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DIFFERENTIAL CYTOKINE RESPONSE
OF IMMUNOCOMPETENT CELLS TO THE INDUCTION OF RESISTANT,
REVERTANT AND SENSITIVE ESCHERICHIA COLI

The work is devoted to the study of the influence of the resistance phenotype of E. coli subcul-
tures on the functionality of evolutionarily conserved pathogen-associated antigens (PAMP) and
a special class of pathogen-associated molecular patterns indicating the viability of microbes (vi-
taPAMP) on immunocompetent human peripheral blood cells. In this work, we used the resistant E.
coli strain ATCC BAA-2523, the sensitive E. coli strain ATCC 8739, and the revertant subculture of
Escherichia coli obtained under experimental conditions from the E. coli strain ATCC BAA-196. Us-
ing enzyme immunoassay, we performed a comparative analysis of mononuclear (PBMC), monocytic
(MON), and lymphocytic (LIM) cytokine responses to the induction of resistant, revertant, and sus-
ceptible E. coli subcultures by living and fixed cells. It turned out that the PAMP structures of sub-
cultures of fixed E. coli cells are predominantly recognized by human PBMCs. While the pathogen-
associated molecular patterns of living E. coli cells are recognized by different target cells, therefore,
PBMCs primarily respond to the structures of the vitaPAMP-resistant subculture, while the structures
of the revertant E. coli — human MON react to the structures of the vitaPAMP, which is a sensitive
strain and PBMC — and MON respond to vitaPAMP. It has also been shown that, in response to fixed
cultures of E. coli S and E. coli R, there is a decrease in the threshold level of production of IL-1p,
IL-6 and TNF-a in both PBMCs and monocytes, compared with the level of cytokine production induced
by live bacteria. Whereas fixed cells of revertant E. coli caused a higher production of pro-inflammatory
cytokines PBMC than living cells of this culture.

Key words: Cytokines, resistant, revertant, sensitive.
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MMMYHOKOMMNETEHTTi )XacyluaAapAbIH, TO3iMAi, peBepTaHTTbI
)KOHe Ce3iMTaA illeK TasiKLLIAAAPbIHbIH, MHAYKLIMSICbIHA
AndpdpbepeHLMarAbl LMTOKMHAK peakiLUsiCbl

E. coli cybkyAbTyparapbiHbiH TO3IMAIAIK (DEHOTUMIHIH, 3BOAIOLMSIAbIK, KOHCEPBATUBTI, Gerae
aHTureHaepAiH (PAMP)  pyHKUMOHaAABIFbIHA BCEpPiH XX8HEe aAaMHbIH MnepudepUsAbIK, KaHbIHbIH,
MMMYHOKOMIMETEHTTI >KacyLlaAapbiHa MMKPOOTapAbIH, (VitaPAMP) emiplueHAiriH GiAAIPeTIH naTtoreHre
6anAaHbICTbl MOAEKYAAABIK, 3aHABIAbIKTAPAbIH €PeKLLIe KAACbIH 3epTTeyre apHaAfaH >XymbIC. YKyMbIC
6apbicbiiaa ATCC BAA-196 E. coli wtammbiHaH Taxxipmbeaik >karaanaa aabiHFaH ATCC BAA-2523 E.
coli TypakTbl wtammbl, ATCC 8739 E. coli cesimTan witammbl >kaHe E. coli peBepTaHTTbl CyOKYAbTYpaCh!
naaaAaHbiAAbl. MIMMyHOMEpPMEHTTIK Taaaay apkbiAbl E. coli Te3iMAi, peBepTaHTTbl XoHe ce3iMTaA
CybKYAbTYpaAapbIHbIH, Tipi XKeHe GeKITIAreH >KacyluaAapbiH MHAYKLUMSIAAYFa MOHOHYKAeapAbIK, (PBMC),
MOHOUMTTIK (MON) >xaHe AnmcoumnTTiK (LYM) UMTOKMHAIK peakumsaFa >kayanTapAblH, CaAbICTbIPMAAbI
TaAAaybl XKYprisiaai. 3eprtreared E. coli cyOkyAbTypaAapbiHbiH OekiTiAreH >kacyliaAapbiHbiH PAMP
KYPbIAbIMbI HeTi3iHeH apamHbiH PBMC TaHuTbIHbI 6eAriai 60AAbl. Tipi E. coli kacyluasapbiHbIH naToreH-
6anAaHbICTbl MOAEKYAAAbIK, 3aHABIAbIKTapbIH SPTYPAI MakCaTTbl >KacyllaAap TaHWAbI, COHAbIKTaH
Te3iMAI CybKyAbTYpaHbiH VitaPAMP KypbiAbiIMAapsbl HeriziHeH PBMC-meH, pesepTanTThl E. coli-MON
aAaMHbIH VitaPAMP KypbliAbIMbIHA, Ce3iMTaA WTaMMHbIH J)keHe PBMC-HiH vitaPAMP KypblAbIMbIHA >XeHe
MON-fa 6ipaeit KapkbIHAbIAbIKMEH >xayar 6epeai. E. coli S >aHe E. coli R TypakTbl AakbiAAapbiHa
JKayan peTiHae Tipi 6akTepusiaap KO3AbIPFaH LMTOKMHAEPAIH ©HIM AEHremiMeH CaAbICTbipFaHAA
PBMC-Te ae, moHountTepae Ae MA-1B, MA-6 sxxaHe DHO-0 6HIMAEPIHIH, LWEKTI AEHreili ToMeHAEereHi
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KepceTiareH. AA peeeptaHTTbl E. coli TypakTbl >kacyliarapbl OCbl AAKbIAAbIH, Tipi >KacyllaAapbiHa
KaparaHAa KabbiHyFa Kapcbl PBMC UMTOKMHAEPIHIH, )KOFapbl OHAIPICIH TYAbIPABI.
Ty#iH ce3aep: UMTOKMHAEP, TO3IMAI, peBEPTaHT, CE3iMTaA.

