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CD 38, CD 31 lymphocytes in critical ischaemia of the lower extremities
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Th e aim of the research. To study the interrelations between CD38, CD31 lymphocytes and development of critical ischaemia of the lower extremities.
Material and methods. Th e 1st group included 75 patients with the ΙΙВ degree of ischaemia and the 2nd group included 75 patients with critical ischaemia. 
Th e control group consisted of 75 healthy subjects. We measured anklebone arterial blood pressure, the ankle-brachial index, toe arterial blood pressure, 
the transcutaneous tension of oxygen, used ultrasonic Doppler sonography and the CT-angiography. Th e CD38, CD31 level was determined using 
immunofl uorescence. Th e data are presented as median and quartiles – Me (LQ, UQ).
Results. Th e anklebone arterial blood pressure in the 1st group did not diff er from the controls while it was 56 [34; 69] mmHg in patients with critical 
ischaemia. Th e toe arterial blood pressure in patients of the1st group did not diff er from the controls, and in the 2nd group, this index was signifi cantly below 
41 [33; 46] mmHg. Transcutaneous tension of oxygen in the 1st group was normal, in the 2nd group it was 38 [28; 53] mmHg, (р2<0.001). Th e damage to 
arteries was multifocal. Th e most expressed stenosis up to full occlusion was revealed in shin arteries. CD31 in the 1st group was 31.53 [29.11; 45.74] %, and 
in the 2nd group it was 68.14 [57.55; 79.64 %] (р2<0.001)
Conclusion. High and average correlations have been found between CD31, CD38 and ischaemia, high and very high correlations were revealed between 
CD31 and the arterial blood fl ow parameters in the lower extremities, and the preserved lumen of arteries.
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Great scientifi c interest to problems of arteriosclero-
sis obliterans (ASO) of vessels of the lower extremities is 
based on the increase in the incidence of this pathology 
and multidisciplinary approach in diagnostics and treat-
ment [1]. Progression of the pathological process and 
development of critical ischaemia are the most urgent 
problems of modern vascular surgery [2]. Development 
of atherosclerotic damage of arteries depends on a set 
of factors, among which damage to endothelium is the 
leading one [3]. CD38 is a bifunctional enzyme respon-
sible for intracellular and intercellular communication. 
CD38 expresses on various cells of the organism: blood 
cells, in particular, lymphocytes, cardiomyocytes, cells 
of the central nervous system [4]. Th e platelet and en-
dothelial molecule of type I adhesion (CD31) is a trans-
membrane glycoprotein related to the immunoglobulin 
superfamily. CD31 expresses on a cellular surface of en-
dotheliocytes, thrombocytes, lymphocytes, neutrophils, 
monocytes and megakaryocytes. Its level is regulated by 
the vascular and endothelial growth factor (VEGF) and 
the macrophage-colony stimulating factor. [5, 6, 7]. Th e 
main CD31 function is regulation of adhesion and selec-
tive transendothelial migration of various immune cells. 
It is established that, at fi rst, migration of neutrophils and 
monocytes is present with later migration of lymphocytes, 
eosinophils, etc. Also, CD31 participates in processes of 
apoptosis, angiogenesis, aggregation of thrombocytes, etc. 

[8, 9]. Th e processes caused by activation of these mole-
cules can play an important role in development of ASO 
and critical ischaemia, as the source of damage to the en-
dothelium. Th us, a research of an expression CD38, CD31 
as pathogenetic marker of ASO can be of interest at dif-
ferent stages of the disease. Th e aim of the research was 
to study the interrelations between CD38, CD31 lympho-
cytes and development of critical ischaemia of the lower 
extremities.

Material and Methods
Th e study was a cohort prospective research. 

Included patients with ASO undergoing treatment at the 
Krasnoyarsk Interdistrict Clinical Hospital № 7 from 2019 
to 2021. All procedures performed in studies involving 
human participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and its 
later amendments or comparable ethical standards. Th e 
research was approved by the Ethics Committee of the 
Prof. V.F.  Voino-Yasenetsky Krasnoyarsk State Medical 
University, protocol 57/2019 dated 27.10.2019.

