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IMBALANCE IN LYMPHOCYTE COMPOSITION AND CYTOKINE PROFILE  
AS A RISK FACTOR OF VIBRATION DISEASE 

E.V. Boklazhenko, G.M. Bodienkova 
East-Siberian Institute of Medical and Ecological Research, 3 12А mikroraion, Angarsk, 665827, Russian Federation 

To provide consistent functioning of the immune and nervous systems, both in normal conditions and in case of any pa-
thology, is among the most significant functions performed by the cytokine system. It seems important to examine mecha-
nisms underlying the well-coordinated working of the immune system since such studies can give grounds for developing 
certain criteria applied to assess risks of developing vibration disease (VD) and making prognosis for it. Our research goal 
was to identify peculiarities related to the balance in the phenotypic composition of lymphocytes and cytokines as risk factors 
of developing vibration disease. 

We estimated the phenotypic structure of lymphocytes by indirect immunofluorescence using monoclonal antibodies to 
CD3+, CD4+, CD8+, CD16+, CD20+, CD25+, and CD95+ molecules. IL-2, IL-4, IL-8, and INF-γ cytokines were determined 
in blood serum with the solid-phase ELISA method. 

We analyzed cytokine contents in patients with VD and established a statistically significant growth in levels of IL-8 
and INF-γ and a decrease in IL-2 contents against the reference group. We also found certain differences in the correlations 
between lymphocytes and cytokines in patients with VD and healthy people. Thus, in patients with VD, there was a positive 
correlation between the absolute number of CD3+-lymphocytes and the level of the immune-stimulating IL-2 and a positive 
correlation between the quantity of CD4+-lymphocytes and IL-4 concentration. At the same time, having examined healthy 
people from the reference group, we detected a negative correlation between IFNγ and the absolute quantity of CD3+ and 
CD95+-lymphocytes. Therefore, the risk of developing and progressing vibration disease is to a certain extent associated 
with its pathogenetic peculiarities based, among other things, on complex functional relationships between lymphocytic phe-
notypes and pro-anti-inflammatory cytokines. In future this will allow substantiating new biomarkers in the additional VD 
diagnostics.   
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Vibration disease (VD) is a widely-spread 
occupational pathology which occurs in work-
ing population and is medically and socially 
significant owing to the risk of social and eco-
nomic losses caused by it. Working people are 
exposed to a set of harmful occupational fac-
tors; therefore, it is vital to perform monitoring 
over their health and implement timely activi-
ties aimed at preventing development of occu-
pational and work-related diseases. All this is 
extremely important for achieving longer em-
ployment periods and life expectancy [1–3]. 

Neural and vascular disorders are the key 
elements in the VD clinical picture and pe-
ripheral circulatory disorders play a special 
role among them [4, 5]. Hypoxia and micro-
circulatory disorders activate cells which then 
start to release active substances, notably cy-
tokines. Cytokines are molecules responsible 
for a type and duration of an immune re-
sponse. They are synthesized immediately as a 
response to tissue lesions. Cytokines facilitate 
interactions between the immune system and 
organs and tissues in the body at the molecular 
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level. The same mechanism mediates regula-
tion of an immune response1. In case there are 
no pathological processes, cytokines are not 
detected in blood under the primary immune 
response. Their occurrence in blood indicates 
there are local functional disorders in the cyto-
kine system which are the most frequent in 
case there are intense inflammatory reactions 
and create risks of a disease becoming more 
severe [6, 7]. Interleukins and interferons  
accumulated in an inflammation focus and 
produce their effects on most cells participat-
ing in this reaction. Such affected cells include 
granulocytes, macrophages, T- and B-lympho-
cytes as well as fibroblasts, endotheliocytes, 
and epithelial cells [8–10]. 

Examining mechanisms which underlie 
the well-coordinated working of the immune 
and nervous system can give grounds for de-
veloping criteria applied to assess risks of de-
veloping VD. 

Our research goal was to estimate 
changes in the balance and ratio between the 
phenotypic structure of lymphocytes and cyto-
kines as risk factors causing developing vibra-
tion disease. 

Materials and methods. 54 men with di-
agnosed VD took part in our study. The dis-
ease was induced by local vibration or com-
bined exposure to local and overall vibration. 
VD was diagnosed by occupational patholo-
gists at the clinic of the East-Siberian Institute 
of Medical and Ecological Research according 
to the International Classification of Diseases, 
version ICD-10. Patients’ average age was 
51.45 ± 0.87 years; average working experi-
ence, 25.5 ± 2.13 years. The most common 
occupations in this (test) group were riveters, 
mechanic assemblers, dozer drivers, timber 
lorry drivers, crane operators, loader drivers, and 
tractor drivers. The reference group was compa-

rable as per age and sex (51.06 ± 0.95 years, 
males) and included 27 practically healthy 
people who were not occupationally exposed 
to vibration. We used the following criteria to 
include patients with VD into our research: 
VD diagnosis was verified, they gave their 
written informed consent to take part in the 
research, and their working experience under 
exposure to vibration exceeded 10 years. 