C.C. Kacbimbekosa®, T.A. bykeesa, M.E. bummosa,
C.T'. MypsareabamHoBa, M.C. KopoTeLkuni

AO «HayuHbIt LeHTp NPOTMBOMHMEKLIMOHHBIX NpernapaToB», KasaxcTtaH, r. AAMaTbl
*e-mail: s_kassymbekova@mail.ru

AmndpdpepeHumarbHbIi LMTOKMHOBbI OTBET MMMYHOKOMIETEHTHBIX KAETOK
Ha MHAYKLMIO PE3UCTEHTHOM, peBepTaHTHOM
u uyBcTBUTEeAbHOM Escherichia coli

PaboTa mMocCBSilLEHA WM3YYEHWMIO BAMSHUSI (DEHOTMMNA pPe3ncTeHTHOCTM cybkyAabTyp E.coli Ha
(PYHKLMOHAABHOCTb 3BOAOLMOHHO-KOHCEPBATMBHbIX MATOreH-aCCOLMMPOBAHHbIX aHTUreHoB (PAMP)
M 0cobOro Kaacca MaToreH-aCCoUMMPOBAHHBIX MOAEKYASPHbIX MATTEPHOB, KOTOpble 0603HaualoT
>KM3HECNoCcoBHOCTb M1KPOOOB (VitaPAMP) Ha MMMYHOKOMIMETEHTHbIE KAETKM neprdepryecKkoit Kposn
yenoBeka. B paboTe ncnoabsosaamn ycronumebin witamm E.coli ATCC BAA-2523, 4yBCTBUTEAbHBbIN LLITaMM
E.coli ATCC 8739 n peBeptaHTHyI0 cybkyAbTypy E.coli, moOAy4eHHYI0 B yCAOBMSIX 3KCMEpUMEHTa 13
wramma E.coli ATCC BAA-196. C nomolLbio MIMMYHO(EPMEHTHOIO aHaAM3a NMPOBEAEH CPABHUTEAbHbIN
aHaAu3 MoHoHykAeapHoro (PBMC), moHouuTapHoro (MON) u anmdoumnTapHoro (LYM) umTokMHOBOro
OTBETa Ha MHAYKLMIO XMBbIMM U (DMKCMPOBAHHBIMM KAETKaMM PEe3UCTEHTHOM, peBepTaHTHOM U
4yBCTBUTEABbHOM CYyOKyAbTyp E.coli. Okaszaaocb, uto PAMP cCTpyKTypbl (PMKCMPOBaHHBIX KAETOK
n3yueHHbIx cybkyabTyp E.coli npemmywectsenHo pacnosHatotcs PBMC yeaoseka. Toraa Kak natoreH-
aCCOLMMPOBAHHBIE MOAEKYASIPHbIE MATTEPHbI >KMBbIX KAeTOK E.coli pacnosHaioTcst pasHbiMm KAETKaMM-
muiieHsMu. Tak Ha VitaPAMP CTpyKTypbl pe3MCTEHTHOM CyOKYAbTYPbI PearnpyioT NpermyLiLeCTBEHHO
PBMC, Ha vitaPAMP ctpykTypbl peBeptaHTHOM E.coli — MON yeaoBeka, Ha vitaPAMP cTpykTypbl
4yyBCTBUTEAbHOrO WTtamma n PBMC, 1 MON pearnpyioT ¢ 0AMHAKOBOWM MHTEHCMBHOCTbIO. 1okasaHo,
4yTO B OTBET Ha (pmKcMpoBaHHble KyAbTypbl E. coli S u E. coli R nponcxoamT cHMeHne noporosoro
ypoBHs npoaykumu MA-18, MA-6 1 @HO-a kak B PBMC, Tak 1 B MOHOLMTAX, MO CPAaBHEHMIO C YPOBHEM
MPOAYKLMWN LMTOKMHOB, MHAYLIMPOBAHHbIX XMBbIMKW HakTepusmu. Toraa Kak pMKCMPOBaHHbIE KAETKM
peeepTaHTHOM E. coli Bbi3biBaAM GOAEE BbICOKYIO MPOAYKLMIO MPOBOCMAAMTEAbHbIX LMTOKMHOB PBMC,

YyeMm XKMBbIe KAETKM 3TON KYAbTYpbI.

KatoueBble cAOBa: LMTOKMHBI, PE3UCTEHTHBIN, PEBEPTAHTHbIN, UyBCTBUTEAbHbIN.

Abbreviations

PBMC - peripheral blood mononuclear cells,
MON - monocytes, PAMP — pathogen-associated
molecular patterns, LYM — lymphocytes, MIC —
minimum inducing concentration.

Introduction

The problem of antibiotic resistance and ways
to overcome it has been actively studied for the past
