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The effect of activation of Toll-like receptors (TLR) on presentation of CD11b adhe-
sion molecule at the granulocytes surface in children of different age with recurrent in-
fections was investigated. Stimulation of TLR2, TLR4, TLR7/TLR8 by agonists led to
a significant increase of the content of integrin CD11b in the granulocytes cytoplasmic
membrane.

The amount of CD11b after stimulation of TLR7/8, was lower in groups of children
with recurrent infections, compared with matched-age control groups. The amount of
integrin CD11b on granulocytes surface, following activation TLR, did not differ statisti-
cally between the studied and control groups of different ages.

In addition, we analyzed the ligand-dependent content of CD11b in granulocytes
surface membrane of each group. Thus, in the control groups, amount of CD11b did not
differ statistically after incubation of blood cells with agonists of TLRs (LPS, R848 and
PGN). Conversely, in groups of children with recurrent infections, levels of induced
CD11b production were statistically distinctive depends on ligands and the lowest con-
tent of CD11b was obtained after incubation of blood cells with R848.

Thus, exploring the influence of TLR activation on the amount of integrin CD11b on
the granulocyte’s surface showed that the growth rate of CD11b after activation, inde-
pendent of age. Groups of children with recurrent infections showed significantly lower
amount of CD11b on granulocytes after activation of TLR7/8, compared with age-
matched control groups. Such a decreased presentation of adhesion molecules at gra-
nulocyte’s surface in response to TLR7/8 stimulation by R848 can lead to preventing
migration of granulocytes to the infection site and promote an increased sensitivity to
viral infections and bacterial complications.
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INTRODUCTION

Granulocytes form the first and most prominent line of cellular defense against in-
vading microorganisms. Active recruitment of granulocytes to the sites of infection is
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fundamentally important for the innate immune system. Phagocytes binds to and ingest
microorganisms by a process known as phagocytosis, which typically triggers the pro-
duction of reactive oxygen species (ROS) and the fusion of cytoplasmic granules with
pathogen-containing vacuoles. The combination of neutrophil and granule components
is highly effective in killing most bacteria and fungi [9]. Toll-like receptors (TLRs) are type
1 transmembrane receptors that play an important role in innate immune recognition of
pathogens [14]. Recognition of conserved molecular patterns of microbial cell walls by
these invariant, germ line — produced receptors leads to activation of cascade of signal
transduction resulting in cellular activation and cytokine releasing in both immune and
nonimmune cells [5]. Human neutrophils produce most of the TLRs marked as: TLRs 1,
2,4,5,6,7,8,9,and 10.

Signaling through these receptors (triggered by purified stimuli for these receptors)
results in the production of interleukin-8 (IL-8), triggers the shedding of L-selectin on
their surface, primes for N-formylatedmethionine- leucine-phenylalanine peptide (fMLF)-
mediated superoxide production, increases the rate of phagocytosis, and decreases
IL-8-induced chemotaxis. [5]. Although antiviral immunity has classically been studied in
terms of the adaptive arm of the immune system, much evidence exists to suggest that
early stage innate immunity plays an important role. Presence of TLR recognizing viral
antigens TLR7, TLR8 and TLR9 on granulocyte’s surface, indicates the active involve-
ment of these cells into defense against viral infections. Granulocytes activation medi-
ated by these receptors leads to the synthesis of IL-8, MMP-9, proteolytic proteins and
induces the production and deposition of NETs [4, 8]. Thus, TLR and granulocytes — are
the key components of innate immunity that protect against a wide spectrum of patho-
gens. Activation of granulocytes mediated by TLRs provides timely realization of effec-
tor functions and elimination of the pathogen. Disturbance of the functioning TLR leads
to decreased functional activity of cells, which contributes to susceptibility to bacterial
and viral infections [1, 10].

Our aim was to investigate changes in the exposure of CD11b on the surface of
granulocytes, after activation of Toll-like receptors in children with recurrent infections.

