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CYTOKINES AND C-REACTIVE PROTEIN-TRIGGER OF IMBALANCE
OF THE HEMOSTASIS SYSTEM DURING INFLAMMATION

Kharkiv National Medical University

Recent studies have confirmed hypothesis about
crucial role of cytokines and C-reactive protein (CRP)
in progression of inflammation (C.M. Ballantyne et al.,
2004; B. Paimany, 2002; J.W. Steinke, 2006; J. Vo-
lanakis, 2001). Cytokines are pluripotent short-distant
molecules that are synthesized by activated cells of
immune system. CRP has been evaluated as «gold
marker» of inflammation and predictor of various
pathological states. It has been proved experimentally
that pro-inflammatory cytokines such as IL-1, IL-6,
IL-12, IL-3, TNF-a realized their effects through direct
stimulation of CRP expression (B. Paimany, 2002).
On the other hand, reaction of inflammation often re-
sults in disorders of hemostasis system. Nowadays,
cytokines and CRP are considered as highly relevant
factors which trigger both inflammation and hyperco-
agulation (T. van der Poll, et al., 2011). Nevertheless,
mechanisms of the interplay between cytokines and
CRP, triggering inflammation reaction and factors of
hemostasis, are still unclear and require following in-
vestigations.

The aim of the research was to study pro-
inflammatory or anti-inflammatory links of cytokines’
network and CRP concentration as well as parame-
ters of hemostasis system in conditions during inflam-
matory process.

Materials and methods. For the research, blood
samples of patients with acute inflammation
(paratonsillar abscess, n=25) were used; control co-
hort was represented by healthy people (without acute
or chronic inflammation, n=20). Parameters of hemo-
stasis system such as fibrinogen concentration, acti-
vated partial thromboplastin time (APTT), prothrombin
time (PT), international normalized ratio (INR) and
activity of antithrombin Il (AT 11I) have been defined in
blood plasma with the help of standard kits by routine
methods. Concentrations of cytokines as IL-1(3, IL-4,
IL-6, IL-1RA and TNF-a have been determined in
blood sera by the immunoenzyme method. CRP con-
centration has been defined by the turbid metric
method. Statistical processing of data has been used
for figures assessment (STATISTICA 10.0, Excel for
Windows 10).

Results and discussion. It has been found out that
in blood sera of patients with paratonsillar abscess
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concentrations of pro-inflammatory or anti-inflam-
matory cytokines as well as CRP were elevated in
comparison with control cohort and also results from
acute inflammation process. Investigated parameters
of hemostasis system have demonstrated signs of
hypercoagulation in patients with paratonsillar ab-
scess. Concentration of fibrinogen has been elevated,
APTT and PT has been shortened down, and INR has
been reduced (p<0.05). Elevations in fibrinogen levels
are associated with an increased risk of thrombotic
disease. Activation of PT in inflammation process can
be regarded as evidence that cytokines are involved
into activation of extrinsic mechanism of thrombin
generation. Shortening of APTT has revealed that
cytokines may contribute into hypercoagulation by
activation of intrinsic pathway. Suppressed activity of
AT Ill can be explained by the ability of inflammatory
cytokines to decrease concentration of heparin-like
molecules (M. Levi et al., 2003) which are natural co-
factor of AT Ill and, thus, results in delayed inhibition
of coagulation enzymes that is favorable for intravas-
cular coagulation.

Conclusions and prospects for further investiga-
tion. The results of our research have confirmed that
elevated levels of cytokines such as IL-1f3, IL-4,
IL-1RA, IL-6 and TNF-a as well as CRP in inflamma-
tion are associated with imbalance of hemostasis sys-
tem: Increased concentration of fibrinogen, shortening
of APTT and PT, reduced INR are markers of amplifi-
cation of coagulation cascade. Decreased activity of
AT Il sustains the suppression of anticoagulant sys-
tem, and probably results from low regulation or deg-
radation of heparin-like cofactor molecules of AT Il by
cytokines. These disorders of hemostasis system can
be complicated by risk of thrombosis and dissemi-
nated intravascular coagulation in patients with para-
tonsillar abscess. Elevated concentrations of pro-
inflammatory cytokines IL-1B, IL-6 and TNF-a as well
as CRP associated with hypercoagulation may be
used as predictors of DIC syndrome risk in patients
with systemic inflammation.