30-40 years. However, in most cases, by the time
bacterial infections cause symptoms and therefore
require antibiotic treatment, the bacterial population
is often so large that it probably includes a portion of
antibiotic-resistant mutants [ 1]. Therefore, treatment
with an antimicrobial drug alone can be expected to
fail. One of the reasons why this is often not the case is
the host’s immune defence, which promotes bacterial
clearance [2, 3]. Despite the general recognition of
the important role of host defence, most studies
of the dynamics of bacteria and antibiotics within
the body are focused almost exclusively on the
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pharmacokinetics and pharmacodynamics of drugs
and bacteria, without explicit consideration of the
patient’s immune response [4-6]. This omission of
the immune response also refers to models that are
specifically designed to develop treatment protocols
to combat the emergence of resistant mutants [7-9].

Resistant bacteria are selected in a concentration
range of drugs that is sufficient to kill a susceptible
population but not sufficient to kill a (partially)
resistant population. In the absence of an immune
response, such treatment will lead to an increase
in the number of resistant pathogens and treatment
failure [10]. Scientists have shown [11-13] that
the presence of an immune response can change
the selection process for resistant mutants. They
showed that an immune response that remains strong
despite a strong drug-induced reduction in bacteria
significantly reduces the emergence of resistance
and mitigates the consequences of non-compliance
with therapy.

Considering that a complex immunobiological
reaction of the body lies at the heart of the treatment
of a patient with antimicrobial drugs, it is important
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to study the nature of the specificity of immune
response to antibiotic-sensitive and antibiotic-
resistant pathogens. The results of studying the
differential role of various immunocompetent cells
in the initiation of an immune response to pathogens
with different antibiotic sensitivity profiles reveal the
mechanisms of the relationship between infectious
diseases caused by drug-resistant pathogens,
induction and regulation of the innate and adaptive
immune response, and antibiotics. Knowledge of this
kind can open new ways to combat drug resistance of
pathogens by developing more effective approaches
to complex immunotherapy of infectious diseases.