Study Design. Two study gro ups were formed: the 
1st group included 75 patients with the ΙΙВ degree of 
ischaemia according to the classifi cation by Leriche-
Fontaine. Th e 2nd group included 75 patients with clin-
ical manifestations of critical ischaemia. Distribution of 
patients between the groups was based on the Clinical 
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recommendations for “arterial diseases of the lower 
limbs” of the Ministry of Health of the Russian Federation 
(2020). IIb degree ischaemia means symptoms of alter-
nating lameness when passing a distance of less than 200 
meters and the absence of pain at rest. Critical ischaemia 
of an extremity is a syndrome of a decompensated chronic 
arterial insuffi  ciency of an extremity due to ASO, the main 
clinical signs of which are the pain at rest which is not 
stopped by narcotic analgesics and (or) existence of ulcer 
and necrotic process of foot. Th e criteria of non-inclusion 
into the research were: diabetes mellitus and other endo-
crine, autoimmune, infectious and oncological diseases in 
anamnesis; presence of severe accompanying cardiovas-
cular pathology, heart failure 2A and above, 2 or a higher 
functional class according to the NYHA; medical history 
of allergic reactions and intolerance to contrast agents, in-
take of indirect anticoagulants, drugs of prostaglandin E, 
statins at the outpatient stage of treatment and smoking. 
Besides, the control group was constituted by 75 apparent-
ly healthy subject s did not have symptoms of obliterating 
diseases of vessels of the lower extremities.

Methods. For objectifi cation of ischaemia degree as-
sessment, we me asured the anklebone arterial blood pres-
sure, the ankle-brachial index, toe arterial blood pressure, 
transcutaneous tension of oxygen in foot fi ngers. For 
blood fl ow assessment in arteries of the lower extremities, 
we used ultrasonic Doppler sonography of arteries of the 
lower extremities and the CT-angiography. Th e groups 
were comparable by age and sex composition. All patients 
in both groups of clinical observation and participants of 
the control group were male. Th e age was 65 [53; 76] years 
in the control group, 67 [52; 75] years in the 1st group, 
66 [54; 77] years in the 2nd group. Th e content of CD38, 
CD31 lymphocytes in peripheral blood was defi ned in 
Scientifi c Research Institute of Molecular Medicine and 
Pathological Biochemistry of Prof. V.F. Voino-Yasenetsky 
Krasnoyarsk State Medical University. Th e research was 
conducted upon arrival of the patient at the hospital prior 
to therapy. Th e maintenance of CD38, CD31 of lympho-
cytes in peripheral blood w as determined by the method 

of an indirect immunofl uorescence by mouse monoclonal 
antibodies to molecules of various CD polymeric recep-
tors of lymphocytes, also DAPI staining (4′,6-diamidi-
no-2-phenylindole) was carried out. Fluorescent micros-
copy (magnifi cation h80) was performed with light fi lters 
for FITC-tag and for DAPI using a universal microscope 
Olympus BX-41 “Olympus” (Japan); no less than 30 fi elds 
of sight were analysed. Th e percentage of lymphocytes, 
CD38 or CD31 was calculated from the total number of 
lymphocytes, the nuclei of which were stained with high 
DAPI.

Th e data are presented as median with lower and upper 
quartiles – Me (LQ, UQ). For assessment of the nature of 
distribution, the Shapiro-Wi lk test was used. Th e studied 
sizes did not comply with normal distribution. Th e non-
parametric Mann-Whitney U-test was used for pairwise 
comparison in the groups. Th e critical level of statistical 
signifi cance when testing the null hypothesis was set at 
0.05.

Th e bonds between separate signs were described by 
means of the Spearman’s rank correlation coeffi  cient (rS).

Results
Anklebone arterial blood pressure in patients of the 

1st group did not diff er from indicators of the control 
group (р1=0.328). In development of critical ischaemia 
this indicator diff ered signifi cantly and equalled 56 [34; 
69] mmHg, (р1<0.001, р2<0.001). It was refl ected in the 
change of the ankle-brachial index in patients with arte-
riosclerosis obliterans. Th us, this index was 0.64 [0.56; 
0.75] (р1=0.002) in the 1st group and 0.33 [0.26; 0.42] 
(р1<0.001, р2=0.001) in the 2nd group. Toe arterial blood 
pressure in patients of the 1st group did not diff er from 
values of the control group, and in the 2nd group was sig-
nifi cant below and was 41 [33; 46] (р1<0.001, р2<0.001). 
Transcutaneous tension of oxygen is one of the main cri-
teria of perfusion adequacy. In the 1st group, this indica-
tor did not diff er from normal values, in the 2nd group it 
was reduced to 38 [28; 53] mmHg, (р1<0.001, р2<0.001) 
(Table 1).

