YK 616.381-002.36-008.83:577.27
DOI 10.11603/mcch.2410-681X.2018.v0.i4.9785

L. O. Kuyun
O. BOHOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV

LEVELS OF PROINFLAMMATORY AND IMMUNOSUPPRESSIVE CYTOKINES
IN PERIPHERAL BLOOD IN PHLEGMONOUS PERITONITIS PATIENTS

Introduction. Among surgical diseases, peritonitis is a life-threatening pathological condition characterized by
inflammation at both local and systemic levels. Identifying proinflammatory mediators in peripheral blood and in
peritoneal fluid and their quantitative characteristic is vital for the diagnosis. High levels of these mediators may be
indicators of complications development or lethal outcome.

The aim of the study — to learn the levels of proinflammatory and suppressive cytokines in the peripheral blood
and compare their properties in patients with acute phlegmonous appendicitis, which causes peritonitis.

Recearch Methods. The study measured levels of proinflammatory and suppressive cytokines in the peripheral
blood and compare their properties in patients with acute phlegmonous appendicitis, which causes peritonitis. Blood
samples from 90 patients with peritonitis and 98 healthy volunteers were analyzed. Blood cytokine content was
determined using enzyme-linked immunosorbent assay (Vector-Best). Optical density was measured on an ana-
lyzer “Stat FAX 303 PLUS” (USA, pg/ml). The results of the study were statistically analyzed using parametrical and
nonparametrical criteria using “Minitab 16” software. Colmogorov-Smirnov test was used to determine the differences
between the group of patients and the control group. Key numerical data was gathered and compared using the
U-criteria of Mann-Whitney, whereas the average of the two independent data sets were analyzed using the Student
method. All persons who took part in the study gave their written consent as required by the bioethics committee.

Results and Discussion. The research demonstrated that acute inflammation during phlegmonous peritonitis
is characterized by mediator synergy between proinflammatory and suppressive potentials of the immune response
at the systemic level. Significant (p<0.001) increase in the levels of proinflammatory (IL-13, IL-6, TNF-a) and sup-
pressive (IL-10, TGF-P) cytokines in the peripheral blood was observed in patients with phlegmonous peritonitis.

Conclusions. Acute inflammation during phlegmonous peritonitis is characterized by mediator synergy between
proinflammatory and suppressive potentials of the immune response at the systemic level. Moreover, significant
(p<0.001) increase in the levels of proinflammatory (IL-13, IL-6, TNF-a) and suppressive (IL-10, TGF-p) cytokines

in the peripheral blood was observed in patients with phlegmonous peritonitis.

KEY WORDS: peritonitis; cytokines IL-1pB, IL-6, IL-10, TNF-a, TGF-f; inflammation.

INTRODUCTION. Among surgical diseases,
peritonitis is a life-threatening pathological condition
characterized by inflammation at both local and
systemic levels [1]. Identifying proinflammatory
mediators in peripheral blood and in peritoneal
fluid and their quantitative characteristic is vital for
the diagnosis. High levels of these mediators may
be indicators of complications development or lethal
outcome [2]. It has been demonstrated that bacte-
rial peritonitis in mice lethal outcome was linked to
increased levels of tumor necrosis factor a (TNF-a),
interleukin 6 (IL-6), and lower contents of IL-10 [3].
This study was conducted on 202 patients and
severity of peritonitis was associated with increased
levels of IL-6 (p<0,025), TNF-a (p<0.01), CRP
(p<0.033), IL-10 (p<0.0001) Ta IL-13 (p<0.0001)
© L. O. Kuyun, 2018.

[4]. According to another study that measured levels
of IL-1, TNF-qa, IL-6, IL-10, IF-y in the serum and
the peritoneal fluid in 66 patients with secondary
peritonitis. Correlational analysis did not find a con-
nection between the levels of cytokines in blood
and peritoneal fluid. IL-10 level was considerably
higher (p=0.04) in patients without causing lethal
outcome [5]. There is no definitive data on recipro-
cal connection between proinflammatory and sup-
pressive cytokines in the peripheral blood during
the development of peritonitis.