The experimental conditions we have chosen
allow us to perform a pairwise comparison of the
cytokine response of PBMC and monocytes from
the same donor to live and fixed cells of resistant,
revertant and sensitive E. coli. Thus, this allows us
to clarify the differences in PBMC and monocytic
response between different subcultures of E. coli,
as well as to assess the effect on these indicators of
bacterial viability and to determine the proportion
of the lymphocytic cytokine response in the total
PBMC response to E. coli, which are distinctive in
antibiotic sensitivity.

1. Materials and Methods

The experiment used peripheral blood
mononuclear cells (PBMC) isolated from 6 healthy
donors (with no acute diseases and severe chronic
diseases) male and females aged 28 to 38 years and
monocytes isolated from the PBMC fraction of the
same donors by immunomagnetic separation. The
non-monocyte PBMC fraction—lymphocytes (LYM)
was obtained after the isolation of monocytes on an
immunomagnetic separator (positive fraction — non-
monocytes). All manipulations with human cells
have been approved by the Ethics Commission. The
work was carried out following the Code of Ethics
of the World Medical Association (Declaration of
Helsinki) for experiments involving human subjects.

1.1. Isolation of mononuclear fraction of cells

Heparinized human peripheral blood was
premixed with 6 % dextran to precipitate erythrocytes.
Incubated at room temperature for 1.5-2 hours.
After the incubation time, the supernatant was
precipitated at 300 g for 10 min at room temperature
to obtain a cell suspension. The resulting cell
suspension was fractionated on a Histopaque-1.077
density gradient (Sigma, USA) corresponding to the
buoyant density of human PBMC at 4 °C at 3000
rpm for 20 min. After that PBMC were collected and
washed by centrifugation at 300g for 10 min at room

temperature, after which they were resuspended in
RPMI-1640 culture medium containing 10 % fetal
bovine serum and 2 % L-glutamine (all from Sigma,
USA). In all experiments, a PBMC suspension with
a percentage of viable cells greater than 90 % was
used.

1.2 Isolation of monocytes by immunomagnetic
separation

Isolation of monocytes from the PBMC fraction
was performed using the Monocyte Isolation Kit
11, following the manufacturer’s protocol (Miltenyi
Biotec, Germany). Isolation was carried out using
the “Deplete” program, which carries out a negative
selection with the release of enriched monocytes.
The resulting population of monocytes was
centrifuged at 300 g for 10 min at room temperature.
In all experiments, a suspension of monocytes with
a percentage of viable cells greater than 90 % was
used.

1.3 Test cultures of microorganisms

In a study of the following strains were used:
1) resistant strain of Escherichia coli ATCC BAA-
2523 (ATCC) was conventionally designated as
“R” culture in the experiments [14], 2) a sensitive
Escherichia coli strain ATCC 8739 (ATCCO),
designated as “S” culture [15] and 3) a revertant
subculture of Escherichia coli was obtained
under experimental conditions earlier [16, 17]
from Escherichia coli ATCC BAA-196 (ATCC),
producing extended-spectrum beta-lactamase. In
the experiments, the subculture was conventionally
designated as “Rev”.

The bacteria were cultured on a solid nutrient
medium until the middle of the logarithmic growth
phase at a temperature of 37 = 1 °C. Bacteria for
research were prepared as described [16]. The study
used the minimum inducing concentration (MIC),
which was previously determined [16]. For the
resistant E. coli R strain, the MIC value was 103
CFU/ml, for the sensitive E. coli S strain and the
revertant E. coli Rev — 10* CFU/ml. The exposure
time of bacterial cells to formalin was determined
from the results of microbiological control of the
cultural survival [16].

1.4 Co-cultivation of cells with test cultures

PBMC and monocytes were plated in 96-
well flat-bottom plates (BD Falcon, USA) at a
concentration of 1x103 cells/well. Then to PBMC
and monocytes was added a certain strain of
E. coli at a concentration of MIC, in a volume of
100 pl/well.

