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B3AMMOCBS3b CUCTEMHOW BOCNAJIUTE/IbHOU
PEAKUUU U TUNEPKOATynduun y nALLMEHTOB

C UMMYHOBOCHNAJIUTEJIbHbIMU PEBMATUYECKUMU
3ABOJIEBAHUAMU

sRypasaera I0.A,, I'yces E.10.

DI'BYH « Uncmumym ummyHosoeuu u gusuosoeuu» Ypaivckoeo omoenenus Poccuiickoil akademuu Hayk,
2. Examepunoype, Poccus

Pesiome. B3aruMoCBSI3b ITpO1IECCOB KOATYISIIMU U BOCITaJICeHUsI 0OeCcTieurBaeT 3alllUTy OpraHu3Ma oT Io-
TEHILMAJIBHO OIMAaCHBIX OMOJIOTMYECKUX areHTOB. OIHaKO TMIepBOCHaieHUE BeUeT 3a COOOU MOBBILICHUE
MPOKOATYJISIIMOHHOIO TOTeHIIMaa, a aKTUBalMs (pakTOpoOB reMocrasa IMOMIepKUBACT BOCHMATUTEIbHBIN
npolecc. DTOT MPOLIeCC MOJMYYJ Ha3BaHUE «MMMYHOTPOMOO3» WX «TpoMOOBocHageHue». [umepiunuToKu-
HEMUIO MOXHO TPaKTOBaTh KaK MPOsIBJICHNE CUCTEMHOU BocnanuTeabHou peakiiuu (CBP), kotopas siBisi-
eTcs aTpuOyTHBIM (b€ HOMEHOM THUIOBOI'O MaTOJOTMYECKOTO Tpoliecca — CUCTEMHOro BocnajsieHus. Mmmy-
HOBOCHAJUTENbHbIE peBMaTuueckue 3abosneBanus (MBP3) aBasioTcd naeaabHOU MOOENbIO IS U3YyUYEHUS
B3aMMOCBSI3M MPOLIECCOB KOATyJsSlIMM U BOCIaJCHUSI Ha CUCTEMHOM ypoBHe. M3yueHue TpomMOoBOCTAIU-
TEJbHBIX MEXaHU3MOB SIBJISIETCS aKTyaJlbHOUW MPOOJIEMOI COBPEMEHHOI MEIUIIMHBI, TIOCKOJBbKY B IepCHeK-
TUBE MMOMOXET YJYUIIUTh Teparuio 3a00eBaHNl, B MaTOreHe3¢ KOTOPhIX TPOMOOBOCHAIEHUE UTPAET CyIIe-
CTBEHHYIO POJIb.

Llenp paboThl — MPOBECTU CPABHUTEIbHBIA aHAIN3 BhIPA)KEHHOCTH CUCTEMHOU BOCIIIMTEILHON peak-
UMY Y MAlMEHTOB C UMMYHOBOCTIUIMTEJIbHBIMU peBMaTU4YecKuMu 3aboneBanusimu (MBP3) ¢ Hanuunem u
OTCYTCTBUEM TPOSIBJICHUI TUITePKOATYJISILIN.

