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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 pg/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 pg/ml of murein correspondingly.

Key words: peptidoglycan, cytotoxic activity, Lewis lung carcinoma.

Peptidoglycan (PQ) 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 excellent 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, T- 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 eflect 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 (p=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 ug/ml gentamycin and were incubated at 37 °C in incubator with humidified
atmosphere containing 5% CO,.

NK-cell cytotoxic activity was determined by flow cytometry method. The target
cell (2x10° cells/ml) and effector cells (murine momonuclear cells) (4x10°cells/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% CO, 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
pg/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 16,94+0.4 15.04+0.4 15.540.6

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 ug/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 ug/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 pg/ml of murein respectively (Fig. 1).
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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.

[t 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 ug/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 ug/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 involved 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.
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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.

REFERENCES

1. Beutler B., Hoebe K., Du X., Ulevitch R.J. How we detect microbes and respond to
them: the Toll-like receptors and their transducers // J. Leukoc. Biol. — 2003. — 74, N 4. —
P. 479-85.

2. Boneca I.G. The role of peptidoglycan in pathogenesis // Curr. Opin. Microbiol. — 2005.
— 8, N 1. —P. 46-53.

3. Dziarski R., Gupta D. The peptidoglycan recognition proteins (PGRPs) // Genome
Biol. — 2006. — 7, N 8. — P. 232.

4. Ferlazzo G., Maggi Pack M., Thomas D., Paludan C., Schmid D., Strowig T., Bougras
G., Muller W.A., Moretta L., Minz C.. Distinct roles of IL-12 and IL-15 in human natural killer
cell activation by dendritic cells from secondary lymphoid organs // PNAS. — 2004. — 101,
N 47. — P. 16606—16611.

5. Ferlazzo G., Morandi B., D’Agostino A., Melioli G., Moretta A., Moretta L. The interac-
tion between NK cells and dendritic cells in bacterial infections results in rapid induction of NK
cell activation and in the lysis of uninfected dendritic cells // Eur. J. Immunol. — 2003. — 33.
— P. 306-313.

6. Girardin S.E., Philpott D.J. Mini-review: the role of peptidoglycan recognition in innate
immunity // Eur. J. Immunol. — 2004. — 34, N 7. — P. 1777—82.

7. Guan R., Mariuzza R.A. Peptidoglycan recognition proteins of the innate immune
system // Trends Microbiol. — 2007. — 15, N 3. — P. 127—34.

8. Julie Y. Djeu, Kun liang and Sheng Wei. Signals Triggering Cytotoxicity // Clin.
Cancer. Res. — 2002. — 8. — P. 636—640.

Mixpobioaoeisn i 6iomexnoroeia Ne 8/2009 23




JI.M. CkiBka, O.I'. ®enopuyk, O.M. IlsackoBcbka, H.M. XpaHoBcbka, B.B. IMo3yp

9. Moreillon P., Majcherczyk P.A. Proinflammatory activity of cell-wall constituents from
gram-positive bacteria // Scand. J. Infect. Dis. — 2003. — 35, N 9. — P. 632—41.

10. O’Connor G.M., Hart O.M., Gardiner C.M. Putting the natural killer cell in its place
// Immunology. — 2006. — 117, N 1. — P. 1—10.

11. Pasare C., Medzhitov R. Toll-like receptors: linking innate and adaptive immunity //
Adv. Exp. Med. Biol. — 2005. — 560.— P. 11-8.

12. Pozur V.K., Cheusova Z.V., Borysov V.A., Marushko Iu.V., Hrytsenko L.M., Marushko
T.V., Sor’kin V.M. The development of a coagglutination reaction using staphylococcal peptido-
glycan for the diagnosis of staphylococcal infection // Lik Sprava. — 1999. — N 3. — P. 79-82.

13. Roda J.M., Parihar R., Carson W.E. 3rd. CpG-containing oligodeoxynucleotides act
through TLR9 to enhance the NK cell cytokine response to antibody-coated tumor cells // J
Immunol. — 2005. — 175, N 3. — P. 1619-27.

14. Solyanik G.I., Pyaskovskaya O.N., Garmanchouk L.V. Cisplatin-resistant Lewis
lung carcinoma cells possess increased level of VEGF secretion // Exp Oncol. — 2003. — 4. —
P. 260—265.

15. Strober W., Murray P.J., Kitani A., Watanabe T. Signaling pathways and molecular
interactions of NOD1 and NOD2 // Nat. Rev. Immunol. — 2006. — 6, N 1. — P. 9—20.

16. Use of Flow cytometry for evaluation of functional activity of human immune system.
Mannual for laboratory use. — Moscow: 2001. — P. 19—24.

17. Wu J., Lanier L.L. Natural killer cells and cancer // Adv. Cancer Res. — 2003. — 90.
— P. 127-56.

18. Xu D., Komai-Koma M., Liew F.Y. Expression and function of Toll-like receptor on T
cells // Cell Immunol. — 2005. — 233, N 2. — P. 5-9.

