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Microbe-associated molecules (MAM) are known to exert stimulating effect on the dendritic cell (DC) matu-
ration. The aim of this investigation was a comparative study of the effect of different MAMs, used separately and 
in combination, on human monocyte-derived DC maturation in vitro. Methods. The studied MAMs were re-
presented by lipopolysaccharide (LPS) from Escherichia coli and different biopolymers from Staphylococcus
aureus Wood 46. DC phenotype was analyzed by flow cytometry. Functional maturity of DC was assessed in the
mixed leukocyte reaction. Results. The use of MAMs in combination has been shown to be more efficient for phe-
notypic and functional maturation of monocyte-derived DCs than utilizing  different MAMs separately. The most
potent stimulatory effect has been observed for the combination of LPS with peptidoglycan (PepG) or teichoic
acid with PepG. Conclusions. Combined use of different MAMs, especially those that activate different sig-
naling pathways (LPS-PepG and teichoic acid-PepG), results in synergistic stimulation of monocyte-derived
DC maturation.
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Introduction. Dendritic cells (DCs) are highly specia-
lized antigen-presenting cells (APC) that play a critical
role in initiating primary T-cell responses [1]. This
function of DCs makes them attractive target cells for
therapeutic intervention in different pathologic state, in-
cluding inflammatory disease, cancer etc. A main ap-
proach for the DC therapeutic employment is DC vac-
cination [2, 3]. Despite a wide use of DC vaccination in
clinical trials, optimal conditions for the generation of
functionally mature DCs remain to be established. To
produce immature DCs (iDCs), monocytes are usually

incubated with granulocyte-macrophage colony-stimu- 
lating factor (GM-CSF) and interleukin-4 (IL-4). Be-
cause mature DCs (mDCs) are better than iDCs to the
stimulation of cytotoxic T-cells, iDCs derived from mo-
nocytes are often treated with various exogenous sti-
muli known to induce DCs maturation [4–6]. Recent
insight in DC biology has provided some guidelines
concerning optimal approaches for generation of matu- 
re DCs ex vivo, aimed at elevation of DC migration abi-
lity after the administration to patients. These appro-
aches are based on new data on the role of pattern recog-
nition receptors (membrane-associated and cytoplas-
mic ones) in DC maturation. The recognition receptors
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recognize endogenous (danger-associated molecular
patterns such as HMGB1 proteins) and exogenous
(MAMs) agonists. Upon in vivo exposure to MAMs, im-
mature DCs switch from  antigen-capturing to antigen-
presenting and T-cell-stimulating modes [7–10]. The
сulture of DCs in vitro with such compounds or their
pharmacological analogs (such as the TLR4 ligand li-
popolysaccharide (LPS), the TLR3 ligand polyinosi-
nic:polycytidylic acid – polyI:C, the TLR9 ligand oli-
godeoxynucleotide containing one or more unmethyla- 
ted CpG dinucleotides – CpG ODN, etc.) can induce
the phenotypic and functional maturation of cultured
DCs. It is important that the functional DC maturation
could be noticeably augmented by the use of certain
MAM combinations [11–14]. The aim of our work was
to perform a comparative investigation on the effects of 
different biopolymers from Staphylococcus aureus Wo-
od 46 used separately and in combination with LPS
from Escherichia coli on maturation of human mono-
cyte-derived DC (MDDC) in vitro.