Table 1
Assessment of blood fl ow parameters in the studied groups (Me [LQ, UQ])

Control group
(n=75)

The 1st group
(n=75)

The 2nd group
(n=75)

 Anklebone arterial blood pressure, mmHg. 138
[124; 152]

120 [108; 135],
р1=0.328

 56 [34; 69]
р1<0.001, р2<0.001

Ankle-brachial index 1.12
[0,96; 1,27]

  0.64 [0,56; 0,75]
р1=0.002 

0,33 [0,26; 0,42]
р1<0.001, р2=0.001

 Toe arterial blood pressure, mmHg. 125
[116; 147]

118 [111; 133]
р1=0.601

  41 [33; 46]
р1<0.001, р2<0.001

 Transcutaneous tension of oxygen, mmHg. 97
[93; 98]

88 [81; 97]
р1=0.904

  38 [28; 53]
р1<0.001, р2<0.001

Note: p1 – the importance of distinctions of group in comparison with control (Mann-Whitney U-criterion), p2 – the 
importance of diff erences between the 1st and 2nd groups (Mann-Whitney U-criterion).
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Damage to arteries of the lower extremities in patients 
of both groups had multifocal character. Th e preserved lu-
men of vessels in patients with ASO in all cases diff ered 
from indicators of almost healthy subjects of the control 
group. Th e lumen of the common femoral artery (CFA) 
in the 1st group was 67.8 % [64.5; 71.4], (р1=0,003), in the 
2nd group it was slightly lower than 50.2 % [47.3; 54.4], 
(р1<0.001, р2=0.011). In patients of both groups, the lumen 
of the superfi cial femoral artery (SFA) decreased to 32.7 % 
[29.8; 41.4] in the 1st group, (р1<0.001) and to 20.8 % [16.4; 
22.8] in the 2nd group was revealed (р1<0.001, р2=0.003). 
It should be noted that a signifi cant decrease in the lu-
men of the deep femoral artery (DFA) 69.2 % [66.3; 79.4], 
(р1=0.238) was not revealed in the 1st group while this in-
dicator was much lower in the 2nd group: 51.2 % [38.5; 
55.1], (р1<0.001, р2=0.014). Th e lumen of the popliteal ar-
tery (PA) was considerably narrowed in both groups. Th e 
most expressed stenosis up to full occlusion was observed 
in shin arteries (table 2).

Th e content of CD38 lymphocytes in patients of the1st 
group was 25.52  % [23.70; 30.65] (p1<0.001) while in 
the 2nd group it was 55.82  % [50.12; 65.72], (p1<0.001, 
p2<0.001), which was much higher than contents of lym-
phocytes in the control group. Th e CD31 lymphocytes 
in patients of the 1st group was 31.53  % [29.11; 45.74], 
(p1<0.001) and 68.14  % [57.55; 79.64] in the 2nd group 
(р1<0.001, р2<0.001) (see Table 3).

Th e correlation coeffi  cient between CD38 and ankle-
bone arterial blood pressure was rS=-0.68, (p=0.007) that 
corresponded to average negative correlation. Th e corre-
lation between the ankle-brachial index and peripheral 
blood CD 38 lymphocytes was equal, rS= -0.71, (p=0.008), 
i.e. high negative correlation. Th e correlation coeffi  cient 
between CD38 and transcutaneous tension of oxygen was 
rS=-0.73, (p=0.014): high negative correlation. Th e cor-
relation coeffi  cient between CD31 lymphocytes and an-
klebone arterial blood pressure was rS=-0.82, (p=0.003) 
that corresponded to high negative correlation. Th e cor-
relation between the ankle-brachial index and CD31 was 
equal to rS=-0.92, (p<0.001), which is very high negative 
correlation. Toe arterial blood pressure had average force 
negative correlation with CD31. Th e transcutaneous ten-
sion of oxygen and CD31 had a correlation coeffi  cient of 
rS=-0.89, (p=0.002) that corresponded to high negative 
correlation (Table 4).

