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the effect of STAPHYLOCOCCUS AUREUS 
WOOD 46 PEPTIDOGLYCAN ON CYTOTOXIC 

Activity of MUrine MononUcleAr 
SPlenocyteS

The effect of S. aureus wood 46 peptidoglycan (PG) on cytotoxic activity of 
mononuclear splenocytes in mice has been investigated. It was shown that the target-
cells death indices upon addition of PG at the concentration of 500 µg/ml after 4h 
incubation were 1.5 times higher than corresponding indices in the control, but at 
lower concentrations PG did not influence cytotoxic activity of murine mononuclear 
splenocytes. 16 h incubation effector and target cells with PG resulted in a dose 
dependent increase of splenic mononuclear cells cytotoxicity by 1.5, 1.8, 2.0 and 2.5 
times for 10, 25, 100 and 500 µg/ml of murein correspondingly. 

K e y  w o r d s: peptidoglycan, cytotoxic activity, Lewis lung carcinoma.

Peptidoglycan (PG) is the major unique and essential component of the cell wall of 
virtually all of Gram-positive and Gram-negative bacteria [2]. PG and its muropeptide 
derivatives are considered as potential virulence factors [7]. PGs from different bacteria 
have distinguishing features but all of them are not present in eukaryotes and therefore 
they are exñellent targets for innate immune system [1, 3, 6]. 

Two families of receptors – the members of proinflammatory interleukin-1 recep-
tor family – Toll-like receptors (TLR) (in particular, TLR-2) and cytosolic proteins 
containing a nucleotide-binding oligomerization domain (NOD1 and NOD2) – play 
the key role in PG detection [3, 6]. Following ligand recognition TLR and NODs initi-
ate intracellular signal transduction that results in the expression of genes involved 
in inflammation [9, 15]. PG detecting germ-line encoded receptors are expressed in 
the variety of cells and tissues including mucosal epithelial cells, monocytes, mac-
rophages, Т- and B-lymphocytes [11, 18]. Recently TLRs were found in NK cells [10]. 
These receptors allow NK cells to recognise directly bacterial structures besides their 
indirect activation with accessory cells through cytokine production. NK cells are one 
of the key players in tumor immunity, being ultimately responsible for destruction 
of malignant cells [8]. NK cytotoxic ability can be enhanced in vitro and in vivo by 
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cytokines, such as interleukin (IL)-2, IL-12, IL-15 and interferon alpha/beta (IFN-alpha/
beta) [17]. Recently it was shown that some bacterial immunomodulators, such as 
CpG-containing DNA, can directly activate NK cell response to tumor cells [13]. The 
aim of our work was to investigate the effect of S. aureus Wood 46 peptidoglycan on 
cytotoxic activity of mononuclear splenocytes in mice. 

Materials and Methods
PG was isolated from the cell walls of S. aureus wood 46 as described previously 

[12]. For the experiments the PG was dispersed by sonication (25 Hz, 60 s) on ice.
Splenic mononuclear cells (SMC) were isolated by centrifugation splenocytes in 

ficoll-verograffin gradient (ρ=1,077).
Lewis lung carcinoma (LLC), rat lymphosarcoma (LSR) and Yac-1 cells were 

obtained from the National Bank of Cell Lines and Tumor Strains (IEPOR, Kyiv, 
Ukraine). The single cell suspension was prepared as described previously [14] by 
mechanical disaggregation of tumor tissues. LLC cells were expanded in vitro in 
RPMI 1640 medium (Sigma, USA) supplemented with 2 mM L-glutamine, 10% FBS 
and 40 µg/ml gentamycin and were incubated at 37 °C in incubator with humidified 
atmosphere containing 5% CO2.

NK-cell cytotoxic activity was determined by flow cytometry method. The target 
cell (2х105 cells/ml) and effector cells (murine momonuclear cells) (4x106cells/ml) were 
mixed in U-bottom wells of a 96-well microtiter plate at the E : T cell ratio of 20 : 1 
in triplicate and incubated in 5% CO2 atmosphere for 4 or 16 h. The target cells were 
incubated alone to estimate the rate of spontaneous death. Later incubation cells were 
collected into cytometric tubes and stained with propidium iodide (Sigma, USA) (2,5 
µg/ml). After that the cells were analyzed using a FACSCalibur (Becton Dickinson) 
and CellOuest program. The cytotoxicity indices were calculated according to the 
formula: k = % dead cells in experimental probes – % dead cells in spontaneous 
probes [16].

