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Dynamics of proinflammatory cytokines
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Despite the continuous improvement of diagnosis and treatment, phlegmons of the maxillofacial area is one
of the first places in the clinic of maxillofacial surgery. The concentrations of proinflammatory cytokines 6,
8, 17 were estimated in the serum of patients with this pathology with different spread of inflammation in
the dynamics of treatment. It is shown that the level of cytokines in the patients under research was higher
than in the control group. It is established that maintaining high concentrations of interleukin-6 (IL-6,
14.6-34.8 ng/l), IL-8 (17.3-26.8 ng/l), IL-17 (17.0-20.9 ng/l) during the treatment period (9 days) leads
to complications, progression of inflammatory processes. Thus, excessive production of cytokines leads to
the appearance of severe pathological conditions in a human body. During the treatment, a strong direct
correlation between IL-6 and IL-17, and IL-8 and IL-17 was established which may indicate a combined
synergistic effect of the studied cytokines. Evaluation of the level of the cytokines during the disease can be
important for determining treatment strategy of patients with phlegmons of the maxillofacial area.
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INTRODUCTION

Pyoinflammatory pathological states have been
the topical issue in the maxillofacial surgery.
Thus, according to the latest data odontogenic
phlegmons cause 30-40% of all maxillofacial
diseases allowing to regard this pathology
not only as a medical problem but also as an
important social issue [1-3]. In 65% of all
cases the clinical pattern phlegmons of the ma-
xillofacial area is inconsistent with the topical
diagnostics and the relevant local manifesta-
tions making it difficult to provide early and
precise diagnostics as well as the required care
delivery [4]. The quantity of patients with the
vague clinical pattern and inert course of disease
have been increasing making the diagnostics
of inflammatory complications coursed by
phlegmons (mediastinitis, intracerebral comp-
lications, sepsis, facial vein and cavernous sinus
thrombosis) more challenging [5, 6].
Cytokines (interleukins — IL) serving as the
immune system mediators perform the universal
regulatory function [7-9]. IL-7 was proved to

regulate and activate the synthesis of IL-6 and
IL-8[10, 11]. The activation of macrophage and
neutrophil chemokinesis in the inflammation
focus area is the key immunobiological role of
IL-17. IL-17 is generated by T-helpers [12—-14].
IL-6 links cells in the inflammation focus and
other tissues to achieve the most adequate
response and agent’s elimination. IL-6 is the
main finishing stage inducer of the macrophage
and B-lymphocyte differentiation [15, 16]. [L-8
is one of the early inflammation mediators
referring to the chemokine group. It plays a
significant role in causing and maintaining
inflammation, in the migration of neutrophils
into the inflammation focus and in the activation
of the adhesion molecule synthesis. The activa-
ted macrophages, monocytes and endothelial
cells are main IL-8 producing cells [17, 18].
In the up-to-date clinical practice the
treatment result depends on the early and rele-
vant diagnostics, therapeutic approaches with
due account for the special aspects of the wound
process course. The investigation of cytokine
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immune regulation mechanisms revealed in
the course phlegmons of maxillofacial area is a
topical medical issue.

The aim of the research is to investigate the
dynamics of the amount of IL-17, IL-6, IL-8 in
the blood serum of patients with phlegmons of
the maxillofacial area._

METHODS

35 apparently healthy people (the observa-
tional group) were examined, 34 of which
were suffering from phlegmons localized in
one anatomical area (the 1% group), phlegmons
located in two anatomical groups (the 2™ group)
were revealed in 35 patients; the localization of
phegmons in three or more anatomical areas was
observed in 20 patients (the 3" group). Diagno-
sis was determined according to the patients
complaints, disease and life history, objective
and local status, clinical and laboratory tests.
The patients underwent surgical intervention,
the suppurative focuses were prosected, postsur-
gical wounds were drained and the “causative
teeth” were removed.

The level of IL-6, IL-8 and IL-17 in the
blood serum was defined by applying enzyme
multiplied immunoassay using the set of
chemical agents and following the instructions
set by the “Diaclone” producer (France). Exa-
mination was conducted three times: before
treatment (the 1% day), on the 5" and 9t days
following the surgery.

