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INTRODUCTION

Bifidobacteriaare physiologically beneficial bacteria
whichare predominant inhumanintestine, and possess
the most important functions. They play animportant
rolein maintaining microbial balance of theintestine.
Furthermore, their presence is thought to be an
important indication of health of the body**. Whole
peptidoglycan (WPG) isthe major component in the
cell wall of bifidobacterium, whichisalsoabiological
response modifier with nontoxic side effects. At
present, many scholars have demonstrated that
bifidobacteria can activate macrophages, T
lymphocytes and natural killer cellsto secrete many
kinds of cytokinesand important mediators®®. In our
report, thelevel of IL-6, IL-12 and TNF-a produced
by macrophages is detected by employing laser
scanning confocal microscopy, when these cellsare
stimulated by WPG of bifidobacteria bifidum.
Simultaneously, the content of nitric oxide (NO)
secreted from the macrophages is investigated by
utilizing Griess reagent. Our goal isto explore the
roles of these cytotoxic effector molecules on
adjusting immunereaction of bifidobacterial WPG.
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MATERIALS AND METHODS

Materials

Whole peptidoglycan It was extracted from the cell
wall of bifidobacteriabifidum according to the method
described by Sekine and his colleagues,donated by Dr.
Hu, who worked at department of examination of
Zhongjing Medical University. Simultaneoudly, it had
been evaluated®.

Experimental animals BALB/c nude mice were
purchased from the Experimental Animal Center of
the First Military Medical University, 6-8 weeksin
age, 18 g-22 ginweight, and housed in the SPF animal
room.

Methods

Division of the experimental group and
management of WPG The experimental animals
weredividedinto two groups: the WPG i njection group:
10 nude mice, 2 mL of 100 g-L* thioglycollate was
injected into the nude miceintraperitoneally on d1, O.
25 mg WPG (equivalent to 1 x 10° bifidobacteria) was
injected intraperitoneally from d 2-6 continuoudly; and
thecontrol group: thenumber of animal sand procedures
weresimilar tothe WPG injection group ondl, 0.2 mL
of PBS was injected intraperitoneally from d 2-6
continuoudly.

Collection and cultur e of peritoneal macr ophages
of nudemice All animalswerekilled ond7. Abdomen
skin of thenudemicewassterilized routingly. Cellswere
obtained by sterile lavage of the peritonea cavity with
cold D-hanks balanced salt solution. The lavage fluid
wascentrifuged at 1000 rpm for 20 min. The supernatant
was decanted. The cells thus obtained were twice
washed, resuspended in RPMI 1640 culture medium
containing freefetal calf serum, then adjusted to be 1 x
10°L*, and plated (2 x 10° cells'well) in 96-well tissue
culture plates. Nonadherent cells were removed by
repeated washing after 2 h incubation at 37°C in 50
mL-L*CO,in air. Adherent cells were macrophages.
Thesecdlswerestimulated with 10 ug-L* LPSin RPMI
1640 containing 100 mL -L** FCSfor 24 h. Supernatant
was stored at -30°C until assayed.

Detection of IL-6, 1L-12 and TNF-a contents of
peritoneal macr ophagesof nudemice Laser scanning
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confocal microscopy was utilized to detect the content
of IL-6, IL-12 and TNF-a. The concrete protocol was
asfollows: (U The peritoneal cell suspension of nude
mice was harvested and added to the modified Petri
plate, and the desired peritoneal exudate cells were
adjustedto 1 x 10°in 100 pL -plate. After incubatedin
a50mL-L* CO, incubator at 37°C for 2 h, these plates
werewashed vigorously to eliminate nonadherent cells,
and macrophageswere obtained. Then 500 uLof RPMI
1640 medium containing 10 pg-L* LPSwas added to
each plate. After 24 h, the supernatantswerediscarded,
and the macrophages were washed with phosphate
buffered saline (PBS) 3 timesfor 5 min; ) 100 g-L*
non-specific bovine serum album was added to the
plates which were incubated for 10 min at room
temperature; 3 The plates were rinsed with PBS 3
timesfor 5 min;@ 100 pL of rabbit anti-mouse L -6,
IL-12 and TNF-a monoclonal antibody (Genda
Technology Corp. Canada) was added to the plates
whichwereincubated for 60 minat 37°C respectively;
& The plateswererinsed with PBS 3timesfor 5 min;
(® 100 uL of FITC labeled goat anti-rabbit 1gG (Santa
Cruz) was added to the plates which were incubated
for 30 minat 37°C. Theantibody wasused at adilution
of 1in 100. (@ The plates were rinsed with PBS 3
times for 5 min; 8 The fluorescent intensity of
macrophages was detected by employing laser
scanning confocal microscopy with an arousement
wavelength of 488 nm and a radiation wavel ength of
475 nm. For each plate, averagefluorescent valuefrom
beyond 100 macrophages in different fields was
investigated, which was chosen to be quantitative
parameter.

Griessreagent Naphthylethylenediaminehydrochloride
(0.1%) (Sigma) was prepared with distilled water, and
1% sulfanilamide (Sigma) was prepared with 5%
HsPO,. The two reagents were mixed equally before
utilization.

Detection of the level of NO After 1 mmol-L™*
sodium nitrite (NaNO,) was diluted by means of
doubling series, it was mixed with equal Griess
reagent, then shaken for 10 min lightly at room
temperature. At last, absorbance value (A) of
triplicate samples was read on Bio-Rad 550 type
microelisa reader using a test wavelength of 550
nm. One hundred microliter of each supernatant
which wasto be determining was mixed with 5 uL of
300 g-L* ZnSO, to remove protein, then

centrifuged at 5000 rpm for 10 min. The supernatant
wascollected, and mixed with equal Griessreagent, then
shaken lightly for 10 minutes at room temperature.
Absorbance value (A) was read on Bio Rad 550 type
Microelisa Reader using atest wavel ength of 550 nm.

