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The role of cytokines in the pathogenesis of infectious complications

in surgical treatment of obstructive jaundice of gallstone origin
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ABSTRACT

Aim. To study the content of cytokines in the blood serum of patients with obstructive jaundice of gallstone origin
before and after surgical treatment, depending on the development of postoperative complications.

Materials and methods. The treatment group consisted of 70 patients with the diagnosis of obstructive jaun-
dice of gallstone origin, verified following a comprehensive clinical and instrumental examination. In 54 patients,
the postoperative period was uncomplicated, and in 16 patients, various infectious complications in the postop-
erative period were revealed. The control group consisted of 125 healthy volunteers. The concentration of six
cytokines (interleukin (IL)-2, IL-4, IL-18, IL-10, tumor necrosis factor alpha (TNF a), and interferon gamma
(INF 7)) was determined using reagent kits manufactured by Vector-Best LLC (Novosibirsk, Russian Federation)
by enzyme-linked immunosorbent assay on the Thermo Scientific analyzer (BioMerieux, France).

Results. We identified significantly high concentrations of proinflammatory cytokines in the blood serum of patients
with obstructive jaundice of gallstone origin upon admission, compared with the data obtained in the study of blood
serum in the control group and in patients with obstructive jaundice after surgery. In the postoperative period in
patients with obstructive jaundice without complications, the proinflammatory cytokines are significantly reduced
and IL-4 is increased, whereas with the development of infectious complications, the level of proinflammatory
cytokines is significantly elevated.

Conclusion. In the pathogenesis of obstructive jaundice, a local inflammatory process plays an essential role. This
is confirmed by statistically significant changes in the studied cytokines. The established increase in the concen-
tration of IL-4, which has anti-inflammatory activity, indicates its importance in the mechanisms underlying the
absence of infectious complications in the postoperative period of obstructive jaundice of gallstone origin. The
revealed increase in the levels of IL-18, TNFo, and INFy in the blood serum of patients suggests their role in the
pathogenesis of infectious complications in the postoperative period of obstructive jaundice of gallstone origin.
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Posb LUUTOKMHOB B MNMNaToreHese VIH(I)eKLI,MOHHbIX OC/10’KHEHUM
npu XUpypru4ecKkom /1e4HeHnu MeXaHU4YeCKOoM XKENATYXU XKE€/NHHOKAMEHHOro
reHesa

CmupHosa 0.B., EnmanoBa H.T.

Hayuno-uccnedosamenvcxuii uncmumym meouyunckux npoorem Cesepa (HUU MIIC), @edepanvhulii
uccneoosamenvckuil yeump «Kpacnospcekuii nayunwiii yenmp Cubupcrkoeo omoenenus Poccutickotl akademuu Hayk»
(UL KHL] CO PAH)

660022, 2. Kpacnosipck, ya. llapmusana Kenesusaxa, 32

PE3IOME

Henab. N3yunts coaepkanrne HTUTOKMHOB B CHIBOPOTKE KPOBH MALIUEHTOB C MEXaHUUECKOM JKENTYyXO0H sKeTuHOKa-
MEHHOTO T€HE3a JI0 U MT0CJIe XHUPYPTUIECKOTO JICYCHHUS B 3aBHCUMOCTH OT Pa3BUTHS IIOCIEONEPAIOHHBIX OCIIOXK-
HEHUH.

Matrepuaisl 1 MeToabl. OCHOBHAsI rpyIIa cocTosiIa n3 70 maueHToB ¢ Bepru(UINPOBaHHBIM Ha OCHOBAaHUH KOM-
IJIEKCHOT'O KIIMHUKO-UHCTPYMEHTAJILHOT'O O6CIICZ[OBaHI/l${ JAUAarHo30M «MEXaHUYCCKas XKEJITyXa KEITTYHOKAMEHHOI'O
reHesay. Y 54 OOJbHBIX MOCIICONEPAlMOHHBIN epro] ObLT 6e3 OCIOKHEeHUH 1 Y 16 GONBHBIX BBIIBISUTHCH Pa3-
JTU4YHbIe MH(QEKINOHHBIE OCIIOXHEHHUS B TOCjIeonepanuoHHoM nepuoje. KoHTponbHyo rpymnmy coctaBuig 125
NPaKTHYECKH 37I0POBBIX A0OPOBOJbLEB. KoHIEeHTpanuio mecTu UMTOKUHOB (MHTepaeikuna (IL) 2, IL-4, IL-18,
IL-10, ¢axropa Hekposa omyxonu o (TNFa), untepdepona y (INFy)) ompenensuin ¢ ucnosbp3oBanieM Habopa
pearentoB mpousBonactBa 3A0 «Bekrop-bect» (r. HoBocrOHpCK) MeT0oJ0M MMMYHO(pEPMEHTHOTO aHajin3a Ha
nMMyHo(bepMeHTHOM ananu3arope Thermo Scientific (BioMerieux, ®panuns).