Statistical analysis was performed using Student’s t-test. P values < 0.05 were 
considered significant.

results and discussion
To research the effect of PG on mice NK cells cytotoxic activity against syngeneic 

tumor cells we have used Lewis lung carcinoma cells as the targets. Previously we 
have performed comparative investigation of cytotoxic activity of murine mononuclear 
splenocytes with LLC and traditional for murine system target cells (Yac-1 and LSR). 
The target-cells lysis indices in the probes with these three types of target cells were 
quite comparable (Table). 

Table 
Cytotoxic activity of mononuclear splenocytes of mice 

target cells Yac-1 lSr llc

Cytotoxicity indexes 16,9+0.4 15.0+0.4 15.5+0.6

These results allowed us to considere LLC as adequate target cells for murine 
NK cells cytotoxic activity testing and to use them in further experiments. 
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Incubation of E: T mixture with PG at the concentration of 10, 25 and 100 µg/ml 
for 4 h has no effect on cytotoxic activity of murine mononuclear splenocytes (Fig. 1). 
However upon addition of PG at the concentration of 500 µg/ml for 4 h, the target 
cells lysis indices were 1.5 times higher than corresponding indices in control. Our 
experiments are performed on total suspension of SMC containing a certain portion 
of dendritic cells (DC). It is well documented that DC can activate NK cells [5]. But 
in murine system only early-stimulated mature DC can activate NK cells. Besides 
DC require period > 4 h to acquire NK cell stimulatory capacity after exposure to 
different stimuli (in our case – with PG) and to perform the activation procedure [4]. 
Therefore we suppose that after 4 h incubation with PG augmentation of the target 
cells death mediated by direct activation of NK cells lytic potential.

16 h incubation of effector and target cells with PG resulted in a dose dependent 
increase of splenic mononuclear cells cytotoxicity by 1.5, 1.8, 2.0 and 2.5 times for 
10, 25, 100 and 500 µg/ml of murein respectively (Fig. 1). 

Fig. 1. Effect of PG from S. aureus Wood 46 on cytotoxic ativity of SMC of mice 
after 4 h and 16 h incubation 

Probably after a long term incubation with PG augmentation of cytotoxic activity 
of murine SMC is the result of additional activation of NK cells by DC presented in 
suspension and matured after contact with murein. Since elevation of SMC cytotoxic 
activity in 4 h tests occurred only upon addition of PG at the maximal concentration, 
it is suggested that the higher concentration of murein is required for stimulation of 
lytic activity of NK cells than that for maturation and activation of DC.

It is necessary to point that addition of PG in the probes with target cells 
without effector cells resulted in dose dependent augmentation of LLC cells death 
irrespective of incubation period and had no influence on LSR cells (Fig.2). Incubation 
of LLC with PG for 4 h was leading to the increase of cell death without distinct 
dose dependence. Maximal cell death stimulation was observed upon addition of PG 
at the concentration of 500 µg/ml. More prolonged incubation of LLC with PG also 
resulted in slight augmentation of cell death (significant only upon addition of PG 
at the concentration of 500 µg/ml). PG has no effect on viability of LSR cells. It is 
known that TLRs can induce apoptosis in eucariotic cells. Our results suggest that 
PG has selective apoptotic effect on tumor cells.
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As stated above TLR-2, NOD1 and NOD2 are invîlved in PG recognition. Though 
a number of authors has proved the presence of TLRs in broad spectrum of tumor 
cells, data concerning TLRs expression in LSR are absent. Probably it is precisely 
this fact that explains different reaction of LLC and LSR on PG.

