Meoduyunckas ummyHonoeus
2023, T. 25, Ne 5,
cmp. 1219-1224

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2023,Vol.25, No5, pp. 1219-1224

Kpamxkue coobuenus
Short communications

POJ1b IL-6 B UMMYHOMNATOIMEHE3E YLWUBA rOJIOBHOIO
MOGSIA PA3JINMHOWU CTEMEHU T)XECTU

Hopra A.0.}2, Bopoonses C.B.2, Kyznenosa P.H." 2, JJanmu C.B.,
Kopoo6osa 3.P.1'2, Monamenxo JI.H.> 4, Toroasan Aper A2

"®@BYH «Cankm-Ilemepbypeckuii Hay4HO-uccae008amenbCKull UHCIMUMYmM 3MUOeMUON0UU U MUKPOOUOA0UU UMEHU
Ilacmepa», Cankm-Ilemepoype, Poccus

2@I'BOY BO «lIlepsviii Cankm-Ilemepbypeckuii 20cydapcmeenbiil MeOUyUHCKUL VHUGEDCUMEN UMEHU aKA0eMUKd
HU.II. Ilasnosa» Munucmepcmea 30pasooxpanenus PO, Cankm-Ilemepbype, Poccus

S DI'BY «Hayuonanvhoiii meduyunckuii ucciedosamenvckuil yenmp umenu B.A. Anmazosa» Munucmepcemea
3dpasooxpanenusi PO, Cankm-Ilemepbype, Poccus