HUist MOCTUXKEHUST TIOCTaBJACHHOM 1€y ObLI MPOBEACH CPaBHUTEJIbHBIA aHAIW3 MPOBOCHATUTEIbHBIX
mapkepos (IL-6, IL-8, IL-10, TNFa, sIL-2R, CRP, ECP, B2-Mukporio0ynH) B KpoBu namueHToB ¢ MBP3
(cucTeMHOU KpacHOW BOJIYAaHKOI, PEBMAaTOMIHBIM apTPUTOM, PEAKTUBHBIM apTPUTOM, aHKUJIO3UPYIOIIUM
CIIOHIWJIMTOM, TICOPUATUYECKUM apTPUTOM, PeBMaTUUECKOU Oojie3Hblo cepalia). Ha ocHoBaHuM omnpene-
JIsIeMbIX OIOMapKepOB BOCHAJIEHUS 10 OPUTUHAIBbHON aBTOPCKON METOAMKE OLICHUBAJIM TaKXKe MHTErpaib-
HBII ToKa3aTesib BbipaxkeHHOCTU CBP — ypoBeHb peakTuBHOCTH (RL). ITo Ha1M4uni0 MOBBILLIEHHOTO YPOBHS
D-aumepa (> 500 Hr/mn) BeiOOpKa ObLIa pa3fesieHa Ha 2 TPYMIIbl: ¢ HATMYKUEM MPU3HAKOB TMIIEPKOAryJisi-
M (n = 56) 1 6e3 IMpU3HaKoB TuItepKoarysaiuu (n = 119). [pynimy KOHTPOJISI COCTaBUIN JOHOPBI KPOBU
(n = 50).
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PesynbraThl MccaeqoBaHUSI OKa3all, 9To y ITanimeHToB ¢ MBP3, He3aBMCHMO OT TeMOCTAaTHIECKOTO MO~
TeHIIMajla KpoBU, pa3BuBaeTcs BohIpaxkeHHass CBP. ITanmeHTsI ¢ IpU3HAKaMU TUIIEPKOATYJISIINN XapaKTe-
pU30BaJIMCh 6OJiee BHICOKMMM 3HAYEHUSIMU OOJILIIMHCTBA TTPOBOCITAIMTEIbHBIX MOJICKYJISIDHBIX MapKepoB
(HanGoJIbIIIME OTKJIOHEHHUS BBISIBJICHBI B OTHOLIEHUN YPOBHs I1L-6), a TakKe MOBBILLIEHHBIM MHTETrPaAJIbHbBIM
ypoBHeM CBP, 4To cBUIETEIbCTBYET O TECHOI B3aUMOCBSI3M IIPOLIECCOB KOATYJISILIMM U BOCIIAJICHUS Ha CH-
CTeMHOM ypoBHe. M, HaIlpoTuB, ¢ Bo3pacTaHueM BbIpaxkeHHOCTH CBP (o1ieHeHHOM ¢ TTIOMOIIIbIO MHTETPaJThb-
HOTO MoKa3aTessa — Y P) yBeanumBaeTcs BEpOSITHOCTh Pa3BUTHUS THIIE pKOATYJISIIINN. TakiuM oOpa3oM, HaOJTro-
JTaeTcs Tepexo] KOJIMIeCTBEHHO 0oiee BRIpaXkeHHBIX (haKTOPOB Ha MHOM Ka4eCTBEHHBINM YPOBCHb Pa3BUTHS
MaTOJIOTMYECKOTrO Ipoliecca.

[laToreHe3 MMMYHOBOCHAIUTEIbHBIX PEBMATUYCCKMX 3a00JIeBaHUI XapaKTepM3YeTCsl Pa3BUTUEM CH-
CTEMHOI BOCIAJIMTEIbHOM peakuuu (TUIIEPLUUTOKMHEMUE, 0CTpoda3HbIM OTBETOM, BHYTPUCOCYIUCTOM
AKTUBAIUCH JICUKOILIUTOB), BEIPAXKEHHOCTh KOTOPOI TECHO CBs3aHa C BHYTPUCOCYIUCTHIM MUKPOTPOMOOO-
Opa3oBaHUEM.

Karouesuie croga: cucmemuas 60CnaiumenvHas peaxkuus, cunepKoazcyniuus, mpozwﬁoeocnaﬂeﬂue, uMMyHomp0M603,
pesemamuuvecKue 3a50/l€80Hll}1, UUMOKUHbL

RELATIONSHIP BETWEEN SYSTEMIC INFLAMMATORY
RESPONSE AND HYPERCOAGULATION IN PATIENTS WITH
IMMUNO-INFLAMMATORY RHEUMATIC DISEASES
Zhuravleva Yu.A., Gusev E.Yu.

Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian
Federation

Abstract. The relationship between the processes of coagulation and inflammation protects the organism
from potentially dangerous biological agents. However, hyperinflammation leads to an increase in the
procoagulation potential, and activation of hemostasis factors maintains the inflammatory process. This
phenomenon is called “immunothrombosis” or “ thromboinflammation”. The study of thromboinflammatory
mechanisms is an actual problem of modern medicine, because in the future it will help to improve the therapy
of diseases, in the pathogenesis of which thromboinflammation plays a significant role. The aim: to carry
out a comparative analysis of the severity of the systemic inflammatory response in patients with immuno-
inflammatory rheumatic diseases depending on the manifestations of hypercoagulation.

To achieve the aim, a comparative analysis of proinflammatory markers (IL-6, 1L-8, 1L-10, TNFa,
sIL-2R, CRP, ECP, 32-microglobulin) in the blood of patients with immune-inflammatory rheumatic diseases
(systemic lupus erythematosus, rheumatoid arthritis, reactive arthritis, ankylosing spondylitis, psoriatic
arthritis, rheumatic heart disease) was performed. Based on these inflammatory markers according to the
authors’ original methodology, the integral index of systemic inflammatory response (SIR) — Reactivity Level
(RL) — was calculated. The cohort was divided into 2 groups: with the presence of signs of hypercoagulation
and without signs of hypercoagulation according to the presence of elevated D-dimer level (> 500 ng/mL).
Control group — healthy blood donors.