Keywords: inflammation; cytokines’ network;
interleukins IL-1B, IL-4, IL-6, IL-1RA, TNF-a; C-reac-
tive protein; hemostasis.
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Actuality: Recent studies have confirmed hy-
pothesis about crucial role of cytokines and C-reactive
protein (CRP) in progression of inflammation [2, 12,
16, 20]. Cytokines are pluripotent short-distant mole-
cules that are synthesized by activated cells of im-
mune system. They mediate intercellular communica-
tions as well as stimulation or inhibition of cell growth,
their differentiation, functional activity and apoptosis,
etc. [1, 16]. In cell culture inflammatory cytokines, es-
pecially tumor necrosis factor-a (TNF-a) and inter-
leukin-13 (IL-1B), are major mediators that can elicit
changes in cell phenotype [4]. CRP has been evalu-
ated as «gold marker» of inflammation [13] and pre-
dictor of various pathological states such as myocar-
dial infarction, acute renal and cardiac insufficiency,
acute coronary syndrome, sepsis, neoplasia of differ-
ent localizations [16]. It has been proved experimen-
tally that pro-inflammatory cytokines such IL-13, IL-6,
IL-12, IL-3, TNF-a realized their effects through direct
stimulation of CRP expression [12, 14]. On the other
hand, reaction of inflammation, accompanying ap-
pearance of foreign antigens in the organism
(independently from their origin: whether these are
bacteria and viruses, or self-cells malignization), often
results in disorders of hemostasis system. Severe
infections and inflammation almost invariably lead to
hemostatic abnormalities, ranging from insignificant
laboratory changes to severe disseminated intravas-
cular coagulation (DIC) [8, 15, 17, 19]. Imbalance de-
velops due to the extra activation of coagulation
mechanisms with simultaneous regulation of antico-
agulant pathways and suppression of fibrinolysis [7, 9,
18]. Nowadays, cytokines and CRP are considered as
highly relevant factors which trigger both inflammation
and hypercoagulation [19]. Nevertheless, mechanisms
of the interplay between cytokines and CRP, trigger-
ing inflammation reaction and factors of haemostasis,
are still unclear and require following investigations.

The aim of our research was to study of pro-
inflammatory and anti-inflammatory links of cytokines’
network and CRP concentration as well as parame-
ters of hemostasis system in conditions of inflamma-
tion process.

Materials and methods: For the research, blood
samples of patients with acute inflammation (pa-
ratonsillar abscess, n=25) were used; control cohort
was represented by healthy people (without acute or
chronic inflammation, n=20). Parameters of hemosta-
sis system such as fibrinogen concentration, activated
partial thromboplastin time (APTT), prothrombin time

(PT), international normalized ratio (INR) and activity
of antithrombin 11l (AT 1ll) have been defined in blood
plasma with the help of standard kits («<Renam», Rus-
sia) by routine methods.

Concentrations of cytokines such as IL-18, IL-4,
IL-6, IL-1RA and TNF-a have been determined in
blood serum by the immunoenzyme method («Vector-
best», Russia). CRP concentration has been defined
by the turbidimetric method (kits «Vital Diagnostics»,
Russia). Statistical processing of data has been used
for figures assessment (STATISTICA 10.0, Excel for
Windows 10).

Results and the discussion: It has been found
out that in blood sera of patients with paratonsillar
abscess concentrations of both pools of cytokines as
well as CRP were elevated in comparison with control
cohort which therefore results from acute inflammation
process (table 1).

Table 1 — Concentrations of Interleukins and CRP

Parameter Control cohort, Acu_te inflamma-
n=20 tion, n=25
IL-1B, pg/L 4.37+1.84 12.41+2.88*
IL-6, pg/L 3.89+1.81 9.99+1.76*
TNF-a, pg/L 3.11+1.23 11.35+1.76*
IL-4, pg/L 7.04+2.66 17.45+2.45*
IL-1RA, pg/L 521.83+180.6 2330.8+605.0*
CRP, mg/L 2.78+0.38 5.55+0.63*

Note: * — p<0.05.

Thus, concentration of IL-13 has been increased
in 2.8 folds, concentration of IL-6 has exceeded con-
trol values in 2.6 times; and concentration of TNF-a
has been elevated in 3.6 times (p<0.01). Concentra-
tion of CRP has been increased in 2.0 folds (p<0.01).
Concentrations of anti-inflammatory cytokines’ pool
have been increased as well. Yet, IL-4 concentration
has rose in 2.5 folds, and IL-1RA content in blood
sera has been elevated approximately in 4.5 times.