MATERIALS AND METHODS

After informed consent of parents were taken, heparin-treated blood was sampling
from 18 healthy control subjects and from 25 patients with recurrent respiratory infec-
tions with accompanied by bacterial complications (otitis, pneumonia, sinusitis). The
healthy control subjects were divided into two groups — control group-1 (n = 5, median
age = 2 years) and control group-2 (n = 13, median age = 9 years). Patients with recur-
rent infections were divided into two groups as well — studied group-1 (n = 14, median
age = 1 year and 7 months) and studied group-2 (n = 11, median age = 8 years). Sam-
ples of blood in volume 100 pL were incubated for 1 hour without stimulation or with TLR
agonists, at 37 °C in a humidified atmosphere containing 5% CO,. TLR agonists were
added to probes in concentrations: peptidoglycan from Staphylococcus aureus, agonist
for TLR2 (“Sigma Aldrich”, USA), 11 ug/mL; lipopolysaccharide (LPS) from Escherichia
coli, agonist for TLR4 (“Sigma Aldrich”, USA) -100 ng / mL: synthetic analogue of the
single-stranded RNA — resiquimod (R848) agonist for TLR7/8 — (“Sigma Aldrich”, USA) —
3.3 ug / ml and PMA (Sigma, P-8139), 90 ng/mL. After the activation of patient’s blood
cells, erythrocytes were lysed in FACS lysing solution (“BD Science”, USA), and cells
were washed in Cell Wash solution («Sigma Aldrich», USA). The contents of each tube
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were incubated for 15 minutes on ice with the phycoerythrin — conjugated anti-human
CD11b antibodies. The samples were analyzed by flow cytometry, and the results were
shown as histograms of events gated on granulocytes in an sideward scatter/ forward
diagram, with the mean calculated in each case. Granulocytes were identified using
their light-scattering properties. For each sample, 10 000 events were recorded. CD11b
amount at the granulocytes membrane surface was expressed in mean fluorescence
intensity (MFI).

Data analysis. A significance of differences between the groups was calculated
using Student’s t-test. P<0.05 was considered to be statistically significant.

RESULTS AND DISCUSSION

CD11b belongs to the integrin family and is presented on membrane surface of
neutrophils, monocytes, natural killer cells, and a subset of lymphocytes [13]. Our inves-
tigation obtained that the level of spontaneous CD11b production in a studied group-1
was 182.8+76.6 MFI, and did not differ statistically compared to the control group-1
232.8+63.9 MFI. The spontaneous amount of CD11b on granulocyte’s surface in stu-
died group-2 was 177.6+43.8 MFI, and also did not differ statistically compared to con-
trol group-2 (214.7£100.5 MFI) (Fig. 1, 2).

Incubation with the peptidoglycan (PGN) led to a significant increase in the level of
integrin CD11b on the surface of granulocytes. PGN is the major component of the cell
wall of gram-positive bacteria. In vitro, PGN isolated from conventional bacterial cul-
tures can induce secretion of proinflammatory cytokines by human monocytes, indica-
ting that PGN may be involved in immune responses against infections by gram-positive
bacteria [10]. PGN was chosen as a stimulus due to its known ability to stimulate CD11b
cells through Toll-like receptor 2 [2, 3]. We have shown that the level of CD11b in control
group-1 and studied group-1 was increased after PGN stimulation of blood cells
(578.1£119.0 MFI and 573.3.+150.7 MFI, respectively, P = 0.07) (Fig. 1). The level of
CD11b in control group-2 was 573.5£181.6 MFI and did not differ compare to studied
group-2 — 624.4+132.9 MFI (P = 0.3). The data show that the activation of TLR2 by PGN
lead to increased level of CD11b on the granulocyte’s surface, but without statistical dif-
ference between groups.