Pe3y.]'[l>TaTbI. YCTaHOBICHO HAJIMYME CTATUCTUYECKA 3HAYMMO BBICOKHX KOHHGHTpaIII/Iﬁ IPOBOCHAJIUTEIILHBIX
LIUTOKMHOB B CBIBOPOTKE KPOBU IMAIUECHTOB C MEXaHUYECKON )KeJ'[TyXOﬁ JKCJITMHOKAMEHHOTO I'€HE3a Ipu
TOCTYIIJICHUU OTHOCHUTEJIBHO JaHHBIX, IMMOJYYCHHBIX ITPU UCCIICJOBAHUU CbIBOPOTKU KPOBU KOHTpOJ’II;HOﬁ TpyHnIbl
1 OOJIbHBIX ¢ MEXaHUYECKOU )I(eJ'ITyXOﬁ IocJI€ onepamnunu. B NOCJICONICPATUOHHOM EPUOAC Yy MNAIIUEHTOB C ME-
XaHUYCCKOM )KeﬂTyXOfI 0€3 OCIIOKHEHHUI CTATUCTUYECKH 3HAYMMO CHIDKAIOTCS MOKa3aTelln IPOBOCHAJIUTEIILHBIX
IUTOKMHOB U YBCINYNUBACTCSA IL-4, a Ipyu pasBUTHHU I/IH(beKHI/IOHHI)IX OCJIOKHEHUH — CTAaTUCTUYCCKU 3HAYUMO
YBEJIMYUBACTCA YPOBEHDL IMTPOBOCHAIUTEIIbHBIX HUTOKUHOB.

3aka04yenne. B natoreHese MexaHHIECKOH XKENTYXH BaXKHYIO POJIb UTPAET JIOKAIBHBIH BOCTIAUTEIBHBIH ITPOIIEeCC.
OT0 mOATBEpXKIAETCS CTATHCTUYECKH 3HAYMMBIMH H3MEHEHUSIMH H3yYaeMbIX IIUTOKHHOB. Y CTaHOBJICHHOE
HapacTaHHe KoHIeHTpanuu IL-4, oGmamaromero MpOTHBOBOCHAIHMTENBHON AKTHBHOCTBIO, CBUACTENBCTBYET O
€ro 3HaYMMOCTH B MEXaHU3MaxX OTCYTCTBHUS DPa3BUTHS HHGEKIHOHHBIX OCIOXXHEHHH B IOCIEONEpanuOHHOM
MepHOJIe MEXAaHWIECKOH JKeNTyXH JKeITYHOKAMEHHOTO TeHe3a. BBIIBICHHOE IMOBEIIIEHHE B CHIBOPOTKE KPOBH
ypoBas IL-18, TNFa, INFy mo3BosieT mpeArnonoKuTe X yJacTue B MATOTeHe3e WHPEKIIMOHHBIX OCIOKHCHUH B
MIOCJICOTIEPAIIMOHHOM HIEPHO/iE Y MAIIMEHTOB C MEXaHMYECKON JKEeITyX0i )KEeITTHOKaMEHHOTO TeHe3a.

KiwoueBbie ciioBa: IUTOKHHBI, MAaTOIC€HE3, IMOCJICOIICPAIIMOHHBIC OCJIIOKHEHHS, BOCHAJICHUE, MCXaHU4YCCKas
KEJITyXa.

KoHpanKT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IUKTOB UHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTosIeH CTaThU.

HUcrounuk punancupoBanus. VccienoBanue nmpoBoAMIIOCH 3a CUET CPENCTB rocynapcTBenHoro 3ananus HUN
MIIC ®UIL KHIT CO PAH.

CooTBeTCTBHE NPUHIMIIAM 3THKHM. Bce ydacTHHUKM ToAnucand HHGOPMHUPOBAHHOE COTJIacHe Ha y4acTHe B
uccnenosanun. Mccnenosanne ogodpero HUM MIIC (mpotokon Ne 7 ot 16.11.2012).