We examined peripheral blood taken in 
the morning on an empty stomach from the 
ulnar vein. The blood was taken into a vial 
with heparin (to extract leukocyte suspension) 
and a vial with a coagulation activator (to ob-
tain serum). Lymphocytes and their popula-
tions were quantified in vitro by indirect im-
munofluorescence using monoclonal antibod-
ies specific to differentiation antigens (CD3+, 
CD4+, CD8+, CD9+, CD16+, CD20+, CD21+, 
CD23+, CD25+, CD95+) (“Klonospektr”, Mos-
cow). We calculated a relative quantity of CD-
positive cells in the total lymphocytes numbers 
using “Olimpus CX-41” microscope (Japan). 
IL-2, IL-4, IL-8, INFγ cytokines were deter-
mined in blood serum with the solid-phase 
ELISA method using relevant test-systems 
(“Vector-Best”, Novosibirsk). All the data 
were statistically analyzed with Statistica 6.0 
applied software package (StatSoft, USA). We 
applied non-parametric Mann-Whitney U test 
to compare different samplings. The samplings 
were described with median and interquartile 
range (Ме (Q25–Q75)). We applied Spear-
men’s correlation analysis to establish correla-
tions between indicators. The critical level of 
significance (p) was taken at 0.05 when statis-
tical hypotheses were tested. Our research is in 
full conformity with the ethical standards 
stipulated by the Helsinki Declaration (2000)2 
and the Order No. 200n issued by the RF Pub-
lic Healthcare Ministry on April 01, 20163. 
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Results and discussion. In our previous 
study we analyzed the sub-population structure 
of lymphocytes in the same patients with VD. 
The study established changes in the immune 
response, notably growing quantities of CD3+-, 
CD4+-, CD8+-lymphocytes and declining levels 
of CD20+, CD25+-lymphocytes in the patients 
with VD; the changes were caused by exposure 
to local vibration. We also revealed  growing 
quantities of CD3+-, CD4+-, CD8+-, CD16+-, 
CD20+-, CD25+-, CD95+-lymphocytes in the 
patients with VD caused by combined exposure 
to local and overall vibration, All this indicated  
that the immune system was apparently acti-
vated owing to this occupational pathology 
[11]. Bearing in mind that lymphocytes sub-
populations produced cytokines [6, 12], we ana-
lyzed levels of those cytokines which reflected 
how active lymphocytic cells were. 

Our analysis of cytokine contents in pa-
tients with VD (Table 1) established a statisti-
cally significant increase in contents of pro-
inflammatory cytokines IL-8 and INFγ in the 
test group against the reference one (р = 0.007 
and р = 0.016 respectively). As for the con-
tents of regulatory IL-2, we detected a decline 
in it in the test group in contrast to the refer-
ence group (р = 0.0003). 

Interleukins and interferons in Table 1 
create a whole network of interactions where 
they have crossing functions and can act in 
synergy with other cytokines and lympho-
cytes [13]. Therefore the next stage in our re-
search involved analyzing possible correla-
tions between the phenotypic structure of 
lymphocytes and cytokines levels in the ex-
amined people. We established that those cor-
relations in patients with VD were different 
from those detected for healthy people. This 
can be due to risks of more severe vibration 
disease. Significantly, all those correlations 
were positive. 

Thus, the patients with VD had a positive 
correlation between the absolute quantity of the 
overall CD3+ lymphocytes population (r = 0.46, 
р = 0.029) and the level of immune-stimulating 
IL-2 (Table 2). Also there was a positive corre-
lation between the quantity of T-helpers CD4+ 
and IL-4 contents in the examined patients with 
VD (r = 0.39, р = 0.027).  

On the contrary, our examination of corre-
lations between cellular immunity parameters 
and cytokines concentrations in the healthy 
people from the reference group established 
negative correlations between IFNγ and abso-
lute quantities of CD3+ (r = –0.68, р = 0.029)

T a b l e  1  
Cytokine contents in blood serum in patients with vibration disease, Me (Q25–Q75) 

Indicators, pg/ml Patients with VD, 
n = 54 

Reference group, 
n = 27 p 

IL-2 4.16 (1.97–7.55) 6.01 (5.68–8.32) 0.0003 
IL-4 0.01 (0.01–2.71) 0.01 (0.01–0.32) 
IL-8 15.84 (0.94–37.38) 10.3 (0.01–14.6) 0.007 
INFγ 1.63 (0.01–38.96) 0.23 (0.01–9.49) 0.016 

N o t e :  p shows the level of statistically significance for differences between the groups.  