The aim of the study — to learn the levels of
proinflammatory and suppressive cytokines in the
peripheral blood and compare their properties in
patients with acute phlegmonous appendicitis,
which causes peritonitis.
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RECEARCH METHODS. The study included
blood samples from 90 patients with peritonitis and
98 healthy volunteers. Blood cytokine content was
determined using enzyme-linked immunosorbent
assay (Vector-Best). Optical density was measured
on an analyzer “Stat FAX 303 PLUS” (USA, pg/ml).
The results of the study were statistically analyzed
using parametrical and nonparametrical criteria
using “Minitab 16” software. Colmogorov-Smirnov
test was used to determine the differences between
the group of patients and the control group. Key
numerical data was gathered and compared using
the U-criteria of Mann-Whitney, whereas the aver-
age of the two independent data sets were analyzed
using the Student method. The average quantitative
changes and root-meansquare values for para-
metrical methods and the median with 1 and 3

quartile for nonparametrical values are presented.
All persons who took part in the study gave their
written consent as required by the bioethics com-
mittee.

RESULTS AND DISCUSSION. The levels of
proinflammatory cytokines in the peripheral blood in
the control group and in peritonitis patients (Table 1).

The study results presented in Table 1 demons-
trate that phlegmonous peritonitis patients diag-
nosed with surgical acute inflammation of the ap-
pendix exhibited increased activity of the inflamma-
tory process at the systemic level. The content of
IL1-B, IL-6 and TNF- a in the peripheral blood
(Table 1) was significantly higher (p<0.001) than in
the control group. Concentration of suppressive
cytokines is shown in Table 2.

Table 1 — Proinflammatory cytokine levels in the peripheral blood in peritonitis patients (M+SD)

Parameters Control group (n=98) Peritonitis (n=90) P
IL1B, pg/ml 13.35.1 122.4+29.3 <0.001
IL-6, pg/ml 8.2+3.1 99.5+25.9 <0.001
TNF-a, pg/ml 26.1+7.6 123.1+36.0 <0.001

Note. P — validity of parameter differences between the group of patients and the control group.

Table 2 — Levels of suppressive cytokines in the peripheral blood during peritonitis (M+SD)

Parameters Control group (n=98) Peritonitis (n=90) P
IL-10, pg/ml 21.6%5.7 144.3+34.9 <0.001
TGF-B, pg/ml 12.0+4.2 66.9+21.3 <0.001

Note. P — validity of parameter differences between the group of patents and the control group. Suppressive cytokine con-
tent during phlegmonous peritonitis (Table 2) was also significantly higher in surgical patients when compared with the para-

meters from the group of volunteers.

Our results demonstrated the presence of
synergy between the proinflammatory and sup-
pressive potentials of the immune response at the
systemic level in patients during the development
of acute phlegmonous peritonitis. Similar results
were observed while studying cytokine levels in
the peritoneal fluid in children with perforated ap-
pendicitis caused by acute phlegmonous peritoni-
tis. The study demonstrated increased levels of
TNF-a and IL-10 [6]. An experimental model of
murine peritonitis showed that high levels of IL-6,
IL-10, and TNF-a significantly (p<0.0001) increased
mortality rates in the experimental animals [7].
TAKEDA-143242 (TAK-242) — an experimental
molecule that inhibits liposaccharide-induced in-
tracellular signaling and inflammation. TAK-242
prevents release of TNF-a, IL-1(3, and IL-6 from
the activated macrophages. An experimental peri-
tonitis model conducted using pigs that were in-
jected with TAK-242 showed that lower levels of
proinflammatory cytokines were released. More-
over, the experimental treatment yielded lower
mortality rates [8]. IL-10 is one of the lead anti-in-
flammatory cytokines necessary for regulation of

excessive activity of proinflammatory cytokines and
chemokines [9]. Another study has shown that IL-10
lowers the activity of macrophages through inhibit-
ing production of y-interferon, IL-2, IL-12, and IL-18.
Modulating the inflammatory response is essential
for ensuring a balanced immune system [10]. Our
study has shown that systemic inflammation during
acute phlegmonous peritonitis is associated with
increased levels of proinflammatory and suppres-
sive cytokines in the peripheral blood. In our opin-
ion, these results may be an indicator of suppres-
sive activity of the immunocompetent cells despite
high levels of the systemic inflammation in patients
with phlegmonous peritonitis.