Jist nurupoBanusi: CvupHoBa O.B., Enmanosa H.I'. Ponb uToKMHOB B maTorene3e HHPEKIIMOHHBIX OCIIOKHE-
HUH TIPH XUPYPTrHYECKOM JICUCHUH MEXaHHMYECKON JKeNTYXH KEITYHOKaMEHHOTo TeHesa. browiemens cubupckoi
meouyunst. 2021; 20 (3): 105-111. https://doi.org/10.20538/1682-0363-2021-3-105-111.
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INTRODUCTION

Obstructive jaundice (OJ) is an acute clinical con-
dition caused by the appearance of an obstacle to the
outflow of bile in the duodenum [1]. OJ of benign
genesis is commonly caused by gallstone disease.
Currently, many researchers point to the increasing
number of patients with OJ in many countries of the
world, therefore, OJ is a medical and social problem
of modern society [2, 3]. The pathogenesis of OJ is
complex; the development of a local and systemic in-
flammatory response and endotoxicosis contributes to
destruction and disorganization of the gastrointestinal
tract and requires urgent surgical aid to restore paten-
cy of the bile ducts and eliminate all complications
[4-7]. Considering the data of numerous studies on
the leading role of the destructive and inflammato-
ry process in the pathogenesis of OJ, which directly
involves cytokines, it can be assumed that signs of
imbalance in cytokine production affect the course
of the postoperative period in patients with OJ. The
data of such studies are ambiguous and few in number
[8-101].

Following tissue infection in the postoperative
period, a patient with OJ develops a complex, mul-
ticomponent sequence of reactions aimed at isolating
and destroying the pathogen, preventing tissue de-
struction, triggering repair processes, and restoring
homeostasis. The initiation and development of the
inflammatory response is controlled by proinflam-
matory cytokines produced by T cells, neutrophils,
and macrophages in response to a bacterial pathogen.
Cells of the immune system produce IL-2, TNF-a,
INF-y, and IL-8. Proinflammatory cytokines play a
protective role by stimulating the phagocytic and bac-
tericidal activity of neutrophils and macrophages and
triggering antigen-specific immunity aimed at elimi-
nating the pathogen. The protective role of proinflam-
matory cytokines is carried out when mediators work
locally in the focus of inflammation, while system-
ic overproduction of these cytokines contributes to
the appearance of toxic shock syndrome and organ
dysfunctions. To overcome excessive manifestations
of systemic inflammation in a patient with OJ, nega-
tive regulation mechanisms are activated due to the
production of anti-inflammatory cytokines (IL-4 and
IL-10) and soluble inhibitors of proinflammatory cy-
tokines. The basis of the pathogenesis of infectious
complications in the postoperative period in OJ is
the development of cytokine storm, which includes
pro-inflammatory and anti-inflammatory mediators.

The balance between the two opposite groups large-
ly determines the course and outcome of infectious
complications in OJ in the postoperative period
[11,12].

Therefore, the above-stated data allow to make an
important conclusion about the relevance of a com-
prehensive study of the content and balance of cyto-
kines before and after surgical treatment of patients
with OJ of gallstone origin in order to understand the
molecular mechanisms of the development of postop-
erative complications in OJ and formulate the aim of
this study.

The aim of the study was to determine the content
of cytokines (IL-2, TNF-a, INF-y, IL-18, IL-4, and
IL-10) in patients with OJ caused by gallstones before
and after surgical treatment, depending on the devel-
opment of postoperative complications.

MATERIALS AND METHODS

To accomplish this aim, 70 patients were exam-
ined (the average age was (44.02 + 14.88) years) with
the diagnosis of OJ of gallstone origin, verified fol-
lowing a comprehensive clinical and instrumental ex-
amination. All the patients were admitted to the surgi-
cal department of the clinic of the Research Institute
of Medical Problems of the North of FRC of the KSC
SB RAS. All the patients were diagnosed on the basis
of a standard examination, including history taking,
clinical presentation, detailed blood count, biochem-
ical parameters (bilirubin level, alanine aminotrans-
ferase (ALT), alkaline phosphatase, total protein,
etc.), and an instrumental examination (ultrasound,
MR, etc.).