Immunocompetent cells and bacteria were co-
cultivated in RPMI-1640 culture medium containing
10 % PBS and 2 % L-glutamine without antibiotics
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for 4 hours at 37 °C, 5 % CO, and 95 % humidity.
At the end of the incubation time, the plates were
centrifuged at 300 g for 10 min at room temperature
and the supernatant was collected for analysis.

1.5 Determination of cytokine concentrations

The quantitative determination of cytokines
was carried out by enzyme immunoassay using
commercial reagent kits for alpha-TNF-ELISA-
BEST, INTERLEUKIN-6-ELISA-BEST,
INTERLEUKIN-1 beta-ELISA-BEST (all from
VECTOR-BEST, Russia) according to the
manufacturer’s instructions. Measurement of optical
density and calculation of cytokine concentration
was performed on a Sunrise RC.4 microplate reader
(Tecan, Austria) using Magellan 2.0 software
(Tecan, Austria) at a wavelength of 450 nm with a
reference filter at 620 nm.

1.6 Statistical Data Processing

All studies were performed in triplicate. For all
data, the arithmetic means and standard deviation
from the mean were calculated. The significance of
differences between experimental data was assessed
using GraphPad Prism version 6.00 for Windows
(GraphPad Software, La Jolla California USA), us-
ing One-way ANOVA, Column Statistics, and un-
paired t-test. Values of the confidence level P > 0.05
were considered insignificant.

2. Results and Discussion

Innate immune cells respond to a variety of
stimuli, including bacterial, viral, parasitic, or
fungal infections, through structurally related
receptors called Toll-like receptors (TLRs). TLRs
are evolutionarily conserved type I transmembrane
receptors that provide a critical link between innate
and adaptive immunity. TLRs can individually
respond to a limited, specific number of microbial
pathogen-associated molecular patterns (PAMP).
VitaPAMP, a subset of PAMP specifically
expressed by living microorganisms, are indicative
of microbial viability. VitaPAMP elicits a strong
inflammatory response to counter the heightened
threat posed by living microbes compared to
their dead counterparts [18]. The interaction of
these structures with TLR on innate immune cells
regulates the induction of more efficient adaptive
immune responses [19-21]. This recognition
initiates an intracellular signalling cascade, which
culminates in the activation of multiple genes
for the pro-inflammatory and immune response.
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Pro-inflammatory cytokines, in particular TNF-a,
IL-1p and IL-6, provide additional signals due to the
activation of co-stimulating and adhesive molecules,
which are necessary for the activation of adaptive
immune cells and the subsequent development of
protective immune responses against infectious
antigens [22, 23].

2.1 Production of IL-1 by immunocompetent
cells and IL-1p inducing activity of vitaPAMP and
PAMP structures of sensitive, resistant and revertant
subcultures of E. coli

As a result of a comparative study of the
inducibility threshold of cytokine production
by human mononuclear cells, monocytes and
lymphocytes under the influence of living and
fixed cells, sensitive, resistant and revertant
E. coli cultures, it was found that the level of
immunogenicity of PAMP and vitaPAMP structures
of these test cultures can differ significantly.

Our studies have shown that the proportion of
lymphocytic cytokine response in the total PBMC
response for all studied cytokines was insignificant
(from 2 to 7 %) and did not depend on the viability
and antibiotic sensitivity of the test cultures (data
not presented).

In response to stimulation by sensitive and
resistant E. coli living cells (Figure 1), lower
production of IL-1f by monocytes was detected
compared to PBMC. Induction by the revertant
culture of E. coli showed no significant difference.
Upon stimulation of immunocompetent cells by fixed
E. coli R and E. coli Rev, the threshold production
of IL-1P in PBMC was significantly higher than in
monocytes.