 

fig. 2. effect of Pg from S. aureus Wood 46 on LLC-cells viability after 4 h  
and 16 h exposure

Thus we suppose that by the reason of different TLRs expression PG can have 
selective apoptotic effect on tumor cells. In that case PG may elevate target-cells 
lysis in E: T mixture by direct toxic action on the target cells and by activation of 
lytic potential of effector cells.
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ВËИßÍИÅ пÅпÒИäÎÃËИÊАÍА  
STAPHYLOCOCCUS AUREUS WOOD 46  

НА ЦИТОТОКСИЧЕСКУЮ АКТИВНОСТЬ МОНОНУКЛЕАРНЫХ 
СПЛЕНОЦИТОВ МЫШЕЙ

Реферат

Â íàñòîÿщåé ðàбîòå èññëåäîâàíî âëèÿíèå пåпòèäîгëèêàíà (ПГ) S. aureus 
wood 46 íà öèòîòîêñè÷åñêóю àêòèâíîñòü ìîíîíóêëåàðíых ñпëåíîöèòîâ ìышåé. 
Пîêàзàíî, ÷òî äîбàâëåíèå ПГ â êîíöåíòðàöèè 500 ìêг/ìë пðè 4-÷àñîâîé èíêóбàöèè 
â 1,5 ðàзà óñèëèâàåò гèбåëü êëåòîê-ìèшåíåé, òîгäà êàê ПГ â бîëåå íèзêèх êîíöåí-
òðàöèÿх äîñòîâåðíî íå âëèÿåò íà öèòîòîêñè÷åñêóю àêòèâíîñòü ìîíîíóêëåàðíых 
ñпëåíîöèòîâ ìышåé. 16-÷àñîâàÿ èíêóбàöèÿ ñ ПГ ðåзóëüòèðóåòñÿ äîзîзàâèñèìыì 
óñèëåíèåì öèòîòîêñè÷íîñòè ìîíîíóêëåàðíых êëåòîê â 1,5; 1,8; 2,0 è 2,5 ðàзà пðè 
äîбàâëåíèè ПГ â êîíöåíòðàöèÿх 10, 25, 100 è 500 ìêг/ìë ñîîòâåòñòâåííî.

К ë ю ÷ å â ы å  ñ ë î â à: пåпòèäîгëèêàí, öèòîòîêñè÷åñêàÿ àêòèâíîñòü, êàð-
öèíîìà ëåгêîгî Лüюèñ.
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ВпËИВ пÅпÒИäÎÃË²ÊАÍА STAPHYLOCOCCUS AUREUS 
WOOD 46 НА ЦИТОТОКСИЧНУ АКТИВНІСТЬ МОНОНУКЛЕАРНИХ 

СПЛЕНОЦИТІВ МИШЕЙ

Реферат

Â ðîбîò³ äîñë³äжåíî âпëèâ пåпòèäîгë³êàíà (ПГ) S. aureus Wood 46 íà öèòîòî-
êñè÷íó àêòèâí³ñòü ìîíîíóêëåàðíèх ñпëåíîöèò³â ìèшåé. Пîêàзàíî, щî äîäàâàííÿ 
ПГ â êîíöåíòðàö³ї 500 ìêг/ìë пðè 4-гîäèíí³é ³íêóбàö³ї â 1,5 ðàзè пîñèëює зàгèбåëü 
êë³òèí-ì³шåíåé, òîä³ ÿê ПГ â íèж÷èх êîíöåíòðàö³ÿх äîñòîâ³ðíî íå âпëèâàє íà öè-
òîòîêñè÷íó àêòèâí³ñòü ìîíîíóêëåàðíèх ñпëåíîöèò³â ìèшåé. 16-гîäèííà ³íêóбàö³ÿ 
з ПГ ðåзóëüòóєòüñÿ äîзîзàëåжíèì пîñèëåííÿì öèòîòîêñè÷íîñò³ ìîíîíóêëåàðíèх 
êë³òèí ó 1,5; 1,8; 2,0 ³ 2,5 ðàзè пðè äîäàâàíí³ ПГ â êîíöåíòðàö³ÿх 10, 25, 100 ³ 500 
ìêг/ìë â³äпîâ³äíî.

К ë ю ÷ î â ³   ñ ë î â à: пåпòèäîгë³êàí, öèòîòîêñè÷íà àêòèâí³ñòü, êàðöèíîìà 
ëåгåí³ Лüюїñ.