In the postoperative period, 16 out of 70 patients
(22.8%) developed inflammatory infectious complica-
tions that required additional drug correction. As con-
trol values of the cytokines in the blood serum deter-
mined in the present study, we used the data obtained
from 125 practically healthy volunteers, comparable
in sex and age with the group of the examined patients,
who were selected during regular health checkups in
Krasnoyarsk medical facilities. The examination of
the participants was approved by the Ethics Commit-
tee of the Research Institute of Medical Problems of
the North (Protocol No. 7 of November 16, 2012).
Each participant signed an informed consent for the
examination. When working with the examined pa-
tients, we followed the ethical principles set out in Art.
24 of the Constitution of the Russian Federation and
the Declaration of Helsinki developed by the World
Medical Association.
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The exclusion criteria were: persons with HIV, tu-
berculosis, and drug addiction; refusal to participate
in the study; age over 80 years. The material for the
study was venous blood which was drawn from the
ulnar vein of the patients twice: before the start of
etiotropic therapy and 7 days after surgical treatment.
Serum samples were frozen and stored in the refriger-
ator at -70 ° C prior to testing. Once frozen, the blood
serum was thawed to room temperature before testing.

The concentration of six cytokines (interleukin
(IL)-2, IL-4, 1L-18, IL-10, tumor necrosis factor al-
pha (TNF ), and interferon gamma (INF y)) was
determined using reagent kits manufactured by Vec-
tor-Best LLC (Novosibirsk, Russian Federation) by
enzyme-linked immunosorbent assay on the Thermo
Scientific analyzer (BioMerieux, France).

The concentration of the cytokines was determined
in pg / ml [13, 14]. Statistical data were analyzed us-
ing the Statistica 10 software package (StatSoft Inc.,
USA). Non-normal distribution of parameters in all
the obtained samples was found using the Kolmog-
orov — Smirnov test with Lilliefors correction. The
statistical significance of the differences was assessed
using the nonparametric Wilcoxon test for dependent
samples and using the Mann — Whitney test with Bon-
ferroni’s correction for independent samples. All data
were presented as the median and the interquartile
range (Me) [Q ~0,]. The differences were considered
statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In the present study, in the blood serum of the
patients with uncomplicated OJ of gallstone origin,
statistically significantly high concentrations of the
proinflammatory cytokines were detected, compared
with the data obtained from practically healthy vol-
unteers (Table 1). An increase in the concentration
of TNF o by more than 60 times was revealed in the
patients with OJ before the surgery, compared with
the control group (p = 0.0006); after surgery, the val-
ue decreased. This indicates an increase in the natural
cytotoxicity of monocytes, macrophages, and natural
killer (NK) cells [15, 16]. It plays an important role in
inflammation, promotes adhesion of granulocytes to
the vascular endothelium, accelerates transendotheli-
al migration of leukocytes to the inflammation focus,
and increases the phagocytic activity of neutrophils
and monocytes, implementing development of com-
plete phagocytosis [17].

The concentration of INF y was elevated in all OJ
patients with an uncomplicated postoperative period

(»p = 0.001), whereas statistically significant differ-
ences were detected in OJ patients before the surgery
compared with the control group. Its formation and
secretion occur after a repeated response of previ-
ously sensitized lymphocytes to the antigen. INF y
stimulates cells of the immune system to develop an
immune response.

Overproduction of the cytokine IL-18 was found
in the OJ patients before and after surgical treatment
(» = 0.001); the most pronounced increase in the pa-
rameter value was detected in the patients before the
pathogen-specific treatment of OJ of gallstone origin.
Under the influence of IL-18, antimicrobial resistance
of the whole body increased [18].

Overproduction of proinflammatory cytokines in
OJ proves the presence of local and systemic inflam-
mation, which aggravate the clinical course of the
disease in patients. After surgical treatment, the con-
centration of proinflammatory cytokines decreases,
but does not reach normal control values, proving that
the surgery itself is a surgical injury that maintains the
inflammatory process in the body [19-21].

The increased content of IL-2, a regulator of cellu-
lar antigen-specific immune response, was identified.
The median IL-2 concentration was 7 times higher in
the OJ patients before the surgery and 5 times higher
after the surgery, compared with the control group. By
activating various signaling pathways, it causes prolif-
eration and activation of T cells for implementing the
immune response.

When assessing the content of cytokines, the in-
crease in which is associated with the activation of
type 2 inflammation, a statistically significant de-
crease in the median concentrations of IL-4 and IL-10
in the patients with OJ before etiotropic treatment was
found, compared with the control group. Therefore, in
the patients with OJ of gallstone origin before surgical
treatment, type 1 inflammation prevailed. At runtime,
in the patients with OJ, the concentration of IL-4 in-
creased after surgical treatment, compared with the
control group. It is likely that the revealed changes in
the content of IL-4 do not exclude its ability to partic-
ipate in development of connective tissue and fibrosis
at the site of surgical injury. The role of anti-inflam-
matory cytokines in limiting local inflammation and
preventing the development of systemic phenomena
is not excluded [22, 23].