The threshold production of IL-1f was
significantly (P < 0.0001) higher in response to
stimulation of immunocompetent cells (PBMC,
MON) by living cells of test cultures, i.e. the
vitaPAMP structures of the cultures were more
immunogenic compared to their PAMP structures.
An exception was the induction of PBMC E. coli
Rev, where there was no significant difference
between the PAMP and vitaPAMP structures of this
strain. It was found that upon induction of PBMC
IL-1B, the inducing activity of vitaPAMP structures
of the sensitive strain is significantly higher than
that of the revertant E. coli strain, moreover, the
PAMP structure of this strain has significantly low
immunogenicity, except for E. coli Rev, where a
slight increase in IL-1p inducing activity of PAMP
structures (Figure 2).
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Figure 1 — IL-1 production by immunocompetent cells, induced by |
iving (A) and fixed (B) cells of sensitive (S), resistant (R) and revertant (Rev) E. coli subcultures. All data represent
means + SEM and are significantly different comparing PBMC and MON by fixed E. coli Rev structures
(**P = 0.004, ****P < 0.0001)
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Figure 2 — IL-1f inducing activity of vitaPAMP and PAMP structures
of sensitive (S), resistant (R) and revertant (Rev) subcultures of E. coli. All data represent means
+ SEM and are significantly different comparing vitaPAMP and PAMP E. coli subcultures (*P = 0.04, **P < 0.005,
**¥P =(0.0002, ****P < 0.0001 )

2.2 Production of IL-6 by immunocompetent
cells and IL-6 inducing activity of vitaPAMP and
PAMP structures of sensitive, resistant and revertant
subcultures of E. coli

Stimulation by living cells of a sensitive
and resistant E. coli culture caused comparable
levels of IL-6 production by PBMC and
MON. Whereas, the vitaPAMP structures of

the revertant culture were recognized mainly
by monocytes and led to a significantly (P <
0.0001) greater release of IL-6 (Figure 3).
The study of the threshold production of
IL-6 by immunocompetent cells under the
influence of fixed cells of test cultures did not
reveal a significant differential response by
immunocompetent cells (Figure 3).
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Figure 3 — IL-6 production by immunocompetent cells, induced by living (A)
and fixed (B) cells of sensitive (S), resistant (R) and revertant (Rev) E. coli subcultures. All data represent
means + SEM and are significantly different comparing PBMC and MON by living E. coli Rev structures (****P < 0.0001 )

Comparison of IL-6 production by
immunocompetent cells showed that IL-6 inducing
activity of resistant and revertant E. coli cultures
does not depend on cell viability. In contrast, in
a susceptible strain, the loss of viability more
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than halves the production of IL-6 (Figure 4).
IL-6 inducing activity of vitaPAMP and PAMP
structures showed significant differences between
susceptible, resistant and revertant cultures
(Figure 4).
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Figure 4 — IL-6 inducing activity of vitaPAMP and PAMP structures of sensitive (S),
resistant (R) and revertant (Rev) E. coli subcultures. All data represent means + SEM

and are significantly different comparing vitaPAMP and PAMP E. coli subcultures (*P < 0.05, ****P < (0.0001)

2.3 Production of TNF-a by immunocompetent
cells and TNF-a inducing activity of vitaPAMP
and PAMP structures of senmsitive, resistant and
revertant subcultures of E. coli

The study of the threshold production of TNF-a
by immunocompetent cells showed a reliable (P
= 0.0008) differential response to the induction
of PBMC and MON by living cells only by
E. coli Rev culture (Figure 5).
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Analysis of the level of TNF-o production by
immunocompetent cells in response to a stimulus by living
and fixed cells revealed that the vitaPAMP structures of
test cultures are significantly more immunogenic than
their PAMP structures (Figure 6). In contrast, the opposite
picture is observed with the induction of PBMC E. coli
Rev, where the immunogenicity of PAMP was slightly
higher than with the stimulation of vitaPAMP structures
of this strain (Figure 6).
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Figure 5 — TNF-a production by immunocompetent cells, induced by living (A)
and fixed (B) cells of sensitive (S), resistant (R) and revertant (Rev) E. coli subcultures. All data represent
means + SEM and are significantly different comparing PBMC and MON by living E. coli Rev structures (***P = 0.0008)
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Figure 6 — TNF-a inducing activity of vitaPAMP and PAMP structures of sensitive (S), resistant (R)
and revertant (Rev) E. coli subcultures. All data represent means = SEM and are significantly different
comparing vitaPAMP and PAMP E. coli subcultures (**P < 0.009, ***P = 0.0004, ****P < 0.0001)