Negative correlations between CD38 and the lumen 
of PA at rS=-0.74, (p=0.002), and the lumen of PTA 
at rS=-0.76, (p<0.001) were high. Additionally, high neg-
ative correlation coeffi  cient was established between the 
lumen of ATA and CD38 at rS=-0.89, (p=0.003). Th e cor-
relation coeffi  cient between the visualised lumen of CFA 
and CD31 was rS=-0.42, (p=0.015), which corresponded 
to weak negative correlation. A correlation coeffi  cient 
between the lumen of SFA and the CD31 was rS=-0.66, 

Table 2
Visualised lumen of arteries of the lower extremities using ultrasonic dopplerography (Me [LQ, UQ])

Control group 
(n=75)

The 1st group 
(n=75)

The 2nd group 
(n=75)

CFA, % 88.9 [87.7; 94.2]  67.8 [64.5; 71.4], р1=0,003   50.2 [47.3; 54.4], р1<0.001, р2=0.011

  SFA, % 72.2 [68.4; 74.4] 32.7 [29.8; 41.4], р1<0.001  20.8 [16.4; 22.8], р1<0.001, р2=0.003

DFA, % 83.7 [79.4; 92.0]   69.2 [66.3; 79.4], р1=0.238  51.2 [38.5; 55.1], р1<0.001, р2=0.014

 PA, % 76.5 [72.1; 88.5] 30.8 [22.5; 38.6], р1<0.001  16.2 [11.3; 19.5], р1<0.001, р2=0.002

  PTA, % 87.2 [64.6; 91.3] 23.5 [20.6; 38.7], р1<0.001 10.7 [5.5; 18.6], р1<0.001, р2=0.021

 ATA, % 89.8 [78.5; 93.4] 22.2 [18.3; 36.6], р1<0.001 9.4 [3.3; 12.7], р1<0.001, р2=0.013

Note: CFA – common femoral artery, SFA – superfi cial femoral artery, DFA – deep femoral artery, PA – a popliteal 
artery, PTA – posterior tibial artery, ATA – anterior tibial artery, p1 – the signifi cance of diff erences in the groups in com-
parison with the controls (Mann-Whitney U-test), p2 – the signifi cance of diff erences between the 1st and the 2nd groups 
(Mann-Whitney U-test)

Table 3
Th e content of CD38, CD31 lymphocytes in peripheral blood (Me [LQ, UQ])

Control group 
(n=75)

The 1st group 
(n=75)

The 2nd group
(n=75)

CD38 lymphocytes, % 11.80 [9.50; 15.70] 25.52 [23.70; 30.65], р1<0.001 55.82 [50.12; 65.72], р1<0.001, р2<0.001

CD31 lymphocytes, % 8.12 [6.31; 9.05] 31.53 [29.11; 45.74], р1<0.001 68.14 [57.55; 79.64], р1<0.001, р2<0.001

Note: p1 – the signifi cance of diff erences in the groups in comparison with the controls (Mann-Whitney U-test), 
p2 – the signifi cance of diff erences between the 1st and the 2nd groups (Mann-Whitney U-test).
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(p=0.002), which corresponded to negative correlation of 
average force. Negative correlations between CD31 and 
the lumen of PA at rS= -0.78, (p<0.001), and the lumen of 
PTA rS= -0.88, p<0.001 were high. Very high negative cor-
relation coeffi  cient was received between lumen of ATA 
and CD31 rS= -0.93, (p=0.002) (Table 5).

Discussion
CD38 is involved in cell activation, diff erentiation, 

apoptosis, and proliferation. Th e biochemical changes in-
duced by it include intracellular calcium release, phospho-
rylation of substrates, and increased expression of mole-
cules involved in proliferation or apoptosis [10]. CD38 
activation in the endothelium is an important cause of 
post-ischaemic endothelial dysfunction [11, 12].