CONCLUSIONS. Acute inflammation during
phlegmonous peritonitis is characterized by media-
tor synergy between proinflammatory and suppres-
sive potentials of the immune response at the
systemic level. Moreover, significant (p<0.001) in-
crease in the levels of proinflammatory (IL-13, IL-6,
TNF-0) and suppressive (IL-10, TGF-) cytokines
in the peripheral blood was observed in patients
with phlegmonous peritonitis.
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. O. KytoH
HALIIOHATIbHWA MEANYHW YHIBEPCUTET IMEHI O. O. BOFOMO/IbLIS, KUIB

PIBHI ITPO3AITAJ/IbBHUX TA CYIIPECUBHUX LIUTOKIHIB
Y NEPUOGEPUYHIV KPOBI XBOPUX HA ®/TETMOHO3HUM ITEPUTOHIT

Pestome

Bcmyn. Ceped xipypeidHux 3axsoprosaHb MEPUMOHIM € 00HIE 3 Halibi/ibWw Hebe3nevyHUX 07151 Xummsi namo-
n102ili ma xapakmepusyembCsi 3ana/leHHsIM SIK Ha MIiCUeBoMYy, mak i Ha CUCMEMHOMY PiBHSIX. BusHauyeHHs1 Mmedia-
mopis 3anaseHHs1 8 nepughepuyHili kKposi U nepumoHeasibHIli PiOUHi Ma iX Ki/lbKICHI MOKa3HUKU XXUMMEBO BaXX/1UBI
8 diazHoCMuyi Yb020 3axXB0PHBaHHS. Bucoki pisHi 0aHux Mmediamopis 0CO6/1UBO Baxk/1UBI 0/151 BUSHAYEHHST HasiBHOC-
mi yck/1ad0HeHb, 0CO6/1UBO 3 /lema/lbHUM 3aB8EPUIEHHSIM XB0PO6U.

Mema docnidxeHHs1 — BUBYUMU PIBHI Mpo3arnasibHUX i CyrnpecusHUX YUMOKIHIB y nepuchepuyHili Kposi XBOpUX
ma IX NopisHA/IbHY Xapakmepucmuky 8 rnayieHmis i3 cepo3HO-ghi6PUHO3HUM ePUMOHIMoM.

Memoodu 0docnidxeHHs. Y 00C/iOXeHHI 6y/10 BUKOpucmaHo Mamepias, ooepxaHuli 8i0 90 nayieHmis i3 ce-
PO3HO-hiI6PUHO3HUM repumoHimMmoM. KoHmpo/ibHa 2pyna ckiadasnacs 3 98 npakmu4Ho 300p0oBUX OCI6 (BO/IOHMepIB).
BI0 ycix nayieHmig ma 80/10HMepPIi8 ompumMaHo 006pP0BI/IbHY MUCbLMOBY 3200y Ha y4acmb Y HayKOBOMY OOC/TiOXKEH-
Hi, Ha siKe € 0038i/1 KOMICIi 3 6ioemuKu. Bmicm yumokiHis y nepuchepuyHil Kposi 00C/TiOXKyBasIU iMyHODEePMEHMHUM
MemodoM 3 BUKOPUCMAHHSM peakmusis “Bekmop-becm”. OnmuyHy Wi/ibHicmb BU3HaYas/1u Ha aHasnizamopi STAT
FAX 303 PLUS (CLLIA). KoHuyeHmpayito supaxasu 8 rk/mMs1. Yci ompumani pesysismamu 6y/s10 niodaHo cmamucmuyHil
06pobyi 07151 NapaMmempuyYyHUX ma Henapamempu4yHUX Kpumepiig i3 3acmocysaHHsIM rpogpamu Minitab 16. 15
aHav1isy rnepesipku po3rnoodily Ha HopMa/ibHicmb BUKOpUCMoByBa/iu mecm Kosimozaoposa — CMipHosa. NopisHosa-
JIU yeHmpasibHi meHAeHyii 080X He3as1exHUX BUBIPOK i3 3acmocysaHHAM U-kpumepito MaHHa — YimHi U 08i He3a-
JIEXKHI BUBIPKU 3 BUKOPUCMAaHHSIM Kpumepito CmbtooeHma.