The results of the study showed that SIR develops in patients with immuno-inflammatory rheumatic diseases
regardless of the blood hemostatic potential. Patients with signs of hypercoagulation were characterized by
higher values of most proinflammatory molecular markers, as well as increased integral level of SIR, which
indicates a strong relationship between coagulation processes and inflammation at the systemic level. In
addition, the probability of hypercoagulation increases with increasing severity of SIR (assessed by means of
the integral index — RL). Thus, there is a transition of quantitatively more pronounced signs to a new qualitative
level of pathological process development.

The pathogenesis of immuno-inflammatory rheumatic diseases is characterized by the development of SIR
(hypercytokinemia, acute phase response, intravascular leukocyte activation), the severity of which is closely
related to intravascular microthrombosis.

Keywords: systemic inflammatory response, hypercoagulation, thromboinflammation, immuno-thrombosis, rheumatic diseases,
cytokines
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Introduction

The relationship between the processes of coa-
gulation and inflammation protects the organism
from potentially dangerous biological agents. Ho-
wever, uncontrolled mutual activation of the he-
mostasis and inflammation mechanisms causes
the development of pathological process, recently
named “immunothrombosis”, or “thromboinflam-
mation” [4, 9]. Molecular studies have allowed to
explain the complex relationship between certain
factors of the platelet-vascular and coagulation
hemostasis, inflammation and immunity [3, 5, 11].
Cytokines play an important role in intercellular
interactions, including those in thromboinflam-
mation. Hypercytokinemia and especially “cytokine
storm” can be interpreted as a manifestation of
systemic inflammatory response (SIR), which is an
attributive phenomenon of a general pathological
process — systemic inflammation [14]. Immuno-
inflammatory rheumatic diseases (RD) is an optimal
model to study the relationship between coagulation
and inflammation processes at the systemic level.

The aim of the present work was to carry out a
comparative analysis of the severity of the systemic
inflammatory response in patients with immuno-
inflammatory rheumatic diseases depending on the
manifestations of hypercoagulation.

Materials and methods

A retrospective study included 175 patients
with rheumatic diseases, including systemic lupus
erythematosus (n =49), rheumatoid arthritis (n = 42),
reactive arthritis (n = 30), ankylosing spondylitis
(n=27), psoriatic arthritis (n = 12), chronic rheumatic
valvular heart disease (n = 15). The levels of a key
molecular marker of hypercoagulation, D-dimer,
as well as levels of inflammatory mediators such as
C-reactive protein (CRP) and cytokines (I1L-6, 1L-8,
TNFa, IL-10) were measured in blood plasma in all
patients. On the basis of these inflammatory markers
according to the authors’ original methodology,
the integral index of SIR — Reactivity Level — RL
(min 0 — max 5) was calculated [14]. Additional
markers of SIR, indicating intravascular activation
of various leukocyte subpopulations, were also
measured in some patients: levels of eosinophilic
cationic protein (n = 96), soluble receptor to I1L-2 —
sIL-2R (n = 91), and B2-microglobulin (n = 108).
The study was performed using a closed system
for immunochemiluminometric assay, Immulite
(Siemens Medical Solutions Diagnostics, USA).

The cohort was divided into 2 groups: with the
presence of signs of hypercoagulation (n = 56)

and without signs of hypercoagulation (n = 119)
according to the presence of elevated D-dimer level
(> 500 ng/mL). The control group was healthy blood
donors aged 18-55 years (n = 50).

Statistical analyses were performed using Statistica
12.0 program (Stat Soft, Inc., USA). The descriptive
statistics are presented by their main characteristics:
m (mean value) = SD (standard deviation). Com-
parisons between the groups were performed using the
Mann—Whitney test. All the results were considered
statistically significant if the p-value was < 0.05.

Results and discussion

In both study groups, the levels of all proinflam-
matory mediators (IL-6, 1L-8, TNFa, CRP, ECP,
B2-microglobulin, sIL-2R) and RL values were
statistically significantly higher than those in the
control group, which indicates the development of
significant SIR in patients with rheumatic diseases,
regardless of the blood hemostatic potential
(Table 1). The IL-10 concentration did not exceed
the analyzer detection level (5 pg/mL) in 88.6% of
the total patient sample and in 100% of the control
subjects, so no basic statistical characteristics were
calculated for this index. Thus, SIR, manifested as
intravascular leukocyte activation, hypercytokinemia
and acute phase response, plays a significant role in
the pathogenesis of immuno-inflammatory rheumatic
diseases.

A comparative analysis demonstrated that patients
with elevated D-dimer levels were characterized
by significantly higher proinflammatory markers
(except for ECP levels) compared to patients without
signs of hypercoagulation (Table 1). The greatest
differences (more than 6-fold) were found for 1L-6.
The results obtained are in agreement with the data
of some authors indicating a significant correlation of
proinflammatory cytokines with hypercoagulability
indices in rheumatic diseases [2, 12].