Materials and methods. Generation of DCs. Mo-
nocyte derived DCs were generated from peripheral
blood mononuclear cells (PBMCs) from 5 healthy
blood donors, as previously described [15, 16]. This
study was approved by the local Ethics Committee. Pe-
ripheral blood samples were placed into heparinized tu- 
bes, and PBMCs were isolated by Ficoll-Verografin
gradient centrifugation (density – 1.077 g/ml). After iso-
lation, PBMCs were resuspended in RPMI-1640 me-
dium («Sigma», USA) supplemented with 40 µg/ml gen- 
tamycine, seeded in 96-well tissue culture plates in the
appropriate culture microenvironment, and left to ad-
here overnight at 37 oC in a humidified 5 % CO2 atmo-
sphere. After the adherence period, non-adherent cells
were removed. The adherent cells were then cultured in
the appropriate medium supplemented with granulocy-
te colony-stimulating factor (G-CSF) (1000 IU/ml,
«Grastim», Dr. Reddy’s Laboratories Ltd., India) and
10 % autologous serum. The culture medium was re-
placed every three days. On the 7th day, MAMs were ad- 
ded into the cultural medium to induce terminal matu-
ration of the generated DCs. On the 8th day, at the end of 
culturing, the adherent cells were harvested by gently
scraping with a cotton swab. The obtained mature DCs
were washed in PBS without Ca2+ and Mg2+ and resus-
pended prior to immunophenotyping. 

Treatment with MAMs. In our study, the following
MAMs were used: LPS from E. coli («Sigma»); teicho-
ic acid (TA) from S. aureus Wood 46, prepared as des-
cribed earlier [17], peptidoglycan (PepG) and the ex-
tract of cytoplasmic membranes (CPM) from S. aureus
Wood 46, kindly provided by professor V. Pozur.
MAMs used separately and in combination were added
on the 7th day of DCs culturing at the concentration of
0.2 µg/ml for 24 h. All MAMs were singly used at their
maximal effective concentration determined by titrati-
on experiments [18, 19].

Flow cytometry analysis of DC phenotype. The ge-
nerated DCs were washed twice with PBS w/o Ca2+ or
Mg2+ and stained with mouse anti-human monoclonal
antibodies (mAbs). We have used FITC-conjugated an- 
tibodies against CD86 («Dako», Denmark) and PE-
conjugated antibodies against HLA-DR («Sorbent»,
Russian Federation). After immunofluorescent stai-
ning, the cells were fixed with 1 % paraformaldehyde
and then analyzed by a FACS Calibur using CellQuest
software («Becton–Dickinson», USA).

Allogeneic mixed leukocyte reaction assay. The DCs
were harvested, washed and resuspended in RPMI-
1640 + 10 % fetal bovine serum. In total, 2⋅105 alloge-
neic T-cells were incubated with DCs (at the ratio 10:1)
in 96-well flat-bottomed plates. Three days later, the cell
cycle distribution of T-cells was analysed by FACS.

Apoptosis assay. T-cell death by apoptosis was as-
sessed by the flow cytometry analysis of DNA content.
Briefly, after incubation with DCs T-cells were washed
twice with PBS, resuspended in ice-cold 70 % ethanol
with gentle vortexing to the final concentration of 1⋅106

cells/ml, and stored at 4 °C until analysis. Before quan-
tification of DNA content, the T-cells were pelleted at
400 g for 5 min, resuspended in PBS, pelleted again,
and resuspended in 200 µl PBS, 0.1 % Triton X-100,
0.1 mmol/l EDTA, and 50 µg/ml DNAse free RNAse
(«Stratagene», USA) with 5 µg/ml PI. The DNA con-
tent was analysed using a FACScan («Becton–Di-
ckinson») with Cellquest acquisition and analysis soft-
ware («Becton–Dickinson»). Cellular debris and doub-
lets were excluded from the analysis by their forward-
light-scatter and right-angle-light-scatter properties. 

Statistical analysis. The statistical significance of
the data was determined by Student’s t-test, the values
p < 0.05 were considered as significant.
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Results and discussion. In our investigation we ha- 
ve used different MAMs that are recognized by TLR2/
TLR4 and are able to trigger MyD88 dependent signa-
ling pathways, which lead to activation of NF-κB and
MAPK. We also have used PepG that are recognized by 
TLR2 and/or cytosolic sensors Nod1 and Nod2 associa- 
ted with an adaptor molecule, RICK/Rip2/CARDIAK,
through CARD-CARD interaction, which also leads to
the activation of NF-κB and MAPK [20–22]. So, we in-
tended to analyse whether the simultaneous activation
of these signaling cascades would have a synergistic ef- 
fect with respect to DC activation. To estimate a contri-
bution of different bacterial polymers, used separately
or in combination, to MDDC maturation, we have cho-
sen the protocol of DC generation in vitro employing
only G-CSF. The LPS-treated DCs that are conven-
tionally used in clinical studies served as a control and
were compared with DC treated with other MAMs se-
parately or in combination [23].