Pe3ysibmamu U 062080peHHs1. BcmaHosneHo, wo smvicm 1/1-1B3, 1/1-6 ma ®HIM-a 8 nepugpepudHil Kposi
XBOPUX Ha h/ie2aMOHO3HUl aneHouyum 6y8 3Ha4Ho 6i/ibwuM (p<0,001) B8i0 3HaYEHb aHa102i4HUX Npo3anasibHuUX
YUMOKIHIB Y KOHMPO/IbHIl epyri. PiBeHb CynpecusHUX YUMOKIHIB Mpu MepumoHimi makox 3Ha4Ho niosuulysascsi
i KoHyeHmpauyisi 1/1-10 U T®P-B docmosipHO 3pocmasia nopiBHAHO 3 aHa/1I02i9HUMU MOKa3HUKaMU KOHMPO/IbHOT
epynu. OmpumaHi 0aHi csiduamse Mpo HasiBHICMb CUHep2i3My 8 Oii Mpo3anasbHUX ma CyrnpecusHUX YUmokiHis
rpu iMyHHIU B8iOMN0OBIOI Ha CUCMEMHOMY PIBHI Yy XBOPUX Yy OUHaMIUi pO3BUMKY 20Cmpo20 ¢b/ie2aMOHO3HO20 arneHou-
yumy.

BucHosku. 'ocmpe 3anaseHHs npu ¢b/ieeMOHO3HOMY MepumoHimi xapakmepu3lyemscsi CUHep2i3MoM y Ol
rpo3anasibHUX ma CyrnpecusHUX YUMOKIHIB y XBOPUX Ha MepuUmMOHIm rpu iMyHHIl 8i0rnosidi Ha cuCmeMHOMY PiBHI
(8 nepucghepuyHili Kposi). Takox 3Ha4HO 36i/IbWyembCsi Kilbkicmb (p<0,001) npo3anaibHux (I/1-103, 1/1-6, ®HI-a)
ma cynpecusHux (1/1-10, T®OP-B) yumokiHig y nepuchepuyHil Kposi nayieHmIs 3 ¢h/1Ie2MOHO3HUM epUMOHIMoM.

K/TKOYOBI C/IOBA: nepuTOHIT; uuToKiHm I/1-1B, 11-6, 1/1-10, ®HIM-a, THOP-B; 3ananeHHs.

. A. KytoH
HALIMOHA/IbHbLIVI MEAVUMHCKWA YHUBEPCUTET UMEHW A. A. BOTOMO/IbLIA, KUEB

YPOBHU ITPOBOCITAJIUTEJ/IBHBIX U CYIIPECCUBHBIX IUTOKNHOB
B IEPU®EPUYECKON KPOBU BOJ/IbHBIX ®/TETMOHO3HBIM ITEPUTOHUTOM

Pestome

BcmynneHue. Cpedu xupypaudeckux 3abosiesaHuli nepumoHuUm sis/isemcsi 00HoU u3 Haubosiee onacHbIx 0718
)KU3HU namoysio2uli U xapakmepu3yemcsi B0CNa/IeHUEM KaK Ha /IOKa/lbHOM, Mak U Ha CUCMEMHOM yposHsix. Ornpe-
desieHUe Meduamopos BOCra/IeHusl B nepughepuyeckoli KposU U NepumoHeasibHOU XUOKOCMU U UX KO/TUHECMBEH-
Hble roKkasamesiu XU3HEHHO Ba)kHbI 8 Oua2HOCMUKe 3mo20 3abosiesaHusl. BbICOKUE YpOBHU OaHHbIX Meduamopos
0COBEHHO BaXKHbI 07151 OrpPedesIeHUsT Ha/Iu4Usi OC/IOXKHEHUU, 0COBEHHO C /iemasibHbIM 3aBepuieHUeM 60/1e3HU.