Statistic analysis

The statistical analysis between WPG injection group
and control group was made by means of Student’st
test.

RESULTS

NO content of produced by peritoneal
macrophages of nude mice stimulated by WPG
A standard curvewasmadeby andyzingthere ationship
between different concentrations of standard NaNO,
andthecorresponding A value assayed. Simultaneoudly,
linear correlation and regress on anaysiswasperformed,
andthelinear regression equationwasasfollows: Y =0.
013 +0.022X, r =0.999. It suggested that there existed
afinecorrel ation between the content of standard NaNO,
and the corresponding A value. The content of NO was
obtained correspondingly whenthe A value of different
samples substituted the linear regression equation. By
meansof thetatisticd anaysiswefoundthat the content
of NO produced by peritoned macrophagesof nudemice
in WPG injection group wassignificantly higher thanin
the control group (P<0.01, Table1).

WPG influence on IL-6, IL-12 and TNF-a
production of peritoneal macrophages of nude
mice

The content of I1L-6, IL-12 and TNF-a produced by
peritoneal macrophages of nude mice was detected by
employing laser scanning confocal microscopy, when
WPG of bifidobacteriabifidum wasinjected into nude
miceintraperitoneally. The results suggested that the
meacrophagespresent different color. Themacrophages
in WPG injection group appeared white, red, yellow
and bluewhich was narrow in arearelatively, while,
the macrophages in control group were mainly blue
and less yellow. Different color reflected different
fluorescent intensities. Analyzing with the ACAS
software of laser scanning confocal microscopy,
showed that the fluorescent intensity, which reflected
the content of IL-6, IL-12 and TNF-a emitting from
peritoneal macrophagesof nudemicein WPGinjection
group, was markedly higher that in control group
(P<0.01, Table1 and Figures 1,2).

Table 1 Influence of WPG on IL-6, IL-12, TNF-a and NO production by peritoneal macrophages of nude mice (X£s, n = 10)

Groups IL-6/A IL-12/A TNF-a/A NO (umol-L?)
WPG 1956.48+265.32° 2603.24+395.72b 813.42+106.77° 53.21+6.40°
Control 931.56+189.70 1054.33+184.50 318.90+76.35 30.67+12.83

2P<0.01, vs control group.
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Figure 1 The fluorescence picture of IL-12 derived from the
macrophages in WPG injection group.

Figure 2 The fluorescence picture of IL-12 derived from the
macrophages in control group.

DISCUSSION

WPG of bifidobacteriabifidumisabag-form structure
which consistsof polysaccharidesand peptidoglycans.
It preserved theintegral structure of whole cells, and
possessed someimportant biological characteristics,
such asrelaxation of senescence, antitumor, control
of infection, antimutation, etc®*4, Furthermore, it
could also activate macrophages of immune system
of the body. Tejada-Simon and his colleagues
demonstrated that WPG of bifidobacteria infantis
could activate RAW 264.7 macrophage cell line to
produce alot of TNF-a and NO in vitro'®. In our
report, the fluorescence intensity of IL-1, IL-6 and
TNF-a and the content of NO derived from the
peritoneal macrophagesof nudemicewassignificantly
elevated when WPG of bifidobacteria bifidum was
injected into nude mice intraperitoneally. It was
indicated that WPG of bifidobacteria bifidum could
activate macrophages to secrete a large amount of
cytotoxic effector molecules.

IL-1, IL-6 and TNF-a wastheimportant cytokines
produced by activated macrophages. They could
act many aspects of immune system. IL-6 could
promote the differentiation and maturation of B
lymphocytes, and stimulate these cells to secrete
antibodies. Furthermore, it also could induce
proliferation and activation of resting T
lymphocytes directly(*>, |L-12 could induce the
production of IFN-y by resting and activated T
lymphocytes and natural killer (NK) cells, and

possess the ability to act as a LAK cell growth
factor!2, TNF-a could augment the antitumor ability
of NK, CTL and LAK cells, and play animportant role
in adjusting the activation of T lymphocytes??3. These
cytokines had broard antitumor and antimetastatic
activitiesin vivo and in vitro markedly!?%!, NO was
the signal molecules and effector moleculeswhich had
broard biological activities. It was a so the important
effector molecules that activated macrophageskilling
tumor cells and pathogenic micro-organisms®**1, The
induction of these cytotoxic effector moleculesmay play
animportant roleinantitumor immunereaction of WPG.
It waswidely acknowledged that WPG could obvioudy
inhibit thegrowth of many kindsof tumorsinvivo. Rhee
and his colleagues demonstrated that WPG of
bifidobacteriaspp. Exhibited markedly antitumor activity
againgt subcutaneoudy trangplanted sarcoma180inmice
42, |shihara, et al reported that the volume of metastatic
skinmelanomaobvioudy decreased, whenintralesiona
administration of WPG of bifidobacteriainfantis was
prepared. We had also found that WPG of
bifidobacterium bifidum could induce apoptosis of the
colorecta carcinomatransplantation neoplasmsof nude
mice, and inhibit its proliferation simultaneoudly!*. In
our report, WPG could activate macrophagesto secrete
alot of IL-6, IL-12, TNF-a and NO. Because these
important mediators present obviousantitumor activity,
the cytotoxic effector molecules produced by activated
macrophages may mediate the effect on antitumor of
WPG.
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