In general, activation of the mechanisms of innate
immunity and the induction of production of the main
proinflammatory cytokines are known to be caused
by the interaction of both PAMP and molecules
associated with virulence with the PRR receptors of
the cells of the natural immune system, as a result of
which a protective inflammatory response is induced
for an effective fight against infections [24-26]. It is
also known that living bacteria induce much more
pronounced immune responses than their preserved
(fixed) counterparts [27, 28]. This is explained by
the ability to live microorganisms to reproduce and
express specialized virulence factors and additional
antigens, such as mRNA (vitaPAMP), which activate
a pronounced host immune response [29].

Fixed bacterial samples contain only
conserved antigenic structures, of which the
LPS molecule (PAMP) is the main one. If it has
low immunogenicity, then such a fixed sample
does not cause proper activation of immunity, as
evidenced by our data on archival strains of E. coli:
antibiotic-susceptible strain — E. coli ATCC 8739
and antibiotic-resistant strain — E. coli ATCC BAA-
2523 (data not published).

It can be assumed that the phenomenon of the
revertant subculture of E. coli may be associated with
changes in the antigenic characteristics of bacteria. In
the present study, we used an £. coli subculture, whose
sensitivity to gentamicin was restored under experimental
conditions [17]. Previously, it was shown that as a result
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of long-term interaction of the FS-1 preparation with
bacteria, a “new or acquired” phenotype is formed,
which, possibly, as a result of changes in the genomics,
proteomics, and metabolomics of bacteria, leads to a
conjugate change in the expression and architectonics
of immunogenic molecular structures, and reversal of
antibiotic sensitivity [16].

Inaddition, acomparative analysis of the threshold
levels of cytokines produced by immunocompetent
cells in response to a stimulus from £. coli, which are

E.coll &
A ﬂ
E.calis
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distinct in antibiotic sensitivity, showed a different
orchestration of cytokines.

To determine the proportion of each cytokine
in the total cytokine response, the data obtained
were converted into percentage ratios, where a
shift was noted in the quantitative contribution of
each cytokine to the total cytokine response by
immunocompetent cells to a stimulus by life and
killed cells of sensitive, resistant and revertant E.
coli cultures (Figure 7).
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Figure 7 — Orchestration of cytokines (A) PBMC to live cells, (B) MON to live cells,
(C) PBMC to fixed cells, (D) MON to fixed E. coli cells
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It should be noted that both mononuclear
cells and monocytes reacted to stimulation by
living cells of sensitive E. coli S with emission of
~30 % (IL-1pB): ~40 % (IL-6): ~30 % (TNF-a), to
non-viable cells of this culture, a more anti-
inflammatory response was obtained. Whereas the
cytokine response obtained by immunocompetent
cells to a stimulus by fixed E. coli R and E. coli
Rev cells are characteristic of inflammasome
inflammation.

Such a change in the levels of early mediators of
the acute phase response may indicate a differential
response of cellular receptors and signalling
pathways of immunocompetent cells to antibiotic-
resistant and sensitive bacteria.

The orchestration of the cytokine response
is probably associated with the mechanisms of
induction and the features of the regulation of
signalling pathways. As is known, the effective
and sustained action of proinflammatory cytokines
depends on synergism with other cytokines and
antagonism of opposing cytokines, which are often
highly expressed in inflammatory foci [30].

Conclusion

Thus, the relationship between antibiotic
sensitivity and the cytokine-inducing potential of
E. coli has been studied. When studying the
cellular mechanisms of induction of an innate
immune response to archival living and fixed cells
of sensitive and resistant strains, as well as the
revertant subculture of E. coli, a difference in the
immunogenicity of PAMP and vitaPAMP structures

of test cultures was revealed. It has been shown that
in response to fixed cultures of E. coli S and E. coli
R, there is a decrease in the threshold level of IL-
1B, IL-6 and TNF-a production, both in PBMC and
in monocytes, compared to the level of cytokine
production, induced by live bacteria. Whereas fixed
cells of revertant E. coli caused a higher production
of proinflammatory cytokines PBMC than living
cells of this culture.
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