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Pesome. PazButne peumauBupyoIInx WHGEKIN MoueBbIBoaImmx myreit (MMII) cBsi3aHO, B TIepBYIO
ouepellb, CO CIOcCOOHOCThIO Escherichia coli o6pa3oBbIBaTh OMOTIEHKU. B3aumoaelicTBue HEMTpodUIoB,
(aKTOPOB BPOXKICHHOTO MMMYHHUTETa C MUKPOOPTaHM3MaM1 B OMOIICHKAaX 3aTPYIHEHO IO CPaBHECHMIO C
TUTAHKTOHHBIMU (hOpMaMU U3-3a OTCYTCTBUS MPSIMOTO KOHTAKTa, a TakKXKe U3-3a aHTU(ArOLUTApHOTO Jeii-
CTBUSI BHEKJIETOUYHOTO MaTpukca ouoruieHoK. Llenb naHHOro ucciaenoBaHusi — olleHKa (haroluTapHoi 1
OKUCJTUTEJIbHON aKTUBHOCTU HEUTPOMUIIOB MPU B3aMMOJEMCTBUU ¢ OMOTUIEHKAMM ypoTlaToreHHbIX E. coli
(UPEC) DL82 u R44. Heuitpodunbl niepudeprudeckKoil KpoBU 310POBLIX MY>KUWH BBIICJSIJIN C TTIOMOIIbLIO
JIBYXTpaJeHTHOro (pukona-yporpadurHa, MHKyOMPOBa/Iu B TeueHUe 1 4 ¢ KJIeTKaMu 0aKTepuii 13 Ouorie-
HOK WJIM MX CyllepHaTaHTaMM, IT0CJIe YeT0 OLeHUBaIN (PyHKIIMOHAJIBbHYIO aKTUBHOCTD JeKOMTOB. daro-
HUATAPHYIO aKTUBHOCTb HEUTPOMDUIIOB OMPEALSIISIIN 10 CTETICHM TrallieHUSI OMOJIOMUHECLICHIIMM CBETSIIIECTOCS
wtamMma E. coli K12 TG1 lux® (pXen) npu ux norjouieHuu HeTpodbuimamMu. [IponyKiyio BHEKJIETOUHBIX
aKTUBHBIX (hopM Kuciopoaa (APK) aHaIu3MpoBaJIv 110 MHTEHCUMBHOCTU JTIOMUHOJI3aBUCUMOI XeMUJITIOMU -
HECIICHIIMU B CIIOHTAHHOM U CTUMYJIUpOBaHHOM KieTkamu E. coli K12 BapmanTax. JIoCTOBEpHOCTD pa3iin-
YUl onipenesisyiv ¢ iomolilbio Kputepust CteroaeHTa rpu p < 0,05. YcTaHOBIEHO, YTO B3auMOAECTBIE HEli-
TpoUJIOB ¢ KjIeTKaMU MM cynepHaTaHTamu ornoruieHKr UPEC He Bausiio Ha ¢parouTapHylo aKTUBHOCTb.
CynepHataHThl E. coli DL82 cHuxanu crionTaHHyto nipoaykinio ADK HeiiTpodmiamu 1o cpaBHEHUIO C
KOHTpPOJIEM U KJIeTKamMu ouorieHoK. CyrnepHaTtaHThl E. coli R44 ¢ HU3KMM BUPYJIEHTHBIM MOTEHLIMAJIOM He
BavsIM Ha Tiponykiuio ADK Helitpodmramu, B To BpeMsT KaK KJISTKH OMOTICHKH ee cTUMympoBanu. [1pu
OLICHKE CTUMYJIMpoBaHHoOM npoaykiimn ADK BozneiicTBue cynepHaTaHTOB ITaMMa R44 He BbI3bIBAIO CHU-
JKCHUSI CITOCOOHOCTH HEUTPOMMIOB K aKTUBAIIMU B OTBET Ha BHEIITHUI pa3npaxXurtenb (kKiieTku E. coli K12).
TlpenBapuTenbHbIN KOHTAKT HEUTPODUIOB ¢ bakTepusimu E. coli R44 npuBoanII K BBICOKOMY U JUTUTEIbHOMY
ypoBHIio npoaykinu ADPK no cpaBHeHMIO ¢ KOHTpoJieM. B3anMonaeiicTBue HeiTpoduiaoB ¢ KiaeTkamu DL82
MPUBOAUIIO K 6osiee Bicokomy ypoBHIO ADK 110 cpaBHEHMIO ¢ cyliepHaTaHTaMU, OJJHAKO HaOJI01aJIOCh TT0-
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crenymolee ObICTPOE UCTOLIEHUE OKUCIUTEIBHOTO MOTeHIIMala HeiTpodmioB. TakuMm 06pa3oM, KIIETKU U
cynepHaTaHThl OuoruieHok UPEC MoryT onpeneiste akTUBallUMIO HEUTPODUIIOB.