The correct allocation received in the prima-
ry results was reviewed by applying Shapiro
Wilk test having shown the evidence of the
Gaussian allocation type. The research results
are shown as arithmetic average values and
standard deviations (M=£m). t Student criterion
along with Bonferroni’s adjustment were applied
for estimating possible differences between the
two groups. The correlation relations between
the received indexes were studied by applying
Pearson’s code. Main calculations were made
in Excel 2013.
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RESULTS AND DISCUSSION

The level of IL-6, IL-8 and IL-17 revealed in the
observational group and in patients is shown in
Table 1-3. The level of cytokines observed in the
blood serum of patients under study was higher
than that in the observational group.

The possible changes of IL-6 level as com-
pared to the control carried out on the 15t and 9t
day were not revealed in the 1% group. The IL-6
level in the 2" group was exceeding the control
rate and the 1% group indexes (P<0.05) during
9 days but was apparently the same on the 1%,
5™ and 9™ days. This index was 5 times higher
on the 1% day in the 3" group as compared to
the 1%t group, 1.6 times higher than in the 2™
group and 3.8 times higher than in the obser-
vational group (P<0.05). The 1.5 decrease of
cytokine level (P<0.05) in comparison with the
previous value was observed being apparently
caused by the process chronization: the period
with no clinical manifestations and the residual
purulence revealed after suppurative focuses
have been prosected and drained. The increase
of IL-6 level in 2.4 times was observed on the 9t
day. IL-6 penetrates into the system circulation
causing distant affects. The decrease of IL-6 fol-
lowed by its sharp rise without any satisfactory
dynamics is a predictably unfavourable factor
that shall be taken into consideration while giv-
ing the integrated evaluation of indications for
planning the treatment of a suppurative wound.
The increase of IL-6 generation gives evidence
of the protective mechanism required for the ini-
tial inflammation stage. Nevertheless, in cases
when an inadequate increase of the activation
degree is revealed the protective mechanism
turns into a pathological one.

IL-6 activates the surrounding tissues and IL-8
is a chemokine for hemophage causing inflamma-
tion. The highest IL-8 level (13 times exceeding
the control rate) was revealed in the 3" group on
the 1% day (P<0.05) complying with the maximum
activation of immune cells in the inflammation
focus and allowed to predict a more severe course
of disease. A tendency of IL-8 decreasing up to the
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Table 1. The level of IL-6 in blood serum of patients with phlegmons of the maxillofacial area (ng/l)

Research terms

Test pattern, Research groups

the Istday | theshday |  the 9" day
Control rate 5.8+0.4 5.8+0.4 5.8+0.4
Phlegmongs
in one area (the 15 group) 4.3+0.3 7.3+£0.2%* 6.2+0.3
in two areas (the 2" group) 13.6+£0.2% ** 12.4+0.3% ** 11.4£0.5% **
in three and more areas (the 3™ group) 22,340, 3% F* F** 14.6£0.7*,** 34 .8+0.3% ** ***

Note. Here and in Tables 2, 3:* P<0.05 as compared to the control rate; ** P<0.05 as compared to the 15t group;

#%% P<(.05 as compared to the 2" group.

9t day was observed in the course of treatment,
though the index was 7 and 8.6 times apparently
exceeding the control rate in the 2"d and 3" groups
correspondingly. The increase of cytokine level in
the examined groups complied with the severity
of phlegmons manifestations. Correspondingly,
the increased IL-8 level in blood serum intensifies
the local inflammation process.

One should note that the possible increase
of IL-17 level in patients suffering from phleg-
mons of the maxillofacial area is the evidence
of severe inflammation. A positive dynamics
was observed in the 15 group: the level of IL-17
decreased 1.8 times on the 9" day in comparison
with the 1% day and was approaching the normal
physiological rates. The apparent decrease of
IL-17 level was revealed in the 2" group being
3 times higher than in the observational group
on the 9" day. The received result proves the
evidence of a highly activated inflammation
process. On the 5™ day cytokine under study
decreased in the 3" group as compared to the ini-
tial value at that exceeding the relevant indexes
of healthy people (P<0.05). The level of IL-17
on the 9" day increased as compared to the 5

day (P<0.05): apparently exceeding the control
rate, the 1% and the 2" groups in 8.5, 5.7 and
2.7 times correspondingly. Thus, the high level
of IL-17 shows the disease severity, ineffective
treatment and the risk of possible complications.