In 16 patients with OJ of gallstone origin, infec-
tious complications developed in the postoperative
period (Table 2). Evaluation of the content of pro-
and anti-inflammatory cytokines revealed statistically
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significantly higher concentrations of cytokines with CONCLUSION
pro-inflammatory properties (TNFa, INFy, IL-18) at

baseline and in the postoperative period, while the The study made it possible to establish that statis-
median concentrations of anti-inflammatory cyto- tically significantly higher concentrations of proin-
kines remained low. Acute overproduction of proin- flammatory cytokines (IL-2, TNFa, INFy, IL-18) are
flammatory cytokines in the bloodstream contributes detected in the blood serum of patients with OJ of
to development of a systemic inflammatory response gallstone origin before the surgery, which indicates the
with corresponding clinical manifestations (cytokine significance of type 1 inflammation in the pathogenesis
storm), to correct which involvement of all organs of OJ of gallstone origin. It was found that in the blood
and systems of the body is required in case of severe serum of the patients with OJ with an uncomplicated
impairment in hemostasis. Prolonged pathological- postoperative period, statistically significantly higher
ly high concentrations of proinflammatory cytokines concentrations of IL-4, which action is aimed at com-
cause septic shock and death of the patient [17, 24, pensating the consequences of the inflammatory pro-
25]. Thus, in conditions when the concentration of cy- cess and restoring the damaged tissue of the hepatobi-
tokines exceeds physiological values for a long time, liary system, were revealed along with a combination

their protective function changes to a pathological one of type 1 and type 2 inflammation. The identified high
[15, 26]. Due to inadequate overproduction, cytokines concentrations of TNFa, INFy, and IL-18 in the post-
themselves have a histodestructive effect, causing operative period of OJ suggest their participation in the
multiple organ failure. development of infectious complications.

Table 1

The content of cytokines in the blood serum of patients with OJ with an uncomplicated postoperative period at runtime,
compared with the control group, pg / ml

Control group, OJ patients before the surgery, OJ patients after the surgery,
Parameters n=125(1) n=>54(2) n=>54(3)
Me 00, Me 00, Me 09,
Lo 1.1 0.5-3.05 7.25 4.72-9 5.5 3-73
~ p,,= 0.001 p,,=0.001
054 | 038088 357 | 4.82-86.5 8.1 | 3151
TNFa
- p,, = 0.0006 p,=0.001
0.6 0.22-4.0 9.2 2.8-21.83 7.3 2.7-8.1
INFy | | |
~ p,,=0.001 —
18 16 | 0.1-2.1 90 | 56.9-2452. 617 | 53.88-99.3
- p,,=0.001 p,=0.001
215 | 0.6-4.8 0.01 | 0.009-2.2 384 | 433776
IL-4 <0.001
— = pl—]
Pi,~ 0003 P, ,<0.001
148 | 8652685 26 | 1.1-54 2.1 | 105275
IL-10
- p,,=0.001 P, = 0.04

Note: p, , — statistically significant differences between the control group and the group of patients with OJ before the surgery; p, , — statistically
significant differences between the control group and the group of patients with OJ after the surgery; p, , - statistically significant differences
between the group of OJ patients after the surgery and the group of patients with OJ before the surgery (here and in Table 2).

Table 2

The concentration of cytokines in the blood serum of patients with OJ with a complicated postoperative period at runtime, compared
with the control group, pg / ml

Control group, OJ patients before the surgery, Ol patients after the surgery,
Parameters n=125 (1) n=16(2) n=16(3)
Me 0,0, Me 0-0, Me 0,0,
Lo 1.1 0.5-3.05 9.43 6.12-11.7 12.26 7.96-15.21
- p, ,=0.001 p,,=0.001
054 | 038088 4641 | 6.27-112.5 6033 | 8.15-146.19
TNFa
- p,,=0.001 p,,=0.001
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Table 2 (continued)
Control group, Ol patients before the surgery, OJ patients after the surgery,
n=125(1) n=16(2) n=16(3)
Me 0,0, Me 09, Me 0,9,
0.6 0.22-4.0 12.0 3.64-28.4 15.6 4.73-36.9
INFy
- p,,=0.001 -
16 | 0.1-2.1 117 | 73973188 8021 [ 70.04-129.1
IL-18
- p,.,=0.001 ., =0.0006
L 215 | 0.6-4.8 0013 | 0.012-2.86 0017 | 0.015-2.9
- p,,=0.001 p, ,=0.00001
10 148 | 8652685 22| 0.19-4.4 0.9 | 0.85-2.75
- p,,=0.001 p,,=0.001
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