*CII6oTbY3 «lopoockas boavhuya Ne 26», Cankm-Ilemepbype, Poccus

Pesome. IMMyHHasI cricTeMa MMeeT KITIOUEBYIO POJIb B ITATOT€HE3e YePEITHO-MO3TOBOI TpaBMEIL. TpaB-
MaTUYeCKre MOBPEeXAEHNE FOJIOBHOTO MO3ra 00yCJIaB/IMBaeT BHICBOOOXKIEHE MOJIEKYJT «OIMMAaCHOCTU» C MO-
CJICIYIOIIEeM BOBJICUYCHMEM KJIETOK BPOXKICHHOTO MMMYHHOI'O OTBETa, MHUIIMUPYIOIINX Pa3BUTHE HEMpPO-
BocnajieHus. Bo3HuKarolIne HapylIeHUs B UMMYHHOM CUCTeMe TIPU YePEITHO-MO3TOBOI TpaBMe SIBJISIIOTCS
MpPOsIBJICHMEM 3alllMTHOM peaklMU OpraHu3Ma, IMpU 3TOM MCXOJ YePEeHO-MO3rOBOM TpaBMbl OOYCIOBJICH
HE TOJIBKO TSDKECTBIO MIEPBUIHOTO MMOPasKeHMs TOJIOBHOTO MO3Tra, HO M BTOPUYHBIMU peakuusiMu. Heiipo-
BOCHAJICHUE — 3TO UMMYHHBIN OTBET Ha MOpPaXKeHWe MO3ra, B X0Ae KOTOPOTO IMPONCXOINUT BHICBOOOXKICHNE
MOJIEKYJI, CBSI3aHHBIX C TIOBPEKIeHEM, JAIbHEIIei akTUBalreil 1 mpoaudepaleil KIaeToKk MUKPOTIIMUA 1
acCTpOIINM, MUTpALIeil B 30HY TTOBpeXIeHUS T-TUMGOIIMTOB, 00J1aJaloNnX KaK MPOTeKTUBHEBIM, TaK 1 Jc-
CTPYKTUBHBIM JEMCTBUEM B OTHOIIIEHMM MO3TOBOM TKaHU. YIIPaBJISIOIIYIO POJIb B JAaHHBIX MpOIleccax urpa-
FOT HUTOKUHBI — OCJIKH, TIPOAYILIMPYEeMBIe Pe3UACHTHBIMU KJIETKAMU IJTU1, OIMTOCPEIYIONINE MEKKITCTOTHBIC
B3aMMOJICHICTBUS TIPU PA3IUYHBIX MATOJOTUYECKUX COCTOSTHUSIX. YK€ Ha paHHUX CTaAUsSIX Pa3BUTUSI B OTBET
Ha TpaBMY KJIETKAMU MUKPOTJIMA CUHTE3UPYIOTCS IIPOBOCITAIMTEIbHBIC IIMTOKWHBI, KOTOPBIC JOTTOTHUTETb-
HO CTUMYJIMPYIOT aKTUBAIIMIO MUKPOTIINU M OJIOKMPYIOT MPOLEeCcChl pemMueanH3auun. [TokasaHo, 9To Imocie
TSIKEJIOM TpaBMBbI TOJIOBHOI'O MO3Ia BbICOKME KOHIeHTpauuu [L-6 B 1iepeOpocnHaIbHOMN KUIKOCTU JEMOH-
CTPUPYIOT MPSIMYIO KOPPEJISIIIMIO CO CTETIEHBIO TSXKECTU U UCXOA0M 3abosieBaHusl. Lleabio mTaHHOTO ucciieno-
BaHUs SIBUJIOCHh U3y4eHUE OCOOEHHOCTEe ypoBHs 1L-6 B iepeGpocnHaNIbHOM KUIKOCTHU MALMEHTOB C YII-
OGOM rOJIOBHOTO MO3Ta JIETKOH, CpeaHEH M TSLKEIOM CTETICHU TsKeCcTH. MeTomoM MYIBTUINICKCHOTO aHaIl3a
no texHojorun XMAP onpenenstiin KoHueHTpauunoo IL-6 B 1iepedbpocnmHaIbHON Xuakoct. KoHTpoiem
CIIY>KIUTH 00pa3iIbl 1IePeOPOCTIMHAIBHON XKUAKOCTU MAIIEHTOB C COTPSICEHUEM TOJIOBHOTO Mo3ra. OOHapy-
JKEHO JOCTOBEPHO ITOBBIIICHHOE COAEpKaHME Y BCEX MAlIMEHTOB C YIITMOOM ToJI0BHOTO Mo3ra: 19,59 nr/mir
B IpYIIIE C YIIMOOM JIETKOM CTereHU TskecTr, 103,6 nr/Mil B IpyIine ¢ yIIMOOM CPeIHeil CTeNeHHU TSXKECTU
U 2225 TIr/MJ1 B TPYIITE C YIITUOOM TSDKEJION CTETIeHU TSKECTU TIPOTUB 2,58 Mr/MJI B KOHTPOJIBHOM TPYTITIE.
YcraHoBIeHa MpsiMasi KOppeIsIiMOHHasi B3aMMOCBSI3b C COlepXKaHUEM OCHOBHOIO Oejika MUeJIMHa B liepe-
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OpOCIUHAIBHOM XUIKOCTH, YTO OTPAXKAET CTEIIEHb BOCIIAJIEHUS 1 IIPOLIECCOB HelpoaereHepaLuu. Boisisiie-
HUe ocobeHHOocTel comepkaHust IL-6 y 00JbHBIX ¢ YIIMOOM I'OJIOBHOTO MO3T'a MOXET CBUIIETEILCTBOBATh 00
€ro BaXKHOM poJIn B Te4eHUs 3a00j1eBaHusI. A TaKxKe TpeOyeT JOMOJHUTEILHOrO OoJiee AETaIbHOIO N3YyYEHUS,
COIOCTAaBJICHMSI C pe3yJibTaTaMu coaepxkanus 1L-6 B nepudepudecKkoil KpoBU.

Kirouesvie crosa: uepenno-moszeoeas mpasma, 6uomapkep, npo8oCHAaAUMenbHble UUMOKUHBL, Helposochanrenue, 1L-6, ocHoeHoll
0e10K MUeAUHA, MYAbMUNACKCHBLI AHAAU3

ROLE OF IL-6 IN THE IMMUNOPATHOGENESIS OF MILD,
MODERATE AND SEVERE TBI
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Abstract. Traumatic brain injury (TBI) results in a significant inflammatory burden that increase the
production of inflammatory mediators and biomarkers. The immune system plays a key role in the pathogenesis
of traumatic brain injury. Neuroinflammatory mediators released from resident glia (activated microglia
and astrocytes) inside the brain recruit immune cells where cytokines are small soluble proteins that confer
instructions and mediate communication among immune and non-immune cells. Interleukin-6 (IL-6) is a
proinflammatory cytokine known to be elevated after trauma, and a major contributor to the inflammatory
response following TBI. Previous studies have investigated associations between IL-6 and outcome following
TBI, but to date, studies have been inconsistent in their conclusions. The purpose of the current study was to
assessment of cerebrospinal fluid (CSF) interleukin-6 (IL-6) and MBP levels in patients with TBI. Samples
of cerebrospinal fluid of 85 patients with TBI were examined. Concentrations IL-6 were measured via xMAP
multiplexing technology. The control was the course of CSF in patients with concussion. An increased content
was found in all patients with traumatic brain injury: 19.59 pg/mL in the group with mild traumatic brain
injury; 103.6 pg/mL in the group with moderate traumatic brain injury; and 2225 pg/mL in the group with
severe traumatic brain injury load versus 2.58 pg/mL in the control group. A direct correlation was found with
the presence of basic myelin proteins in the cerebrospinal fluid, which indicates the degree of damage and
neurodegeneration processes. Identification of the features of IL-6 content in patients with brain injury may
indicate its important role in the course of disease. It also requires additional more detailed study, including
comparison with IL-6 content in peripheral blood.