Karoueeswie crosa: nelimpoghunvt, akmugnvie ghopmol Kucaopoda, ghacoyumos, ouonsenxu, Escherichia coli, UPEC

PHAGOCYTOSIS AND OXIDATIVE ACTIVITY OF NEUTROPHILS
AFTER INTERACTION WITH UROPATHOGENIC ESCHERICHIA
COLI BIOFILMS

Maslennikova I.L., Nekrasova L.V., Kuznetsova M.V.

Institute of Ecology and Genetics of Microorganisms, Ural Branch, Russian Academy of Sciences, Branch of Perm
Federal Research Center, Ural Branch, Russian Academy of Sciences, Perm, Russian Federation

Abstract. Recurrent urinary tract infections (UTIs) are associated primarily with the ability of Escherichia
coli to form biofilms. The interaction of neutrophils, factors of innate immunity, with microorganisms
in biofilms is difficult compared to planktonic forms due to the lack of direct contact, as well as due to the
antiphagocytic action of the extracellular matrix of biofilms. The purpose of this study was evaluation of
neutrophils phagocytic and oxidative activity during interaction with biofilms of uropathogenic E. coli (UPEC)
DLS82 and R44. Peripheral blood neutrophils from healthy men were isolated using ficoll-urographin double
gradient, incubated for 1 h with bacterial cells from biofilms or their supernatants, then leukocytes functional
activity was evaluated. Phagocytic activity of neutrophils was determined by the degree of bioluminescence
inhibition of bioluminescent strain E. coli K12 TGI1 lux* (pXen) upon their absorption by neutrophils.
Production of extracellular reactive oxygen species (ROS) was analyzed by the intensity of luminol-dependent
chemiluminescence in spontaneous and stimulated by E. coli K12 variants. Significance of differences was
determined using Student’s t-test at p < 0.05. It was found that neutrophils interaction with UPEC biofilm cells
or supernatants did not affect the phagocytic activity. E. coli DL82 supernatants reduce neutrophils spontaneous
ROS production compared to control and biofilm cells. E. coli R44 supernatants with a low virulence potential
did not affect ROS production, while biofilm cells stimulated it. When assessing stimulated ROS production,
exposure to R44 strain supernatants did not cause a decrease in neutrophils activation in response to an external
stimulus (E. coli K12 cells). Preliminary contact of neutrophils with E. coli R44 bacteria resulted in a high and
prolonged level of ROS production compared to the control. Neutrophils interaction with DL82 cells resulted
in a higher level of ROS compared to supernatants, however a subsequent rapid depletion of neutrophils
oxidative potential was observed. Thus, cells and supernatants of UPEC biofilms can determine the activation
of neutrophils.

Keywords: neutrophils, reactive oxygen species, phagocytosis, biofilms, Escherichia coli, UPEC

The study was carried out within the frame-
work of the state task AAAA-A19-119112290009-1
and with the financial support of the Russian
Foundation for Basic Research and the Perm krai,
No. 19-44-590014 r_a.