The levels of IL-6, 1L-8 and IL-17 decrease
in parallel with the regression of clinical symp-
toms though being still increased and, thus,
indicating inflammation.

Comparing the outcomes of the groups
under study one should note that the excessive
production of cytokines on the 9" day gives
evidence to the inflammation generalization and
to the turning of a local process into a systemic
one requiring treatment correction.

Pair correlation coefficients between pro-
inflammation cytokines in patients with phleg-
mons of the maxillofacial area were defined.

In case of no pathology and under normal
conditions subtle correlation relations are ob-
served in immune system allowing for a reason-
able correction of slight homeostasis deviations
inducing no stress in the system. In cases phleg-
mons of the maxillofacial area and with evident
pathological findings the density and quantity

Table 2. The level of IL-8 in blood serum of patients with phlegmons of the maxillofacial area (ng/l)

Research terms

Test pattern, Research groups

the 1% day | the 5 day | the 9" day
Control rate 2.0+0.2 2.0+0.2 2.0+0.2
Phlegmons
in one area (the 15 group) 6.3+0.2* 5.240.6* 3.5+0.4
in two areas (the 2" group) 19.6+0.2% ** 17.6+0.4% ** 14.4+0.3% **
in three and more areas (the 3" group) 26.8£0.5% ** Hk*x 21.440.3% ** 17.3+0.2% **
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Table 3. The level of IL-17 in the blood serum of patients with phlegmons of the maxillofacial area (ng/l)

Research terms

Test pattern, Research groups

the Itday | the5™day | the 9 day
Control rate 2.2+0.8 2.24+0.8 2.24+0.8
Phlegmons
in one area (the 15 group) 5.5£0.4* 4.7+0.3* 3.3+£0.1
in two areas (the 2" group) 13.5£0.7% ** 9.5+0.4%* ** 7.0£0.4% **

in three and more areas (the 3™ group)

20.9+0.4% **

17.040.4% % ks 18 Q1) O ok ko

of correlation relations is increased. Thus, the
change of one index results in the change of
other immune system indexes being not always
reasonable. The comparative analysis of cor-
relation links between the levels of IL-6, 1L-8
and IL-17 in blood serum the phlegmons local-
ized in three and more anatomical areas show

strong positive correlative relations: IL-6 vs IL-8
(r=+0.69, =+0.62, P<0.05) on the 1! and 5%
days correspondingly, IL-6 vs IL-17 (r=+0.87,
P<0.05) and IL-8 vs IL-17 (r=+0.83, P<0.05)
on the 9" day. It reflects the involvement of
cytokines in the activation of the inflammation
response: the progress of this pathological find-

Table 4. Correlation coefficients of the interleukins in cases with phlegmons of maxillofacial area

Research terms, different

Research groups

types of interleukin combi-

Phlegmons in one area

Phlegmons in two areas | Phlegmons in three and

nation (the 1% group) (the 2™ group) more groups (the 3™ group)
The 15t day
IL6 vsIL 8 0.37% -0.66%* 0.69%
IL 6 vs IL 17 0.36* 0.47* 0.45%
IL 8 vs IL 17 0.16 0.51%* 0.43%*
The 5™ day
IL6 vsIL 8 0.45% 0.47* 0.62%
IL 6 vsIL 17 0.20 0.55% 0.50%*
IL 8 vs IL 17 0.36%* 0.56%* 0.55%
The 9™ day
IL6 vsIL 8 0.33% 0.39% -0.76*
IL 6 vsIL 17 0.12 0.53* 0.87*
IL 8 vs IL 17 0.18 0.42* 0.83%
* apparent correlation coefficients
ing is caused by the activation of IL-6, IL-8, CONCLUSIONS

IL-17 generation.