So, MDDC underwent maturation as follows: 1)
control-DC treated with LPS alone; 2) PepG-DC trea-
ted with PepG alone; 3) TA-DC treated with TA alone;
4) CPM-DC treatred with CPM alone; 5) LPS-CPM-
DC treated with LPS in combination with CPM; 6)
LPS-PepG-DC or with LPS in combination with PepG;
7) LPS-TA-DC, treated with LPS in combination with

TA; 8) PepG-TA-DC treated with PepG in combination 
with TA.

MAMs induce DC with a mature phenotype. Firstly
we have compared the effects of the different matura-
tion stimuli on the DC phenotype. All maturation sti-
muli have led to generation of phenotypically mature
DC, expressing co-stimulatory molecule CD86 and HLA- 
DR molecule (Fig. 1). However, among DCs matured
in the presence of MAMs used separately the most ef-
fective stimulation of CD86 expression was observed
in DCs treated with LPS and DCs treated with CPM
(MyD88 dependent signaling pathway) (Fig. 1, b). 

It is necessary to point out that combined MAMs we- 
re more effective for phenotypic maturation of MDDCs
than separately used bacterial polymers, especially PepG-
TA-DC and LPS-PepG-DC. These data evidence to the  
synergistic effect of combined microbe-associated pat-
terns activating different signaling pathways (MyD88
and RICK/Rip2/CARDIAK dependent signaling path-
ways).

MDDCs treated with TLR-agonists stimulate T-cell
proliferation. The major function of DCs is their ability
to trigger the activation and proliferation of T-cells. The
mixed leukocyte reaction (MLR) was used as functio-
nal endpoint to assess the in vitro lymphocyte proli-
feration in response to DCs treated with the bacterial
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Fig. 1. Dendritic cells (DCs) treated with
microbe-associated molecules show an in- 
creased expression of HLA-DR and CD86 
molecules: a – HLA-DR fluorescence in-
tensity; b – CD86 fluorescence intensity
(1 – isotypic control; 2 – control DC; 3 –
PepG-DC; 4 – TA-DC; 5 – CPM-DC; 6 –
LPS-CPM-DC; 7 – LPS-PepG-DC; 8 –
LPS-TA-DC; 9 – PepG-TA-DC);  *p <
< 0.05 in comparison with control DC



polymers indicated. DCs treated with MAMs and lym-
phocytes from allogeneic individuals were mixed in a
one-way primary MLR and lymphocyte proliferation
was measured by flow cytometry and estimated at a pro-
liferative index (Fig. 2). 

As it is shown in Fig. 2, DC treated with all indi-
cated MAMs stimulated allogeneic lymphocytes proli-
feration, although in the probes with DC treated with
bacterial polymers separately, the stimulation was less
significant. The cell cycle distribution of allogeneic lym- 
phocytes stimulated with PepG-DC, TA-DC, CPM-DC 
was similar to that in probes with control DC (DC
treated with LPS). The proliferative index in these pro-
bes was at average 24 %. On the contrary, the cell cycle
distribution of allogeneic lymphocytes stimulated with
LPS-PepG-DC and PepG-TA-DC was more similar to
that in positive control (lymphocytes stimulated with
phytohemagglutinin). The mean value of proliferative
index in these probes was 31 %. Increased proliferation
of allogeneic lymphocyte stimulated with DC treated
with combination of MAMs, have demonstrated that
the observed synergy of combined bacterial polymers,
especially those utilizing different signaling pathway,
is related not only to phenotypic maturation of MDDC,
but also to functional maturity of these cells.