JI.M. Ckuska', A.I'. ®epopuyk?, O.H. Mackosckasn?, H.H. Xpanosckasn?, B.B. [o3yp'

'KueBcKUil HalMOHANbHBIN yHUBepcuTeT uMeHH Tapaca llleBueHko,
npocn. [nywkosa, 2, Kues, 03022, Ykpauna, e-mail: realmed@i.com.ua;
2VIHCTUTYT 9KCNEepUMeHTaNAbHOH MaTONOrHH, OHKOJOTHH U PafHOOUONOTHH

umenu P.E. KaBeukoro HAHY yua. Bacuabkosckas, 45, Kues, 03022, Ykpauna;
3Hauuonanbubiil MuctutyT Paka M3 YKpauHbl
ya. Jlomonocosa, 33/44, Kues, 03022, Ykpauna

BJIUSIHUE NMENTUAOTIJIUKAHA
STAPHYLOCOCCUS AUREUS WOOD 46
HA LUTOTOKCUYECKYH) AKTUBHOCTb MOHOHYKJIEAPHbBIX
CNJIEHOLIUTOB MbILLEH

Pedepar

B Hacrosue#t pabote uccaenoBano BausiHue nentuporavkana (I11) S. awureus
Wood 46 Ha LHTOTOKCHYECKYIO AKTMBHOCTb MOHOHYKJI€aPHBIX CIJIEHOLUTOB MbIIIEH.
ITokaszaHo, uto no6asaenue I1I' B konuenTpauuy 500 MKr/M/1 IpH 4-4acoBoil HHKY6ALIMH
B 1,5 pasa ycusnusaet rubesib KiaeToK-MullieHel, Torna kak [1I' B 6osiee HU3KUX KOHLIEH-
TpalMsX MOCTOBEPHO He BJIMSET HA LUTOTOKCHYECKYI0 aKTHBHOCTb MOHOHYKJIEAPHBIX
CTIJIEHOLUTOB Mblllel. 16-yuacoBas unkybauus ¢ [1[ pesysnbTupyeTcs: 10303aBUCHMBIM
yCUJIeHHEM LUTOTOKCHMYHOCTH MOHOHYKJeapHbIX KiaeTok B 1,5; 1,8; 2,0 u 2,5 pasa npu
no6asnenuu I1I' B konuentpauuax 10, 25, 100 u 500 MKr/Ma cOOTBETCTBEHHO.

KnrodeBbl e cJ 0B a NeNTHOOTJIUKAH, LIHTOTOKCHYECKAs] aKTUBHOCTD, Kap-
LuHOMa Jerkoro JIbrouc.

24 Mikpo6ioaozis i 6iomexronozis Mo 8/2009




BIJIMB NENTUJOLIIKA HA STAPHYLOCOCCUS AUREUS WOOD 46 HA IMTOTOKCHYHY ...

JILM. Ckieka', O.I'. ®enopuyk?, O.M. sackoscbka?, H.M. Xpanoscbka?, B.B. IMo3yp'
' KuiBcbku#l HauioHanbHuil yHiBepcuteT imMeHi Tapaca IlleBuenka,
npocn. [nywkosa, 2, Kuis, 03022, Yxpaina
e-mail: realmed@i.com.ua;
2{HCTUTYT eKcrepuMeHTa bHOI MaToMoTii, oHKoIOTii Ta paaiobiomorii
imeni P.€. Kaseuskoro HAHY, Bys. Bacunbkiscoka, 45, Kuis, 03022, Ykpaiua;
3 Hanionanpuuii inctutyr Paky MO3 Yxpainu
By.a1. JlJomonocosa, 33/44, Kuis, 03022, Ykpaina

BIMJIUB NENTUIOTJTIKAHA STAPHYLOCOCCUS AUREUS
WOOD 46 HA HUTOTOKCUYHY AKTUBHICTb MOHOHYKJIEAPHUX
CMJIEHOLUMTIB MULLUEX

Pedepar

B po6ori nocaimxeno srnus nentunoraikana (I1I) S. aureus Wood 46 Ha uuroTo-
KCHUHY aKTHUBHICTb MOHOHYKJIEAPHHX CIIJIeHOUMTIB Mulluel. [Tokasano, mo nonaBaHHS
[T B koHuenTpauii 500 MKr/ma npu 4-roaunsiil inky6auii B 1,5 pasu nocuoe sarubesnb
KJAiTUH-Miene, Toai sk [1I' B HUXKYKMX KOHLEHTpALisiX AOCTOBIpHO He BIJIMBAE HA LiU-
TOTOKCHUYHY aKTMBHICTb MOHOHYKJEapHUX CIIJIEHOLMTIB MHIUeH. 16-rognHHa iHKybaLis
3 III' peaynbTyeThCsl 10303a/1€2KHUM MOCHJIEHHSIM LIUTOTOKCHYHOCTI MOHOHYKJ/€apHHUX
kaitun y 1,5; 1,8; 2,0 i 2,5 pasu npu nomasauui [ B konuenTtpauisix 10, 25, 100 i 500
MKF/M.}I BiMTOBiIHO.

KnmouoBi c¢uJ0B a: NenTUAONIiKAH, LIUTOTOKCHYHA aKTHBHICTb, KapLHXHOMA
Jgeredi JIpwic.
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