Keywords: traumatic brain injury, biomarker, inflammatory cytokines neuroinflammation, IL-6, myelin basic protein, multiplex
analysis

cellular, tissue and organ levels with abnormalities
of the central regulation of body system. When the
brain is injured, it can cause disturbance of cerebral
circulation, fluid circulation, hypothalamic-pituitary-
adrenal system and blood-brain barrier (BBB) [3].
Following the primary injury extensive and lasting
damage is sustained through a complex cascade of
events referred to as “secondary injury”. Secondary
injury includes BBB-disturbance, excitotoxicity,
mitochondrial dysfunction, oxidative stress and
neuroinflammation [10]. Thus, the pathogenesis
of brain injury may be divided into two injury-

Introduction

Traumatic brain injury (TBI) is defined as intra-
cranial injury when a direct and indirect external
mechanical force transmitted to the head or
body results in structure of the brain damage and
dysfunction, change in its functioning [5]. Extensive
progress has been made in understanding the
immunopathogenesis over the last 10 years. Many
of the issues that TBI patients face are thought to
be mediated by the immune system. TBI results in
a significant inflammatory burden that increases

the production of inflammatory mediators and bio-
markers. It is a disease with a wide variety of injury
mechanisms and tissue pathologies.

The clinical presentation and prognosis TBI
depend on both the type and severity of the exposure
termed the “primary injury” which leads to primary
structural and functional brain damage of varying
degrees and prevalence at the molecular, subcellular,

mechanisms: primary and secondary [12].

There is increasing interest in the role the immune
system in TBI pathogenesis because neuroinflamma-
tion caused by detrimental or beneficial outcomes.
In addition, neuroinflammation leads to appear CSF
Myelin basic protein (MBP). MBP is a constituent
of the sheath, is essential for normal myelination and
axonal signal conduction, and mediates adhesion
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between cytoplasmic surfaces of individual myelin
layers. Brain injury contributes to increased MBP in
blood and CSF. Neuroinflammation instigated by
TBI is a complex immune process resulting from a
mechanical compression insult and depending on the
degree of the insult and leads to axon damage occurs
due to direct cytotoxic intercellular interaction or due
to the synthesis of pro-inflammatory cytokines and
chemokines [2].

Already at the early stages of development in
response to damage microglial cells synthesize IL-1(,
IFNy, IL-6, 1L-12, IL-18, which can subsequently
induce the synthesis of GM-CSF and CCL2 by
astrocytes, additionally stimulating microglial acti-
vation and blocking remyelination processes [4, 6].
Elevated levels of many cytokines have been noted
in peripheral blood plasma and cerebrospinal fluid
(CSF), but the clinical results of their determination
are often contradictory [12]. It has been shown that
after TBI high concentrations CSF 1L-6 directly
correlate with the severity and outcome [7]. IL-6
together with TGFp stimulates the maturation clones
of T-lymphocytes into of Th17 and suppresses the
development of Treg, which provides aggravating the
course of the disease [8].

One of the factors in the development of the in-
flammatory process induced by trauma and ac-
companied by a structural impairment of the brain
and BBB permeability is immune dysfunction the
main regulators of which are cytokines and their
synthesis have provided by resident neuronal and
glial cells of the brain that secrete pro- and anti-
inflammatory cytokines [1]. In addition, the source
of cytokines in the CNS is the cells of the immune
system recruited to the focus of inflammation due to
a violation of the BBB [4]. The inflammatory process
that occurs during traumatic damage to brain tissues
accompanied by hypersecretion of proinflammatory
and inhibitory cytokines is essential during and after
TBI. Canonically, a shift in cytokine profile towards
anti-inflammatory mediator predominance can
increase neuroprotection and regeneration of the
CNS after injury [7, 11]. However, the role of IL-6 in
TBI pathogenesis remains insufficiently studied and
literature reviews are often contradictory, debatable
and require further study.