It has been noted that neutrophils and monocytes
that migrate into the focus of inflammation as well as
tissue macrophages are able to generate endogenous
pyrogens. It is proved that IL-1, IL-6 and TNF-a are
potential pyrogens [1, 16]. Progression of macro-
phagous reaction in the inflammatory focus leads to
generating of highly immunogenic antigen determi-
nants on the surface of macrophages’ membranes,
stimulation of T- and B-lymphocytes, and, eventually,
synthesis of specific antibodies, elevation of their level
in blood, activation of killer-effect and enhanced pro-
duction of cytokines. Intercellular communications
between mononuclear phagocytes and immunocom-
petent cells are mediated by cytokines release. Cyto-
kines participate in the integration of immune system
components as well as in the systemic reaction of
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acute inflammation [2, 16]. One of the manifestations
of acute phase of inflammation is the synthesis of spe-
cific proteins in liver such as CRP, aj-antitrypsin,
transferrin, C3 component of complement system, etc.
Various cytokines (IL-18, IL-6, IL-8, IL-11, TNF-a) are
mediators which initiate synthesis of acute phase pro-
teins [3, 16, 20]. Therefore, such changes of cytokines’
profile in our research reflect compensatory-adaptive
response of an organism by way of immune system
activation in acute inflammation process. This is in ac-
cordance to other researchers’ figures [1, 2, 8, 10, 14].

Investigated parameters of hemostasis system
have demonstrated signs of hypercoagulation in pa-
tients with paratonsillar abscess (table 2).

Table 2 — Parameters of Coagulation

Parameter Control cohort, Acu.te inflamma-
n=20 tion, n=25
Fibrinogen, g/L 3.15+0.43 5.11+0.64*
APTT, sec 46.89+4.98 38.70+2.99*
PT, sec 15.3+0.6 11.84+0.58*
INR 1.19+0.06 0.9+0.05*
AT lll, per cent 100.8+6.7 77.6x4.5*%

Note: * — p<0.05.

Concentration of fibrinogen has been elevated; it
reached 5.11+0.64 g/L (p<0.01). Increase of fibrino-
gen concentration results from inflammation due to
the fact that fibrinogen is an acute phase reactant [5].
Elevations in fibrinogen levels are associated with an
increased risk of thrombotic disease.

Such parameters as APTT and PT have been
shortened down; they have constituted correspon-
dently 38.7+2.99 sec and 11.1+0.47 sec (p<0.05). INT
has been reduced till 0.84+0.04 (p<0.05).

Due to the fact that PT and INR reflect events of
extrinsic pathway of coagulation cascade, their activa-
tion in inflammation process can be regarded as evi-
dence that cytokines are involved into activation of
this mechanism. This is in concern with results of mul-
tiple researches that have demonstrated that tissue
factor (TF), which is the most important initiator of the
extrinsic coagulation cascade, belongs to class Il cyto-
kine receptor family. It is the cofactor for the activated
plasma clotting factor VII (FVlla) which catalyzes the
activation of factor X and IX and leads to the genera-
tion of thrombin and thus, finally, of a fibrin clot. Under
physiologic conditions TF is abundantly expressed
only in the adventitia, nevertheless in many pathologic
conditions its activation is induced by several inflam-
matory mediators such as IL-6, IL-1 and CRP [3, 10].
On the other hand, the expression of TF on mono-
cytes and macrophages is markedly stimulated by the
presence of activated platelets and granulocytes. The
cellular interactions between these cells result in en-
hanced production of pro-inflammatory cytokines
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(IL-1B, IL-6, IL-8, TNF-a) [4, 7], so that, creates patho-
logical positive feedback leading to severe hyperco-
agulation.

Shortening of APTT, which is the parameter for
the assessment of intrinsic mechanism of coagulation
cascade, has reviled that cytokines may contribute
into hypercoagulation by activation of this pathway as
well. In accordance to scientific figures, inflammatory
mediators presumably increase the number of mi-
croparticles in circulation, i.e. phospholipids for
prothrombinase complex generation, through leuco-
cyte activation, so that they can lead to factor Xl acti-
vation and involvement of intrinsic mechanism of co-
agulation through kallikrein-kinin  system. These
events can contribute to vessels injury, vasodilation in
a variety disease including sepsis [4, 6].