The establishing of critical levels of cy-
tokines involved in phlegmons of the maxil-
lofacial area immunogenesis (IL-6 (14.6-34.8
ng/l), IL-8 (17.3-26.8 ng/l), IL-17 (17.0-20.9
ng/l)) is important information pointing at the
necessity of the relevant care delivery aimed at
the prevention of possible complications and
vocational rehabilitation.
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1. The identified indexes of 1L-6, 1L-8, 1L-17
level in blood serum prove that the cytokine
regulation of the immune response in cases in
phlegmons of the maxillofacial area is necessary
for the development of adequate protective
body reactions for the insertion of a pathogenic
agent while the regulation disruption causes the
progress of a pathological process.

2. The high level of IL-6 (14.6-34.8 ng/l),
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IL-8 (17.3-26.8 ng/l), IL-17 (17.0-20.9 ng/l)
during the treatment period (observation was
made for 9 days) indicates the increased risk
of complications and the pyoinflammatory
progression.

3. The received data shows the possible
relations between the levels of IL-6, IL-8, IL-17
in blood serum and the course of disease: severe
clinical manifestations are associated with a high
level of cytokines. The revealed correlation links
between the cytokines under study prove the
important role played by IL-6, IL-8, IL-17 in the
phlegmons of the maxillofacial area pathogenesis
and the development of complications. Strong
direct correlation relations between 1L-6, 1L-8,
IL-17 are the most evident.

4. As far as the levels of IL-6, IL-8, IL-
17 in blood serum of patients suffering from
phlegmons of the maxillofacial reflect the degree
of inflammation activation and serve as an
important immunological factor, the research of
cytokine in their dynamics is a promising trend
for defining treatment strategy and for applying
an individual approach towards every patient.

5. The apparent parallelism of decreasing IL-
6, IL-8, IL-17 levels can indicate the combined
synergetic effect of the studied cytokines.

V.. Maroanu, O.3. Macua-Yaua, JI.€. JlanoBeup,
B.B. Ixypan

JTUHAMIKA MTPO3AIAJBHUX IUTOKIHIB
MPU ®JETMOHAX HEJENHO-JIULEBOIL
NIJISTHKHA

OrerMoHH IIEIeTHO-THIeBOi AIITHKH, HE3BaXKAIOUN Ha
BIOCKOHAJICHHS JIIKYBaHH 1 JIarHOCTHUKH, MOCIIAIOTh OJHE
3 MEepIINX MICIb y KIIHIII [IelenHo-nuueBoi xipyprii. lo-
CJTI/KEHO BMICT TpO3araibHUX IIUTOKIHIB 6, 8, 17 y cupoBaTii
KpOBI XBOpHUX 3 ()IETMOHAMH IIENIEITHO-JIMLEBOT TUITHKH B
JMUHaMII JTikyBaHHs. [loka3aHo, 1110 BMICT IUTOKIHIB Y IUX
nanieHTiB OyB BUILMM, HDK y KOHTPOJIbHI rpymi. Bcranosmne-
HO, 110 30epeKeHHsT BUCOKOTO BMicTy iHTepinelkiny-6 (IL-6,
14,6-34,8 ur/m), IL-8 (17,3-26,8 ur/mn), IL-17 (17,0-20,9 ur/m)
MPOTSITOM Tepioxy JiikyBaHHsI (9 11i0) PHU3BOAMTB 10 PO3BUTKY
YCKJIaTHeHb, NPOTPECYBaHHs THIHO-3aIaJIbHOTO TPOIIECY.
OTxe, HaAMIpHA TPOAYKILS UTOKIHIB MPU3BOAUTH 10 PO3-
BUTKY Ba)XKNX HAaTOJIOTIYHUX CTAHIB y OpraHi3mi. ¥ nuHamini
JIKyBaHHs BCTQHOBJICHI CHJIBHI MPSIMI KOPEISIiHHI 3B’ SI3KH
Mix IL-6 ta IL-17, IL-8 Tta IL-17, 1110 MOXXYTh BKa3yBaTH Ha
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HO€HAHUI CHHEPTIHHUN BIUTHB JOCIIIKYBaHUX [IUTOKIHIB.
OriHka BMIiCTY LUX LMTOKIHIB y JUHaMIlll 3aXBOPIOBAHHS
MOJKE OYTH Ba)KITHBOIO JIJIsl CBOEYACHOTO BUSIBIICHHSI YCKIIA -
HEHb, BU3HAYCHHS CTPATErii JTiKyBaHHs XBOPHX Ha (JICTMOHH
EJIEITHO-TUIEBOT TIISTHKH.