The purpose of the current study was to assessment
of CSF Interleukin-6 (IL-6) and MBP levels in
patients with TBI.

Materials and methods

Informed consent was obtained from patients for
sample collection. The study included 85 TBI patients
(aged 18-55 years (mean: 42.3111.3). Cerebrospinal
fluid (CSF) samples were obtained from patients
with the diagnosis of TBI at the time of the patient’s
admission to the hospital. Control CSF samples were
obtained from twenty-five age-matched controls who
underwent lumbar puncture.

According to the international classification, TBI
is classified as mild, moderate or severe, typically
based on the Glasgow Coma Scale (GCS) score:

1 group — control (n = 25);

2 group — mild brain injury (n = 30);

3 group — moderate brain injury (n = 31);

4 group — severe brain injury (n = 24);

CSF was obtained by lumbar puncture. All samples
were collected in tubes and they were centrifuged
(1100 g, 10 min, room temperature), aliquoted into
several portions and frozen at -80 °C until assayed.

The CSF IL-6 (pg/mL) level were measured
using Luminex xMAP technology for multiplexed
quantification. The samples were analyzed using the
“Milliplex MAP” (Millipore) (USA) with magnetic
microspheres “Milliplex Mag” (USA), according to
the manufacturer’s instructions. Registration and
analysis of data on the device “Luminex MAGPIX”
(Luminex) (USA). All samples were assayed in
duplicate wells and the mean of the ensuing results
was used.

Statistical analysis of the data was performed on
commercially available software (GraphPad Prism
5.00 for Mac). The nonparametric Mann—Whitney U
test was used for analysis of data. A P value less than
0.05 was considered to be statistically significant. Data
is presented as the median (Me) and interquartile
range (Q,,s-Q,75)- Spearman’s correlation coefficient
was used for assesses how well the relationship between
MBP and IL-6.

Results and discussion

In order to investigate the cytokine level patients
with brain injury of varying severity underwent lumbar
puncture according to indications. A comparative
analysis was carried out with samples of the ce-
rebrospinal fluid of patients with concussion, which
was due to the absence of structural changes in them,
on the one hand, as well as the difficulties of collecting
cerebrospinal fluid (CSF) from apparently healthy
individuals, as a group that does not have indications
for this medical manipulation, on the other hand.

Our study was showed that TBI patients had a
significantly higher CSF level of IL-6 as compared to
the 1% group (Control) (Table 1).

IL-6 in all groups with TBI: 19.59 pg/mL (8.4-
46.5) at p = 0.0117 in the 2™ group (Mild TBI),
103.6 pg/mL (27.4-138.7) at p < 0.0001 in the 3" group
(Moderate TBI) and 2225 pg/mL (872.3-3739) in the
4% group (Severe TBI) at p < 0.0001 as compared to
the 1% group (2.58 pg / mL (1.1-3.7)).

In order to investigate the diagnostic values of
the IL-6 for TBI we performed receiver operating
characteristic (ROC) curve analysis. Using ROC
curves, sensitivity and specificity were calculated for
each possible threshold value. The ROC characte-
ristic significant increased were IL-6 (Figure 1):
sensitivity — 87.5%; specificity -100%; AUC = 0.906;
Cutoff = 11.4 pg/mL, p = 0.0117 for the 2" group
(Mild TBI); sensitivity — 94%; specificity -100%;
AUC = 0.941; Cutoff = 17.33 pg/mL, p < 0.0001
for the 39 group (Moderate TBI); sensitivity
-100%; specificity — 87.5%; AUC = 0.961;
Cutoff = 241 pg/mL, p < 0.0001 for the 4™ group
(Severe TBI). The AUC of IL-6 all greater than
0.7 which indicated that they represented a high
diagnostic value.
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Additionally, to identify IL-6 characteristics of
TBI with different severity we performed receiver
operating characteristic (ROC) curve analysis. The
optimal cut-off for CSF IL-6 application in the 3
group was 46.14 pg/mL; the sensitivity and specificity
were 69% and 75%, respectively (Figure 2).