Meanwhile, our research has shown that activity
of AT Ill has been reduced to 77.6+4.5% (p<0.05).
Suppressed activity of AT Ill can be explained by the
experimental data in vitro that reviled ability of inflam-
matory cytokines and neutrophil activation products to
decrease concentration of heparin-like molecules [6,
8] which are natural cofactor of AT Ill. In human se-
vere sepsis, these heparin-like molecules have been
shown to be down-regulated or degraded, further di-
minishing the activity of natural anticoagulants [6, 11].
Antithrombin inhibitory activity markedly decreases
during severe sepsis, often to less than 50 per cent of
normal levels [7, 8]. Decreased AT Ill concentrations
result in approximately proportional decreases in the
rates of inhibition of target proteases that mediate
activation of endothelial receptors with following adhe-
sion of leukocytes and platelets. Thus, this decrease
in antithrombin concentration results in delayed inhibi-
tion of coagulation enzymes that favor intravascular
coagulation [11].

Conclusions and prospects for further investi-
gation: The results of our research have confirmed
that elevated levels of pro-inflammatory cytokines
such as IL-1B, IL-6 and TNF-a as well as CRP in in-
flammation are associated with imbalance of hemo-
stasis system:

1. Increased concentration of fibrinogen, shortening of
APTT and PT, reduced INR are markers of amplifi-
cation of coagulation cascade.

2. Decreased activity of AT Ill sustains the suppres-
sion of anticoagulant system, and probably results
from low regulation or degradation of heparin-like
cofactor molecules of AT Il by cytokines.

3. These disorders of hemostasis system can be com-
plicated by risk of thrombosis and DIC in patients
with paratonsillar abscess.

4. Elevated concentrations of pro-inflammatory cyto-
kines IL-1B, IL-6 and TNF-a as well as CRP associ-
ated with hypercoagulation may be used as predic-
tors of DIC syndrome risk in patients with systemic
inflammation.
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LUTOKIHU TA C-PEAKTUBHUN BINOK-TPUITEPU OAUCBANAHCY

CUCTEMUM TrEMOCTAZ3Y NMPU 3ANAINEHHI

Kapmaszina I. C., Anb-PixaHi X.

Pe3tlome. Y cTaTTi aHani3yloTbCa pe3ynbTaTy OOCIAXEHHS BNAUBY LUTOKIHOBOI Mepexi Ta C-peaKkTMBHOMO
6inky (CPB) Ha gucbanaHc cuctemn remocTasy npu 3ananbHOMY MpoLueci Ha MoAerni napaToH3nnApHoro abceue-
cy. Y 25 3paskax cupoBaTKM KPOBi XBOpMX Ha NapaTOH3UNSapHWi abcuec OOCHigXeHO BMICT uuTokiHiB 1J1-1B,
1-4, 111-6, J1-1PA, ®HIlM-a ta CPB; y 3pa3kax nna3mu KpoBi BU3Ha4anun nokasHuKM Koarynorpamm: KOHUEHTpa-
uiro 3P, AYTY, NY, MHB Ta aktmeHicTb AT Ill. BusiBneHo gocToBipHe NiABULLEHHS BMICTY SIK Npo3anarnbHuX, Tak
i MpoTM3ananbHUX LUMTOKIHIB, a Takox CPB y cupoBaTtkax KpOBi XBOPMX Ha napaTtoH3unsapHun abcuec, wo Bigo-
OGpakae koMneHcaTOpHO-aganTaLifHy peakLito opraHiaMmy y BignoBigb Ha 3ananeHHsi. Pe3ynbTatv 4oCnigKeHHs
nokasanu niasuweHHs 3P, ckopodeHHs AYTY Ta MY, ameHweHHa MHB Ta 3HwxeHHs1 aktuBHoCTi AT Ill. Takum
YMHOM, OAepXaHi AaHi NiATBEPAXYOTb, WO UUTOKiHM Ta CPB MOXyTb CcnpuumMHATM ancbanaHc cucteMm reMoc-
Tasy Yyepes aKkTUBaLLito MPOKOArynAHTHOI NTAaHKM 3 OA4HOYACHUM MPUTHIYEHHSM aHTUKOArynsHTHUX MexaHi3mis npu
3ananbHOMy MpOLECi, WO MOXe ycknagHioBaTu nepebir xBopobu Ta CynpoBOLXKYBATUCH PU3MKOM PO3BUTKY
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Tpombo3iB Ta [IB3-cnHgpomy. 36inblueHHs KOHUEHTpaLUi npo3anansHux umTtokiHis I11-163, 1/1-6, ®HIM-a, a Takox
CPB, acouinoBaHi 3 rinepkoarynsuietio MOXyTb BUKOPUCTOBYBATUCS Yy SIKOCTI NpeankTopis po3suTky BC cuHa-
poMy Y NauieHTIB 3 CUCTEMHUM 3ananeHHsAM.