TLR7 and TLR8 are the representatives of group of intracellular receptors that re-
cognize single-stranded viral RNA (ssRNA) enriched by guanosine [14]. Since ssRNA
are not specific component of pathogens, compartmentalization — endosomal or fago-
somal — is necessary to avoid autoimmune reactions [6]. It is known that activation of
TLR7 and TLR8 leads to the synthesis of cytokines IL-6, IL-8 and other proinflammatory
mediators, which demonstrates the importance of these receptors in the antiviral activity
of granulocytes [8, 14]. Incubation with synthetic agonist of TLR7/8 — R848, led to a less
intensive magnification of amount of CD11b compared to incubation with PGN. Studied
group-1 showed lower level of CD11b expression — 366.1+90 MFI compared to control
group-1459.2+105.8 MFI, P <0.01 (Fig. 1) as well as studied group-2 (387.8+72.1 MFI)
compared to control group-2 — 506.8+174.0 MFI, P <0.05 (Fig. 2). Both studied groups
showed lower presentation of CD11b on granulocyte’s surface after activation of TLR7/8
comparing with matched control groups.

As PGN, other bacterial components — lipopolysaccharide (LPS) leads to a signifi-
cant increase in the CD11b expression level on the surface of granulocytes. The level of
expression of CD11b in a studied group-1 was 470.3+118.1 MFI and there was no sta-
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Mean fluorescence intensity of CD11b adhesion molecules, bounded with phycoerythrin—conjugated
anti-human CD11b antibodies on the granulocytes membrane surface in control group-1 and studied
group-1 after incubation with Toll-like receptors (TLR) agonists. PGN — peptidoglycan, which acti-
vates TLR2; R848 — resiquimod, which activates TLR7/8; LPS — lipopolysaccharide, which activates
TLR4; *— P < 0.01, as compared with the control group

CepepHs iHTeHCUBHICTb dnyopecueHuii CD11b agre3avBHUx mMonekyn, MideHnx hikoepuTprUH-KOH'to-
rOBaHWMW MOHOKITOHANbHUMMW aHTUTINamu, Ha NOBEPXHi MeMBpaHu rpaHynoumMTIB y KOHTPOIbHIl rpy-
ni-1 i gocnimxysaniv rpyni-1 nicns iHkybauii 3 aroHictamu Tonn-nodibHunx peuenTopis (TLR): MMH —
nenTuaornikaH, skui aktmeye TLR2; R848 — pesuksimos, sikuii aktueye TLR7/8; NNMNC — ninononica-
xapwvg, skun aktuye TLR4; *— P < 0,01 pisHnusa 4OCTOBIpHA MOPIBHAHO 3 KOHTPONeM
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Mean fluorescence intensity of CD11b adhesion molecules bounded with phycoerythrin-conjugated
anti-human CD11b antibodies on the granulocytes membrane surface in control group-2 and studied
group-2 after incubation with Toll-like receptors (TLR) agonists. PGN — peptidoglycan, which activates
TLR2; R848 — resiquimod, which activates TLR7/8; LPS — lipopolysaccharide, which activates TLR4;
*— P < 0.05, as compared with the control group

CepepHs iHTeHcMBHICTb dnyopecueHuii CD11b agreanBHux monekyn, MiveHux ikoepuTpUH-KOH'1o-
roBaHWMM MOHOKITOHANbHUMW aHTUTINaMu, Ha NOBEPXHi MemMBpaHu rpaHynounTIB Y KOHTPOSbHIN rpy-
ni-2 i gocnigpKyBaHin rpyni-2 nicns iHky6auii 3 aroHictamu Tonn-nogibHunx peuentopis (TLR): MMH —
nentugornikaH, sku aktueye TLR2; R848 — peavksimopg, sikuii aktnye TLR7/8; NMNC — ninononica-
xapwug, sikuin aktuye TLR4; *— P < 0,05 pisHuusa 4OCTOBIpHA MOPIBHSHO 3 KOHTPONEM
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tistically difference compared to the control group-1 — 554.3+193.2 MFI P = 0.2 (Fig. 1).
The amount of CD11b after incubation of blood cells with LPS in studied group-2
(527.7+112.8 MFI) also did not differ compare to control group-2 (500.4+195.1 MFI,
P = 0.4) (Fig. 2). As data show, bacterial components — PGN and LPS lead to intense
increase in the CD11b amount on granulocyte’s surface, but without statistical diffe-
rence between groups.