Since SIR is a multi-factorial process, it was im-
portant to assess its severity in the studied subgroups
not only by individual markers, but also using integral
indices. Our suggested integral RL was also significant-
ly (p < 0.05) higher in patients with hypercoagulation
(Table 1). An analysis of the distribution of patients by
RL from 0 (no SIR) to 5 (hyperergic variant of SIR)
showed the following. Increased hemostatic potential
in rheumatic diseases is most often associated with
R = 1-2 (SIR, which is most typical for Low-grade
systemic inflammation and classical inflammation);
RL = 0, which indicates the absence of significant
SIR, was found in this group only in single cases. In
contrast, patients without signs of hypercoagulation
are most characterized by RL = 0-1. It is noteworthy
that unusual for a chronic process RL = 5 (increase of
proinflammatory cytokines in the blood by thousands
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TABLE 1. VALUES OF PROINFLAMMATORY MARKERS IN THE STUDIED GROUPS

Marker Patients witl_1 Patients withqut Control group
hypercoagulation hypercoagulation
CRP, mg/dL 2.32+2.66 0.97+1.25* 0.26+0.24
IL-6, pg/mL 373.50+£1762.95 59.75+347.82* 2.02+0.45
IL-8, pg/mL 1326.72+4895.19 266.96+926.30* 5.58+1.56
TNFa, pg/mL 53.12+116.97 53.31+£179.69* 4.33+1.03
ECP, ng/mL 11.37£12.74 6.76+10.69 3.87+1.61
siL-2R, U/mL 1598.5+1900.1 696.0+738.7* 315.6+£101.2
B2-microglobulin, ng/mL 2707.7£1319.1 2198.5+835.3* 1508.4+232.1
RL, point 2.07+1.20 1.08+1.27* 0
RL=0 5.4 43.7 100
RL=1 32.1 28.6 0
RL=2 30.4 12.6 0
RL, %
RL=3 16.1 6.7 0
RL=4 14.3 7.6 0
RL=5 1.7 0.8 0

Note. The control group was statistically significant different from both studied groups for all indicators (p < 0.05); *, p < 0.05
between the groups of patients with and without signs of hypercoagulation.

and tens of thousands of times) were observed in two
patients with systemic lupus erythematosus.

The ranking of the total sample by RL showed
that, in general, the increase in the severity of SIR
was associated with an increase in the rate of D-dimer
detection (Figure 1).

Also of interest was a comparative assessment
of commonly used clinical criteria of diseases
activity depending on the manifestation of signs of
hypercoagulation. This analysis was performed in the
groups of patients with rheumatoid arthritis (DAS28

scale) and systemic lupus erythematosus (SLEDAI
scale). In this case, statistically relevant differences
were found only in the rheumatoid arthritis group
(DAS28:5.92%1.11 points in the group with D-dimer
and 4.65%1.45 points in patients without D-dimer).
In patients with SLE with and without signs of
hypercoagulation, the SLEDAI index did not differ
significantly and was 23.2%12.1 and 19.8%+10.5,
respectively. This phenomenon can be explained
by the fact that the clinical scales mainly focus on

| D-dimer < 500 ng/mL

W D-dimer > 500 ng/mL
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Figure 1. Rates of D-dimer detection at different severities of SIR
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specific clinical manifestations of diseases, but not on
the systemic pathogenetic pattern of these disorders.

Thus, the detected increase in separate molecular
and integral markers of SIR in patients with
increased procoagulation potential indicates a strong
relationship between these processes in patients with
rheumatic diseases. The impact of damage factors (in
particular, immune complexes, cytotoxic antibodies,
molecules from own damaged cells, etc.) as well as
proinflammatory triggers (primarily cytokines) leads
to microcirculatory disorders. These are based on
such processes as endothelial glycocalyx degradation
and endothelium activation with increased vascular
permeability, interstitial edema, exposure of endo-
theliocyte cell membranes expressing receptors to
proinflammatory and platelet-derived factors, and
increased procoagulant potential. Increased hemo-
static potential is associated with the production
of tissue factor, as well as with the inhibition of
anticoagulant pathway and suppression of fibrinolysis
(in particular, by increasing the production of
Plasminogen activator inhibitor-1 — PAI-1).

It is known that some proinflammatory cytokines
(IL-6, TNFa, TGF-B) significantly increase PAI-1
synthesis [7]. Thus, hyperinflammation leads to
a shift of hemostatic balance towards its increase,
and activation of vascular and platelet hemostasis,
production of soluble coagulation factors promote
maintenance of the inflammatory process. Thus, there
is formed a self-sustaining vicious pathogenetic circle
of pathological process, which becomes independent
ofthe damage factors at a certain stage of development.
This process, called “thromboinflammation” or
“immunothrombosis” is considered today as a uni-
versal pathogenetic mechanism of many acute and
chronic diseases [1, 5, 8, 10, 11]. The results of the
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