Introduction

During urinary tract infections (UTI), Escherichia
coli must overcome several lines of defense [3],
among which neutrophils are the most effective [6].

Counteraction to antimicrobial mechanisms of host
innate immunity may depend on the virulent potential
of “biofilm” bacteria [8] and be achieved by enhanced
synthesis of structural and functional proteins of
E. coli cell wall, allowing the integrity of the bacterial
cell to be maintained.

Neutrophils play a key role in the fight against
pathogenic microorganisms in biofilm during the
infection by performing phagocytosis, releasing toxic
enzymes and reactive oxygen species (ROS) from
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granules, and extracellular traps (NETSs) [7]. However,
the interaction of neutrophils with microorganisms in
biofilms is difficult compared to planktonic forms due
to the lack of direct contact between neutrophils and
bacteria in biofilm [2] as well as the antiphagocytic
effect of extracellular matrix of biofilms [9].

The current research aims are to estimate phago-
cytosis and oxidative activity of neutrophils after
interaction with biofilms of uropathogenic E. coli
(UPEC) DLS82 and R44.

Materials and methods

Neutrophils from peripheral blood of healthy men
(n = 3-6) were isolated using double gradient Fikoll—
Urografin (1.077 and 1.112 g/mL) centrifugation at
400 x g. Cell purity and viability of neutrophils were
97% (Trypan Blue assay).

Escherichia coli D182 was a reference strain from
Ex culture collection of the University of Ljubljana,
Slovenia. E. coli R44 was isolated from patients with
UTI in Perm, Russian Federation. Bacteria (10°/mL)
were grown in 96-well plates in LB (Sigma-Aldrich,
USA) for 24 h. Cell-free supernatants (CFS) were
collected from the wells and sterilized by filtration
(pore diameter 0.22 pum). Bacteria were released
from biofilms by ultrasound (Elma Ultrasonic 30S;
5 times for 1 min) and resuspended in RPMI-1640.
In the “neutrophil-bacteria” system, neutrophils
(250 pL in RPMI; 10° cells/mL) were cultured with
UPEC biofilm cells (100 pL of suspension) for 1 h.
Then the supernatant was removed, and the pellet was
resuspended in 400 pL of colorless Hanks’ Balanced
Salt Solution (HBSS). In the “neutrophil — CFS”
system, neutrophils (250 uL in RPMI; 10° cells/mL)
were cultured with UPEC CFS (250 pL) for 1 h, and
then supernatants were removed and the pellet was
resuspended in 400 uL of HBSS.

Analysis of the phagocytic activity of neutrophils
was performed as described previously [4]. Lyophilized
bioluminescent E. coli K12 TG1 lux® (pXen) [1] were
rehydrated in cold 0.89% NaCl for 30 min at 4°C and
then for 30 min at 20°C. A reaction mixture consisted
of 20 uL of E. coli K12 TG1 lux* (10¥8 CFU/mL),
20 uL of serum (50% solution in 0.89% NaCl), and
neutrophils (160 pL, 10° cells/mL) in 96-well white
plates. The control was 20 uL E. coli K12 TG1 lux®
(108 cells/mL), 180 uLL of HBSS or 20 uL E. coli K12
TGI lux* (108 cellsymL), 20 uL 50% serum, 160 pL
HBSS. Bioluminescence was measured at 37 °C for
40 min on a microplate reader (Synergy H1, BioTek,
USA). Phagocytic activity was calculated as the degree
of bioluminescence inhibition: (Ik — Io)/Ik x 100%,
where Ik, lo are the bioluminescence of E. coli K12
TG1 lux* without/with neutrophils, respectively.
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Figure 1. Phagocytosis of neutrophils exposed to CFS (2, 3)
and biofilm bacteria (5, 6) of UPEC DL82 (2, 5) and R44 (3, 6)
Note. *, significant difference with the control without neutrophils. 1, LB;
4,0.89% NaCl.