Experimental data showed that the level of induced expression of CD11b differ
depending on the group and selected TLR ligands. In addition, we decided to analyze
does levels of production of CD11b in each group, differ depending on the ligands.
Thus, in the control group, levels of expression after incubation of blood cells with LPS,
R848 and PGN did not differ statistically. Conversely, in the studied groups levels of in-
duced CD11b expression were statistically different depends on ligands and the lowest
level of amount of CD11b was after incubation of blood cells with R848 (data not shown).

To find out whether TLR activation depends on age, we compared the amount of
integrin CD11b following activation of TLR between studied and control subgroups. The
amount of CD11b on granulocytes after activation of TLR did not differ between studied
group-1 and studied group-2. Either, the amount of integrin CD11b on granulocytes fol-
lowing activation of TLR did not differ between control group-1 and control group-2.
Also, there was no correlation found between age and the amount of CD11b on granu-
locytes, after TLR activation (data not shown). Based on these data, we can suggest
that this mechanism of TLR activation is independent of age.

Timely infiltration of granulocytes into inflammation sites plays a crucial role in the
elimination of infection. Circulating neutrophils are rapidly recruited to sites of infection
by host- and pathogen-derived components, which also prime these host cells for en-
hanced microbicidal activity. Reducing the presentation of adhesion molecules on granu-
locytes membrane surface in response to stimulation by antigens may led to impaired
migration to the sites of infection and diminished pro-inflammatory response as a result.

As our data showed, that both studied groups shows lower amount of CD11b on
granulocytes membrane after stimulation of TLR7 / 8 compared to the control groups.
While the amount of CD11b on the granulocytes membrane after stimulation TLR4 and
TLR2 did not differ statistically between studied and control groups.

Also, there was a significant difference between the levels of induced CD11b ex-
pression depending on type of TLR binding ligands in the studied groups. The lowest
content of CD11b in granulocytes membrane was after stimulation TLR 7/8. The content
of CD11b in granulocytes membrane after stimulation of TLR did not depend on type of
TLR binding ligands in the control groups. These findings demonstrate selective distur-
bance of TLR7/8 activation in the studied groups.

Previous study showed a decreased in the amount of adhesion molecules, including
CD11b, on neutrophils surface in the peripheral blood under experimental rhinovirus
infection [13]. Inhibition of a functional response of peripheral blood mononuclear cells
to TLR activation was shown in the group of children with the flue [7]. These changes
were transient, and restored after a certain period of time. However, a transient decrea-
sed in response to TLR agonists can create favorable conditions for bacterial complica-
tions. It was showed that 60 % of patients had bacterial complications afterall [13]. Also,
activated neutrophils provide signals for the activation and maturation of macrophages
as well as dendritic cells. Neutrophils are also involved in regulation of T-cell immune
response against various pathogens. Impaired functional activity, even transient, can
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lead to disruption of coordination adaptive and innate immune responses, and as a re-
sult to recurrent and severe infections

We suggest that a reduced response of granulocytes to TLR7 / 8 activation is the
primary cause of increased susceptibility to viral infections. To answer this question, the
following research should be directed to the assessment of effect of TLR7/8-mediated
activation of granulocytes on immune system, in post-infectional time. It will help us to
understand whether these changes are transient and what is the restoration time nee-
ded for normal functional activity of granulocytes.

CONCLUSIONS

1. Integrin CD11b amount on granulocytes after activation of TLR7/8 in children
with recurrent infections was lower compared to healthy subjects; such reduced
presentation of CD11b on granulocytes membrane surface in response to stim-
ulation by antigens in children with recurrent infections, may led to impaired
migration to the sites of infection and diminished pro-inflammatory response as
a result.

2. CD11b content in the granulocytes cytoplasmic membrane after activation of
TLR depends on type of TLR binding ligands in the studied groups and does not
depend in the control groups.