An additional criterion of lymphocyte activation by
MDDC, treated with MAMs, was apoptosis (activation-
induced cell death) [24]. As it is shown in Fig. 3, the num-
ber of apoptotic cells in the positive control was 1.5 times
higher than that in the control DC and CPM-DC probes. 

In probes with DC, treated with Pep-G and TA, apo-
ptosis level was at average 1.5 times lower than that in
the control DC probes and 2.28 times lower than that in
the positive control. 

The highest number of apoptotic cells was observed
in probes with DC treated with LPS in combination with
PepG and with TA in combination with PepG.

Conclusions. MAMs are known to exert stimulating
properties toward DC. Here we have demonstrated a
synergistic stimulating effect of combined use of diffe-
rent bacterial polymers in regard to MDDC maturation,
especially high in the case of MAMs utilizing different
signaling pathway. The synergistic effect of combined
pattern recognition receptors triggering on MDDCs in-
cluded an increase in the expression of costimulatory
CD86 and HLA-DR molecules and stimulation of lym-
phocyte proliferation in mixed leukocyte reaction. These 
results might be helpful for the development of new
protocol for in vitro DC generation  in DC-based vacci-
nation strategies. 
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Fig. 2. The effect of dendritic cell (DC)
matured with microbe-associated mole-
cules on cell cycle distribution of alloge-
neic lymphocytes: 1 – positive control; 2 – 
control DC; 3 – PepG-DC; 4 – TA-DC; 5 – 
CPM-DC; 6 – LPS-CPM-DC; 7 – LPS-
PepG-DC; 8 – LPS-TA-DC; 9 – PepG-
TA-DC. Lymphocytes stimulated with
phytohemagglutinin were used as a positi- 
ve control; p < 0.05 in comparison with
control DC
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* **, Fig. 3. Apoptosis level of lymphocytes in
mixed leukocyte reaction with dendritic
cell (DC), treated with different microbe-
associated molecules and their combina-
tions: 1 – positive control; 2 – control DC;
3 – PepG-DC; 4 – TA-DC; 5 – CPM-DC;
6 – LPS-CPM-DC; 7 – LPS-PepG-DC; 8 – 
LPS-TA-DC; 9 – PepG-TA-DC; *p < 0.05 
in comparison with positive control; **p < 
< 0.05 in comparison with control DC
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Л. М. Сківка, Ю. В. Швець, Н. М. Хра но вська, О. Г. Фе дор чук, 
В. В. По зур, Н. В. Сен чи ло

Cи нергічний вплив асоційо ва них з мікро ба ми мо ле кул на 
фе но ти по ве та функціональ не дозріван ня ден дрит них клітин, 
от ри ма них з мо но цитів пе ри фе рич ної крові лю ди ни in vitro

Ре зю ме

Відомо, що асоційо вані з мікро ба ми мо ле ку ли (АММ) чи нять сти -
му лю валь ний вплив на дозріван ня ден дрит них клітин (ДК). Мета.  
Про вес ти порівняль не досліджен ня дії різних АММ, ви ко рис та -
них як са мостійно, так і в комбінації, на дозріван ня ДК, от ри ма -
них з мо но цитів пе ри фе рич ної крові лю ди ни in vitro. Ме то ди. Як
АММ за сто со ва но ліпо поліса ха рид Escherichia coli та біополіме-
ри Staphylococcus aureus Wood 46. Фе но ти по ву зрілість ДК оха-
ракте ри зо ва но ме то дом про точ ної ци тоф лу о ри метрії. Функ-
ціональ ну зрілість ДК аналізу ва ли в ре акції зміша ної куль ту ри
лей ко цитів. Ре зуль та ти. Вста нов ле но, що комбіно ва не ви ко ри-
стан ня АММ є більш ре зуль та тив ним для сти му ляції фе но ти по -
во го і функціональ но го дозріван ня ДК in vitro порівня но із само-
стійним за сто су ван ням мікроб них біополімерів. Най ви разніший
сти му лю валь ний ефект спос терігав ся за ви ко рис тан ня комбіна-
ції пеп ти доглікану з ліпо поліса ха ри дом та пеп ти доглікану з тей -
хоєвою кис ло тою. Вис нов ки. По ка за но існу ван ня си нергічного
впли ву АММ щодо сти му ляції дозріван ня ДК, особ ли во суттє-
вого у разі комбіно ва но го за сто су ван ня асоційо ва них з мікро ба ми 
мо ле кул, які взаємодіють з ДК, ак ти ву ю чи різні сиг нальні шля хи
(пеп ти доглікан у поєднанні з ліпо поліса ха ри дом або пеп ти доглі-
кан у поєднанні з тей хоєвою кис ло тою).