Liesib uccnedosaHusi — U3y4ums yPOBHU NPOBOCIa/IUME/IbHbIX U CYNPEeCCUBHbIX YUMOKUHOB 8 nepughepuyec-
Kol KpoBU 60/1bHbIX U UX CPaBHUME/TIbHYH0 Xapakmepucmuky y nayueHmos ¢ cepo3HO-hubPUHO3HbLIM NepumoHuU-
mom.
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MemodsI ucciedosaHus1. B uccnedosaHuu 6b1/10 UCMOb308aHO Mamepuarsl, Nosy4eHHbId om 90 nayueHmos
C CEPO3HO-(hUBPUHO3HbLIM MepumoHUmMoM. KOHmMposibHas epyrnna cocmosizia u3 98 npakmuyecku 300p08bIX /Uy
(8o10HMepos). Om Bcex nayueHmos U B0/I0HMEPOB Mos1yHeHO 006P0BO/ILHOE MUCLMEHHOE co2/1acue Ha yHacmue
8 HaY4YHOM UCC/1IE00BaHUU, Ha KOMOPoe ecmb paspeweHue KoMuccuu no uoamuke. CooepxxaHue YumoKUHO8 B
nepugpepuyeckol Kposu UCC1e008a/1u UMMYHOhEepMEHMHbIM MemoOdoM C UCMO0/Ib30BaHUEM peakmusos “Bek-
mop-becm”. Onmuyeckyro rn10mHocme onpeoesisi/iu Ha aHasiuzamope STAT FAX 303 PLUS (CLUA). KoHyeHmpa-
yuro Bblpaxasiu 8 ne/Ms. Bce nosy4deHHble pe3ysibmamai Obl/IU MOOBEPXKEHBI Cmamucmu4eckoli obpabomke 07151
rMapamempuyeckux U HernapamMempuy4yecKux Kpumepues C npumMeHeHueM npozpammbsi Minitab 16. [ns aHaiusa
MPOBepPKU pacrpeoesieHUs Ha HOpMasbHOCMb UCMo/b308asiu mecm Kosimozoposa — CMupHosa. CpasHusasiu
yeHmpasibHble meHOeHYuUU 0ByX He3aBUCUMbIX BbIOGOPOK C npumeHeHuem U-kpumepusi MaHHa — YumHu u ose
He3asuCUMble BbIGOPKU C UCIM0/1b30BaHUEM Kpumepusi CmblooeHma.

Pe3ysibmambi u o6¢cyx0eHue. YcmaHos/1eHo, Ymo codepxaHue V/1-13, N/1-6 u @PHO-a 8 nepughepuyeckoli
KpOBU 60/1bHbIX (h/1€2MOHO3HbIM arneHoUYumom 6b1/10 3Ha4umesibHo 6osbwe (p<0,001) om 3Ha4eHull aHas102uy-
HbIX [POBOCMA/IUME/IbHbIX YUMOKUHOB B KOHMPO/IbHOU 2pyrne. YpoBeHb CynpPeCcCUBHbIX YUMOKUHOB Mpu rnepumo-
HUMe makxxe 3Ha4umesIbHO MoBbIWAa/ICS U KOHYeHmpayusi V/1-10 u TPP-3 docmosepHO Bo3pacmasia ro cpasHe-
HUIO C aHa/102u4HbIMU roKasame/sisiMu KOHmMpo/ibHol 2pyniibl. [10/1y4eHHbIe 0aHHbIe cBUOemeIbCmayom O Haslu-
4uu cuHepausma 8 delicmsuu MPOBOCNA/IUMESIbHbLIX U CYNMPeccusHbIX YUMOKUHOB Npu UMMYHHOM omseme Ha
cucmeMHOM ypoBHe y 60/IbHbIX 8 OUHaMUKe pa3sumusi ocmpo2o ¢h/1e2aMOHO3HO20 anneHouyuma.

Bb1800bI. Ocmpoe BocrnasieHue rnpu g/ie2MOHO3HOM MEPUMOHUME xapakmepu3yemcsi CUHep2u3MoM 8 oel-
CMBUU MPOBOCHAIUME/IbHbIX U CYyNPEeCcCUBHbLIX YUMOKUHOB y 60/1bHbIX MEPUMOHUMOM rpu UMMYHHOM omseme Ha
cucmeMHOM yposHe (8 nepughepudeckoll Kposu). Takxe 3Hadume/ibHO ysesaudusaemcsi Kosudecmso (p<0,001)
nposocnanumesibHbIx (W/1-18, N/1-6, ®HO-a) u cynpeccusHbix (U/1-10, TOP-3) yumokuHo8 8 rnepugepudeckoli
KpoBsU nayueHmos ¢ ¢b/1e2MOHO3HbIM MepumoHUMom.

KNHKOYEBbLIE C/TOBA: nepuTOHUT; LTOKUHBLI U/1-13, /1-6, -10, PHO-a, TPP-3; BOCNasieHue.
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