3. Integrin CD11b amount on granulocytes, following activation TLR did not differ
statistically between the groups of different ages.
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3MIHU B EKCITOHYBAHHI CD11b HA MOBEPXHI TPAHYNOLUTIB MICNA
AKTUBALIT TOLL-NOAIBHUX PELIENTOPIB Y OITEN, LLIO YACTO XBOPIIOTb
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2 Kuiscbkuli MicbKuli Oumsiyuti yeHmp KiiHiyHoi imyHonoaii?

syn. boeamupcbka, 30, Kuig 04209, YkpaiHa

Y po6oTi 6yno gocnigxeHo BnnmB aroHictiB TOLL-nogibHmx peuentopis (TLR) Ha
3MiHK ekcnoHyBaHHs CD11b monekyn agresii Ha MOBEPXHi rpaHyoUMTIB y AiTeN pPi3HOro
BiKy, L0 YacTo xBopitoTb. CTumynsauia TLR2, TLR4, TLR 7/8 BignosigHnmn aroHictamm
npusBoamnna Ao 3HAYHOro 3pOCTaHHSA 3aranbHOI KinbKocTi iHTerpuHy CD11b y untonnas-
MaTWYHIn MembpaHi rpaHynouuTis. Kinbkictb CD11b nicns ctumynauii TLR 7/8 6yna
OOCTOBIPHO HWXXYOKO Y rpynax AiTen, WO YacTo XBOPilOTb, MOPIBHAHO 3 KOHTPONbHUMMU
rpynamu BignosigHoro BiKy. KinbkicTb iHTerpuHy CD11b Ha noBepxHi rpaHynouuTis, nic-
nsa aktueauii TLR He BigpisHanaca cTaTUCTUYHO MK rpynamMu Pi3HOro BiKy B AOCHIOXKY-
BaHMX | KOHTPOSIbHUX Fpynax.

[opaTtkoBo Mu npoaHanisyBanu niraHA-3anexHy kinbkicte CD11b Ha MembGpaHi
rpaHynounTiB y AOCNIAKYBAHMX | KOHTPOSbHUX rpynax. Y KOHTPOMbHUX rpynax KinbKiCTb
CD11b He BigpisHsAnacs ctaTMCTMYHO Nicns iHKyGauii KniTyH KpoBi 3 aroHictamu TLR
(JINC, R848, MIrH). Ha npotueary LboOMy, B rpynax AiTeu, L0 YacTo XBOPitOTb, PiBHi iH-
aykoBaHoi npoaykuii CD11b BigpisHANMcsa 3anexHo Bif NiraHA4iB, i HAMHWKYY KiNbKiCTb
CD11b cnoctepiranu nicns iHky6auii kniTvH kposi 3 R848.

OTxe, [OCNISDKEHHAM BNNNBY aKTUBYOYMX YMHHUKIB Ha KinbKiCTb iHTerpuHy CD11b
Ha NOBEpPXHi rpaHynoumTiB fOBeAEHO, WO piBeHb npupocty CD11b nicnsa aktusauii He
3anexuTb Bid BiKy. Y rpynax giTen, Lo 4acTo XBOPIitOTb, Oyrno BUSIBNEHO AOCTOBIPHO HUXK-
ynii piseHb npupocTy CD11b Ha rpaHynouuTax nicns aktmeauii TLR7/8, nopiBHAHO
3 KOHTPOSMbHMMW FpynamMu BiAMOBIAHOIO BiKy. Taka 3HWKeHa npeseHTauisi MoneKyn agre-
3ii Ha NoBepXxHi rpaHynouuTiB y BiANOBiAb Ha cTumynsuito TLR7/8 niraHgom moxe nepe-
LUKOZPKATM Mirpauii Lmx KniTMH 4o Micus iHgiKyBaHHS, CIpUATU NIABULLEHIA Yy TNMBOCTI
[0 BipyCHMX iH(DEKLN | BAHUKHEHHIO BaKTepianbHUX yCKNagHeHb.