Клю чові сло ва: ден дритні клітини, ліпо поліса ха рид, тей хоєва
кис ло та, пеп ти доглікан.

Л. М. Скив ка, Ю. В. Швец, Н. Н. Хра нов ская, А. Г. Фе дор чук, 
В. В. По зур, Н. В. Сен чи ло

Cи нер ги чес кое вли я ние ас со ци и ро ван ных с мик ро ба ми 
мо ле кул на фе но ти пи чес кое и функ ци о наль ное со зре ва ние 
ден дрит ных кле ток, по лу чен ных из мо но ци тов пе ри фе ри чес кой
кро ви че ло ве ка in vitro

Ре зю ме 
Извес тно, что ас со ци и ро ван ные с мик ро ба ми ми мо ле ку лы (АММ)
окзы ва ют сти му ли ру ю щее де йствие на со зре ва ние ден дрит ных
кле ток (ДК). Цель. Про вес ти срав ни тель ное ис сле до ва ние вли я -
ния раз лич ных АММ, ис поль зо ван ных как са мос то я тель но, так и
в ком би на ции, на со зре ва ние ДК, по лу чен ных из мо но ци тов пе ри -
фе ри чес кой кро ви че ло ве ка in vitro. Ме то ды. В ка чес тве АММ
при ме ня ли ли по по ли са ха рид Escherichia coli и би о по ли ме ры Sta-
phylococcus aureus Wood 46. Фе но тип ДК ха рак те ри зо ва ли ме то -
дом про точ ной ци тоф лу о ри мет рии. Фун кци о наль ную зре лость
ДК ана ли зи ро ва ли в ре ак ции сме шан ной куль ту ры лей ко ци тов.
Ре зуль та ты. Уста нов ле но, что ком би ни ро ван ное ис поль зо ва ние 
АММ яв ля ет ся бо лее ре зуль та тив ным для сти му ля ции фе но ти -
пи чес ко го и функ ци о наль но го со зре ва ния ДК in vitro по срав не нию
с при ме не ни ем бак те ри аль ных би о по ли ме ров са мосто я тель но.
На и бо лее вы ра жен ный сти му ли ру ю щий эф фект наблю да ли при
исполь зо ва нии ком би на ции пеп ти дог ли ка на с ли по по ли са ха ри дом,
а так же пеп ти дог ли ка на с тей хоєвой кис ло той. Вы во ды. По ка -
за но су щес тво ва ние си нер ги чес ко го сти му ли ру ю ще го вли я ния
АММ на со зре ва ние ДК, на и бо лее вы ра жен но го при  ком би ни ро -
ван ном ис поль зо ва нии ас со ци и ро ван ных с мик ро ба ми мо ле кул, ко -
то рые вза и мо де йству ют с ДК, ак ти ви руя раз лич ные сиг наль ные

пути (пеп ти дог ли кан в со че та нии с ли по по ли са ха ри дом или пеп -
ти дог ли кан в со че та нии с тей хо е вой кис ло той).

Клю че вые сло ва: ден дрит ные клет ки, ли по по ли са ха рид, тей -
хо е вая кис ло та, пеп ти дог ли кан.
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