The optimal cut-off for CSF IL-6 application in
the 4™ group was 240.9 pg/mL; the sensitivity and
specificity were 100% and 88%, respectively. The 4
group appeared to have the best discriminatory ability
with an AUC of 0.981.

In this paper, we report the optimal cut-off for
CSF 1L-6 the 2" group was 11.4 pg/mL.

Spearman’s test showed there was clinically
relevant correlation between 1L-6 and MBP level
(Figure 3) in TBI patients (r = 0.465; p = 0.017).
These findings reflect the degree of inflammation and
the process of neurodegeneration.

TBI activates microglia, the endogenous brain
immune cells and a major source of pro-inflammatory
cytokines in the central nervous system. In recent
years, the functions and role of IL-6 have been actively
studied in the in the pathogenesis of inflammation
from brain injury.

Some studies have identified associations between
IL-6 levels and outcome following TBI. Inflammation
in the context of TBI can be contributed to CNS
damage, including astrogliosis and disruption of the
BBB. Obviously, neuroinflammation contribute to
breakdown of the BBB and infiltration of immune
cells. So, in the study by Monsour M. [9] an increase
in IL-6 is considered as an unfavorable marker of
outcomes. According to our results, an increased
concentration of IL-6 was found in all patients with
TBI and had significantly significant informative
indicators (p < 0,05).

TABLE 1. CEREBROSPINAL FLUID LEVELS OF CYTOKINES (PG/ML) IN PATIENTS WITH TBI, Me (Q, ,5-Q,+s)

Cerebrospinal fluid levels of cytokines (pg/mL)
Cvtokines Concussion Mild TBI Moderate TBI Severe TBI Statistically
y (1t group) (2" group) (3 group) (4" group) significant (p)
n=25 n=30 n=31 n=24
L6 25 19.59 103.6 2225.0 E*-Z - 8'8(1)2)1
- - - _ _ 1-3 .
(1.1-3.7) (8.4-46.5) (27.4-138.7) (872.3-3739.0) b < 0.0001
. IL-6 : IL-6 C IL-6
100 —
100
100 l—-——-
80_4 J
& 80 & 80
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100%- Specificity
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Figure 1. ROC curves and AUC of CSF IL-6: mild TBI (A), moderate TBI (B) and severe TBI (C) compared to control
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Figure 2. ROC curve and AUC of CSF IL-6: mild TBI (A) and moderate TBI (B) compared to severe TBI
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The use of ROC analysis data allows for differential
diagnosis of brain contusion based on the assessment r=0.465
CSF IL-6 showed that IL-6 > 11.4 pg/mL — Mild 5000+ p=d.017
TBI, CSF 1L-6 > 46.14 pg/mL — Moderate TBI, °
CSF IL-6 > 240.9 pg/mL — Severe TBI (Figure 4).

Also, based on the fact that IL-6 is a pro- A0
inflammatory cytokine and can influence the degree
and risk of demyelination, a correlation analysis
was performed between IL-6 and MBP level. Thus,
MBP is a specific structural component of neuronal
membranes, which is necessary for myelination of
oligodendrocytesand maintenance of myelinstructure.
The detection of MBP in the CSF is a sensitive
marker of myelin degradation. In healthy people, prood
this indicator is not determined. Myelin degradation
in addition to TBI is possible with neuroinfectious

3000 .

IL-6, pg/mL

2000+

and demyelinating diseases. Additionally, the level of 0

1L-6 was positively correlated with the level of MBP 0

(r=0.465; p=10.017). MBP, ng/mL

Conclusion Figure 3. Correlation between the concentration of myelin

Thus, TBI is a reaction of the whole organism to  basic protein (ng/mL) and IL-6 (pg/mL)
CNS injury. It causes a violation of homeostasis and  Note. r, Spearman’s correlation coefficient; MBP, myelin basic protein.
is accompanied by a complex of morphofunctional
changes not only in the area of damage, but
throughout the brain, and then in other organs and

systems. The inflammatory process that occurs during

traumatic damage to brain tissues, accompanied by CSFIL-6
hypersecretion of pro-inflammatory cytokines (IL-6),

is essential during and after TBI.

All of these results suggest the important role of 211.4 pg/mL 246.14 pg/mL >240.9 pg/mL
1L-6 in TBI immunopathogenesis, as a cytokine that <46.14 pg/mlL <240.9 pg/mL =
supports neuroinflammation and which is involved in
white matter damage.

Mild TBI Moderate TBI Severe TBI
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