Knroyosi cnoea: TOLL-nogi6Hi peuentopu (TLR), rpanynouutn, CD11b moneky-
na apgreasil.
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M3MEHEHUA 3KCNOHUPOBAHUA CD11b HA MOBEPXHOCTH
FPAHYNOLIUTOB MOCIE AKTUBALIUM TOLL-NOAOBHbLIX PELIENTOPOB
Y YACTO BOJEOLWNX OETEU
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2Kueeckuli 2opodckoli 0emcKuli UeHmp KUuHUYecKol UMMYyHOIo2uuU

yn. boeambipckas, 30, Kues 04209, YkpauHa

B pabote 6bino uccnegosaHo BnvsiHMe aktuBauum TOLL-nogoGHbIX peLentopos
(TLR) Ha nameHeHus akcnoHnpoBaHus CD11b Ha NOBEPXHOCTM rPaHyroOLUMTOB Y 4acTo
Oonetowmii geten pasHoro Bospacta. Ctumynsumsa TLR2, TLR4, TLR7/8 cooTBeTCTBY!tO-
LMW aroHUCTaMu NpMBOAUIA K 3Ha4YUTENBHOMY POCTY OBLLIErO KONMMYECTBa MHTErprHa
CD11b B umTonnasmarmdeckon membpaHe rpaHynoumTtoB. Konnyecteo CD11b nocne
ctumynsaumm TLR7/8 Obino OOCTOBEPHO HMKe B rpynnax 4yacto 6Gonetowmx OeTen,
B CPaBHEHMU C KOHTPOSbHBIMM FPynnamMm COOTBETCTBYHOLLEro Bo3pacTa. KonmyecTso nH-
TerpuHa CD11b Ha noBepXHOCTW rpaHyrnoumMToB nocrne aktmeauum TLR He oTnnyanoch
CTaTUCTUYECKM MEXAY KOHTPOSbHBIMU U UCCNEQYEMbIMU IPynnamMmu pa3Horo Bo3pacta.

[ononHnTeneHO Mbl NpOaHanu3vpoBanu nuraHa-3asucumoe konmdectso CD11b
Ha MeMOpaHe rpaHynoLMTOB B KOHTPOMbHbIX U ccneayeMbix rpynnax. B KOHTpOnbHbIX
rpynnax konudecteo CD11b He oTnMyanock CTaTUCTUYECKM Nocne MHKybaLmmn KneTok
kpoBu ¢ aroHuctamm TLR (JIMNC, R848, MNI'H). HanpoTtuB, B rpynnax 4yacto 6onerowmnx
OETEN ypoBHM MHAOYLMPOBaHHOW npogykuun CD11b oTnnyanuck B 3aBUCMMOCTU OT K-
raHgoB, U camoe Huskoe konmnyectso CD11b Habntoganock nocne uHKybauumn KneTok
KpoBu ¢ R848.

Taknm obpasom, nccnegoBaHne BIMSHUS akTUBMPYHOLLMX (DAKTOPOB Ha KONUYecT-
BO nHTerpmHa CD11b Ha noBepxHOCTM rpaHynoLMTOB NOKa3ano, YTo YpOoBEeHb NpupocTa
CD11b nocne akTMBauum He 3aBUCUT OT Bo3pacTa. B rpynnax yacTto 6onetowmx geten
ObInT 0OHapy)XeH AOCTOBEPHO CHMXKEHHBIN YpoBeHb npupocTta CD11b Ha rpaHynoumTtax
nocrie aktmeauumn TLR7/8, no cpaBHEHMIO C KOHTPOSbHBIMW FpynnamMu COOTBETCTBYHO-
Lero Bo3pacTa. Takas CHWXEeHHasi Mpe3eHTauMsl MOMeKkyn afare3avm Ha MoBEepXHOCTU
rpaHynouuToB B OTBET Ha cTuMynsiunio TLR7/8 MmoxeT npenaTcTBoBaTb MUrpaLmMm aTUX
KNETOK B MecTa MHMULMPOBAHNS U CMOCOOGCTBOBATH MOBLILLEHHOW YyBCTBUTENBHOCTU
K BUPYCHbIM MH(PEKLMAM 1 BO3HUKHOBEHMIO BakTepuanbHbIX OCIIOXKHEHNN.

Knroyeesnie cnoesa: TOLL-nogobHble peuentopbl (TLR), rpanynoumtsl, CD11b
MoneKyrna aaresumn.
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