KnroyoBi cnoBa: 3ananeHHs; LMTOKIHOBa Mepexa; inTepnewkinu I11-13, 1J1-4, 111-6, IN1-1PA, ®HIM-a; C-peak-
TUBHMI BiNok; cuctema remocTasy.
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LUMTOKUHbI U C-PEAKTUBHbIW BENNOK-TPUITEPLI AUCEANAHCA

CUCTEMbI FTEMOCTAS3A NMPU BOCINANEHUA

KapmasuHa U. C., Anb-PuxaHu X.

Pe3tome. B ctatbe aHanusupyloTca pesynbTaTbl MCCNEQOBaHUS BIUSHUSA UMTOKMHOBOW ceTu u C-peak-
TmBHoro 6ernka (CPB) Ha gncbanaHc cuctembl remocTasa npu BocnanMTenbHOM npouecce Ha Modeny napaToH-
3unnspHoro abcuecca. B 25 o6pa3suax cbiBOPOTKN KPOBU OOMbHbLIX C NapaTOH3UMMSpHbIM abcleccom uccneno-
BaHO cogepxaHue umtokmHo UJT-1B, UJT-4, UIT-6, UJT-1PA, ®HO-a n CPBE; B o6pasuax nna3mbl KpOBK onpee-
nsnu koHueHTpaumio 0P, AYTB, MNB, MHO un aktuBHocTb AT Ill. O6Hapy>xeHO 4OCTOBEPHOE MoBeLLeHMe coaep-
XaHusa Kak NnpoBocnanuTenbHbIX, Tak U NPOTUBOBOCNANUTENbHbLIX LMTOKUHOB, a Takke CPB B CbIBOPOTKax KpoBu
B0onNbHbIX C NapaToH3UNNAPHbLIM abcueccom, UTO OTpaxaeT KOMNEHCOTOPHO-a4anTaLMOHHY PeakLmio OpraHms-
Ma B OTBET Ha BocnaneHue. PesynbTaTthl uccnegoBaHust nokasanu nosbiweHne O®P, ykopoyernme AYTB un B,
ymeHblieHne MHO u cHwxkeHune aktusHocTu AT IIl. Takum oBpa3om, NomnyyYeHHble AaHHble NOATBEPXKAANT, YTO
unTokmHbl 1 CPB MoryT Bbi3blBaTh AncbanaHc cMcTeMbl remocTasa Yepes akTvBauuio NPOKoarynsHTHOro 3BeHa
C OOHOBPEMEHHbIM YrHETEeHWEeM aTUKOaryrnsHTHbIX MeXaHW3MOB NpW BOCManuTEenbHOM Mnpouecce, YTO MOXeT
COMPOBOXAATbCA PUCKOM pasBuTMS Tpomb60o3oB n [OBC-cuHopoma. YBenuueHne KOHLEeHTpauui nposocnanu-
TenbHbIX umTokuHos UI-1B, UI1-6, PHO-a, a Tarke CPB, accounvpoBaHHble ¢ rmnepkoarynsumein MoryT ObiTb
NCcnosnb30BaHbl B Ka4yecTBe npeaukTopos pa3sutua BC cuHapomMa y naumMeHToB C CUCTEMHBIM BOCNaneHueM.

KnroueBbie cnoBa: BocnaneHue; LMTOKMHOBas ceTb; uHTepnenkunsl UIN-1p, UJl-4, UJT-6, UIT-1PA, ®HO-q;
C-peakTuBHbIV 6enok; cucteMa remocTasa.

CrarTa Hapivwna 28.03.2017 p.
PekomeHdosaHa 0o OpyKy Ha 3acidaHHi pedakuyiliHoi koneaii nicrs peyeH3ysaHHs
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