Th e assessment of secretion of adhesive molecules 
in patients with stenosis of carotid arteries aft er carotid 
endarterectomy is carried out. It is revealed that indica-
tors of sPECAM-1 decrease on the 1st day aft er surgery. 
Nevertheless, half a year later, the level of secretion of 
this molecule was comparable to reference values [13]. 
It can be considered a marker of endothelium impair-
ment against the background of ischaemia. Some authors 
consider CD31 microparticles as a predictive marker of 
intensity of endothelial cells apoptosis [14]. Th ese are of 
great predictive value for nonfatal myocardial infarction 
in comparison with other molecules of intercellular ad-
hesion, sPECAM-1 and endothelin-1 [15]. Th e increased 
sPECAM-1 level in blood plasma is associated with risk of 
development of an atherosclerotic cerebral infarction [16].

Data on the content of CD31 and CD38 in peripheral 
blood of the patients with non-coronary atherosclerosis 
have been obtained for the fi rst time. Additionally, reg-
ularities between the content of these markers and key 
indicators characterising the damage to peripheral arter-
ies and ischaemia severity have been revealed. It allows 
suggesting a role of activation of lymphocytes in ASO 
pathogeny. However, it has not been possible to establish 
which process is primary: the damage to endothelium 
in response to activation of lymphocytes or activation of 
lymphocytes in response to damage to endothelium.

Research limitations. Many important factors aff ect-
ing arterial circulation were chosen as criteria for non-in-
clusion in the research. Th e data obtained are correct for 
non-smoking patients, without clinically signifi cant man-
ifestations of coronary atherosclerosis and heart failure. 
Th e role of drugs for treatment of arterial diseases of the 
lower limbs on an expression of CD31 and CD38 is not 
known as patients in our research did not receive these 
drugs at a stage of outpatient treatment.

Conclusion
High and very high correlation bonds between the 

content of CD31 of lymphocytes and high and average 
force correlation bonds between the content of CD38 of 
lymphocytes in peripheral blood are both indicators of the 
condition of arterial blood fl ow in the lower extremities, 
and the retained lumens of arteries of the lower extremi-
ties have been revealed.

Table 5
Correlation coeffi  cients between the visualised 
artery lumens and the content of CD38, CD31 

lymphocytes in peripheral blood
Spearman’s rank correlation 

coeffi cient with CD38
Spearman’s rank correlation 

coeffi cient with CD31

 CFA, % rS= -0.35, p=0.013 rS= -0.42, p=0.015

SFA,%  rS= -0.57, p=0.003 rS= -0.66, p=0.002

DFA,%  rS= -0.36, p=0.015 rS= -0.47, p=0.008

PA,%  rS= -0.74, p=0.002  rS= -0.78, p<0.001

 PTA,%  rS= -0.76, p<0.001  rS= -0.88, p<0.001

ATA,%  rS= -0.89, p=0.003  rS= -0.93, p=0.002

Note: CFA – common femoral artery, SFA – superfi cial 
femoral artery, DFA – deep femoral artery, PA – a popliteal 
artery, PTA – posterior tibial artery, ATA – anterior tibial 
artery, rS – Spearman’s rank correlation coeffi  cient, p – bi-
lateral signifi cance of Spearman’s rank correlation coeffi  -
cient considered reliable at p≤0.01.

Table 4
Correlation coeffi  cients between indicators of the blood fl ow condition 

and the content of peripheral blood CD38, CD31 lymphocytes
Spearman’s rank correlation coeffi cient with CD38 Spearman’s rank correlation coeffi cient with CD31

 Anklebone arterial blood pressure, mmHg.  rS= -0.68, p=0.007 rS= -0.82, p=0.003

Ankle-brachial index  rS= -0.71, p=0.008 rS= -0.92, p<0.001

Toe arterial blood pressure, mmHg.  rS= -0.51, p=0.012 rS= -0.69, p<0.001

 Transcutaneous tension of oxygen, mmHg.  rS= -0.73, p=0.014 rS= -0.89, p=0.002

Note: rS – Spearman’s rank correlation coeffi  cient, p – bilateral signifi cance of Spearman’s rank correlation coeffi  cient 
considered reliable at p≤0.01.
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