T a b l e  2  
Results produced by analyzing correlations between the quantity of lymphocytes and cytokines 

in the patients with VD and the reference group  
Correlation pairs lymphocytes – cytokines Patients with VD Reference group 

CD3+ – IL-2 0.459 – 
CD4+ – IL-4 0.389 – 
CD3+ – INFγ – -0.681 

CD95+ – INFγ – -0.633 

N o t e :  the given values of r (Spearman’s rank correlation coefficient) correspond to p < 0.05; dashes mean 
there are no statistically significant correlations, p > 0.05.  
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and CD95+-lymphocytes (r = –0.68, р = 0.047) 
(Table 2). Given that there were no correla-
tions between IFNγ and lymphocytes in the 
patients with VD, we can conclude that this 
interferon was completely excluded from the 
immune regulation in their bodies. 

The basic function performed by the cyto-
kines system is to provide well-coordinated 
working of the immune and nervous systems as 
a response to stress [14]. Our analysis of cyto-
kines contents in the patients with VD allowed 
establishing hyperactivity of pro-inflammatory 
cytokines IL-8 and INFγ. It should be noted that 
IL-8 has a specific property which is its ability 
to regulate fast secretion of IL-8 protein product 
due to its release from neutrophilic granulo-
cytes (they contain preformed IL-8) migrating 
after cells activation. In its turn, following the 
positive feedback principle, a drastic IL-8 ejec-
tion can induce its synthesis by the same cells 
and activate its functional properties and block 
up apoptosis of granulocytes [15–17]. We can 
assume that this mechanism for self-regulating 
the production of the aforementioned inter-
leukin can underlie chronic inflammation sup-
porting its acute phase in tissues in patients 
with VD. Undoubtedly, this creates a risk that 
the disease will last longer and be more severe. 
A significant growth in INFγ level is also re-
lated to the process becoming chronic when its 
production by type I T-helpers is enhanced 
[18]. This can explain a situation when IL-4 
was determined within its reference values in 
patients with VD. Elevated concentrations of 
pro-inflammatory cytokines which we detected 
in such patients indicate that the inflammation 
process is highly active in them and has already 
become systemic. However, the examined pa-
tients had reduced IL-2 levels. We should note 
that they had lower contents of СD25+ lympho-
cytes which expressed the receptor to IL-2 
(IL-2R). Reduced IL-2 contents in blood don’t 
properly support IL-2 binding to IL-2R thus 
disrupting T-helpers proliferation1. Obviously, 
prolonged VD caused by exposure to vibration 
results in depleting secretion of the aforemen-
tioned cytokine and the latter in its turn leads to 
apparent disorders in immune responses. 

We performed the correlation analysis with 
its focus on correlations between lymphocytes 
sub-population and cytokines in the examined 
people. The analysis established a positive cor-
relation between the absolute quantity of CD3+-
lymphocytes and the level of immune-stimu-
lating IL-2. We can assume that lower IL-2 
concentration in blood of the patients with VD 
occurred against an imbalance between the 
structure of lymphocytes population and sub-
population which developed due to immune 
cells differentiating and ripening improperly as 
well as their migration into an inflammation 
focus. The number of CD4+-lymphocytes in the 
examined patients with VD was associated with 
the level of IL-4 which was mainly produced by 
Th2-lymphocytes. Besides, mast cells, baso-
phils and D-lymphocytes also participate in 
synthesizing this interleukin. IL-4 induces 
T-lymphocytes differentiating into Th-2 cells 
thus inhibiting Th-1 lymphocytes development, 
activates macrophages, and evokes proliferation 
of activated mature T-cells [6, 19]. All this be-
comes obvious due to detecting positive corre-
lations between concentrations of this cytokine 
and the quantity of T-helpers (CD4+). Later this 
can be used in developing informative criteria 
showing severity of the pathological process. 
People in the reference group had negative cor-
relations between the absolute quantity of CD3+ 
and CD95+-lymphocytes and IFNγ. This is eas-
ily explained since CD3+-cells produce IFNγ 
which simultaneously activates CD3+-lympho-
cytes whereas CD95+-cells promote its apop-
tosis [20, 21]. 

A change in the nature of interrelations 
between lymphocytes sub-populations and cy-
tokines contents can be due to a change in cy-
tokine producers as well as a lea sensitive cel-
lular response to cytokines [20, 22]. This cre-
ates elevated risks of developing immune 
pathologic reactions playing an important role 
in VD pathogenesis. 

Conclusions. Therefore, risks of develop-
ing and progressing vibration disease are to a 
certain extent associated with its pathogenetic 
peculiarities. These peculiarities are related to, 
among other things, an imbalance of lympho-
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cytic phenotypes and pro-anti-inflammatory 
cytokines characterized with the direct correla-
tion between CD3+ and IL-2, CD4+and IL-4 
against activated pro-inflammatory cytokines 
IL-8 and INFγ and reduced levels of IL-2. Our 
research data provide evidence that there are 
complex functional interrelations in the im-
mune system. These data can be used in future 
research for substantiating new biomarkers in 
the additional VD diagnostics. To preserve 
workers’ health, it seems advisable to draw on 

experience in examining the immune status 
during periodical medical examinations aimed 
at minimizing risks of developing occupational 
diseases. 
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