KitrouoBi citoBa: (GyierMOHH MISICITHO-IUICBOT MIISHKH; 1H-
TepIieiiKiH-0; iHTepeiikin-8; inTepieiikin-17.

V.JI. Marosnu, O.3. Macua-Yauxa, JL.LE. JlanoBen,
B.B. lxypan

JTUHAMMKA IPOBOCHAJHUTEJBHBIX I[U-
TOKHWHOB ITPU ®JIETMOHAX YEJIIOCTHO-
JIMIIEBOM OBJIACTH

DiierMoHbI YENIOCTHO-JIUIEBON 001acTH, HECMOTPSI Ha CO-
BEPILICHCTBOBAHUE JICUCHUS U TUArHOCTHKH, 3aHUMAIOT OJJHO
U3 MEPBbIX MECT B KIMHUKE YEIIFOCTHO-TULEBON XUPYPrUH.
HccnenoBanel conepkaHue MPOBOCHATUTEIbHBIX LIUTOKH-
HOB 0, 8, 17 B CBIBOpOTKE KpPOBH OONBHBIX C (hierMOHaMU
YeJIFOCTHO-JIMLIEBON 00JIaCTH B TMHAMHUKE JieueHust. [lokazaHo,
4TO COZIepIKAaHHE [IUTOKHMHOB Yy ATUX MAalMEHTOB OBLI BBIIIE,
4YeM B KOHTPOJIbHOM IpymIe. YCTaHOBICHO, YTO COXPaHEHUE
BBICOKOTO coziepxaHusi uurepieiikuna-6 (IL-6, 14,6-34,8
ur/mn), 1IL-8 (17,3-26,8 ur/n), IL-17 (17,0-20,9 ur/nx) B Te-
YeHUM nepuoza JieueHus (9 cyToK) NPUBOIUT K Pa3BUTHUIO
OCJIO)KHEHHUH, TPOTrPEeCCUPOBAHNIO THOHHO-BOCIIAIUTEILHOTO
nporecca. Mrak, n30bITOYHAs IPOAYKIHUS LIUTOKMHOB TIPH-
BOJUT K Pa3BUTHUIO TSDKEJIBIX MATOJOIMYECKUX COCTOSHUN B
oprau3Me. B 1nHaMuKe JIeUeHUs] YCTAHOBJICHBI CHIIBHBIC
npsiMble KOppesuoHHbIe cBs3u Mexxay IL-6 n IL-17, IL-8 n
IL-17, xoTopBble MOT'YT yKa3blBaTh Ha COBMELIECHHOE CHHEPTe-
TUYECKOE BO3JEHCTBHE UCCIIEYyeMbIX IUTOKMHOB. OLIeHKa CO-
JIepAKAHUS ATUX LIUTOKUHOB B IMHAMUKE 3200JI€BaHUS MOXXET
OBITh B)KHOM JU151 CBOEBPEMEHHOT'O BBISIBIICHUSI OCJIOKHEHUIH,
OMpEC/ICHUE CTPATEIHU JICUCHUSI OOJBHBIX C (hIIeTMOHAMHU
YEeJII0CTHO-JINIIEBOH 00IacTy.

KiroueBbie ciioBa: (GierMOHbBI YCITIOCTHO-TUIICBON 001acTH;
UHTEPJICHKUH-6; HHTEePICHKUH-8; UHTepIIeHKIH-17.
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