The production of extracellular reactive
oxygen species (ROS) was analyzed as described
previously [4]. To 20 uL of neutrophils (10°¢ cells/mL)
was added 220 pL of the reaction mixture to assess
either spontaneous level of ROS production (180 L
of 1 mM luminol sodium salt (Sigma, USA), 40 uL
of HBSS) or stimulated ROS production (180 uL
of 1 mM luminol sodium salt, 20 puL E. coli K12
(10* CFU/mL), 20 uL serum pool (50% solution in
0.89% NaCl)) in a 96-well plate. Luminescence was
assessed for 60 min at 37 °C using a microplate reader
(Synergy H1, BioTek, USA).

The results were processed statistically using
Microsoft Office XP Excel. The data are presented
as M*SD. The significance of differences was deter-
mined with a Student’s t-test at p < 0.05.

Results and discussion

The strains of E. coli DL82 and E. coli R44 were
characterized by the same biofilm biomass (OD570:
0.90-1.14), but E. coli DL82 had a wide range of
virulence factors (fimH, papC, papGll, sfaDE, hilyA,
usp, fyuA, iucD, iroCN, iroN) as opposed to R44 [5].

Figure 1 suggests that inhibition of E. coli TG 1 lux*
luminescence was observed by 51-62% in all variants
with neutrophils. Thus, pretreatment of neutrophils
with CFS of FE. coli DL82 and E. coli R44 or their
interaction with UPEC biofilm cells did not affect
neutrophil phagocytosis.

We observed that CFS of E. coli DL82 strain
reduced spontaneous ROS production of neutrophils
compared to LB and biofilm cells (Figure 2A, B).
The CFS of E. coli R44 with a low virulence potential
had no effect on ROS production of neutrophils,
while the biofilm cells stimulated it (Figure 2A, B).
This, apparently, may indicate about more effective
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Figure 2. Extracellular spontaneous ROS production
of neutrophils exposed to CFS (A) and biofilm cells (B)
of E. coli DL82 and E. coli R44 strains

Note. *, significant differences compared to the control; #, significant
differences between biofilm cells and CFS effect. RLU, relative light
units.

elimination of UPEC pathogens with a low virulence
potential from the inflammation sites.

In the system of stimulated ROS release, exposure
to CFS of the R44 strain did not cause a decrease in
the ability of neutrophils to be activated in response to
an external stimulus (E. coli K12 cells) (Figure 3A).
The low activation of neutrophils by CFS of DL&2,
comparable to control, is probably associated with the
damaging effect of “biofilm” supernatants on neut-
rophils [5].

Preliminary contact of neutrophils with bacteria of
E. coli R44 resulted in a high and prolonged level of
ROS production compared to the control (Figure 3B).

References

A

800
700
600
500
400
300
200
100

=—o==Control
o-LB

—e—DL32

—o -R44

RLU

900
800
700
600
500
400
300
200
100

—c— Control

o= 0.9% NaCl
—e—DL82
R44

RLU

—

0 10 20 30
Time, min

40 50 60

Figure 3. Extracellular stimulated ROS production
of neutrophils exposed to CFS (A) and biofilm cells (B)
of E. coli DL82 and E. coli R44 strains

Note. *, significant differences compared to the control ; #, significant
differences between biofilm cells and CFS effect.

The interaction of neutrophils with DL82 cells led
to a higher level of ROS compared to CFS, but the
subsequent rapid depletion of the oxidative potential
of neutrophils was observed.

Conclusion

Thus, the virulence potential of UPEC strains
can determine neutrophil activation upon direct
contact with both bacteria cells and their “biofilm”
supernatants. It is possible that the severity of UTI
may be determined by the functional activity of
neutrophils, namely, the features of their interaction
with bacterial biofilm structures.
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