Muramyl Dipeptide-Induced Inhibition of DNA
Synthesis of Guinea Pig Peritoneal Exudate
Macrophage and its Biological Signiticances
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Abbreviations: BCG, bacille Calmette-Guérin ; cAMP, adenosine 3, 5-cyclic mono-
phosphate ; LPS, lipopolysaccharide : M ¢, macrophage ; MDP, muramy! dipeptide ; PBS,
phosphate buffered saline; PCA, perchloric acid ; PGE, prostaglandin E,; TCA, tri-
chloroacetic acid.
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A structure of bacterial cell wall peptidoglycan.

The structure surrounded by broken lines shows MDP.
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Table 1. [*H]Thymidine incorporation into whole cell and cell fraction of macrophage

[*H]thymidine incorporation(cpm)

whole cell

TCA insoluble fraction

115,493 £11,524
110,591+12,637

TCA soluble fraction 3,946 402
hot PCA soluble fraction 102,007 £9,461
hot PCA insoluble fraction 2,500+493

Assays were performed as described under Materials and Methods. Data represent the
mean (*standard deviation) of replicate cultures.
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Fig. 2. Autoradiographys (x) of (PH) thymidine-
incorporated macrophages.
a) control. b) MDP treated. The arrows in the
figure show heavily labelled macrophages,
Assays were perfomed as described under
materials and methods.
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insoluble fraction.

Macrophages (1% 10° cells) were incubated in 2 ml
TC 199 medium with various concentrations of

1 100 1,000
Amount of Aphidicolin (ng/ml)
Fig.3. Suppression of (*H ) thymidine incorporation

by aphidicolin. Macrophages (1 X 10° cells) were
incubated in 2 ml TC 199 medium with various
concentrations of aphidicolin for 5 min. (*H)
thymidine (0.5 xCi) was added to the culture
medium and the radioactivity of the TCA-
insoluble fraction was measured 3 hr after the
addition of (*°HJ thymidine. Data represent the
mean of triplicate cultures.

MDP (@) orLPS (4). (*H]) thymidine (0.5 zCi)
was added to the culture medium at 24 hr and the
radioactivity of the TCA-insoluble fraction was
measured 24 hr after the addition of (*H) thymi-
dine. Data represent the mean of triplicate
cultures.

% incorporation=(cpm with MDP or LPS/cpm
without MDP or LPS) X100

Table 2. [*H]Thymidine incorporation into TCA-insoluble fraction of macrophages

Substance added cpm
to culture Exp. 1 Exp. 2 Exp. 3 o, 4
none 31,597%1,108 44,177£730 25,461%2,107 12,010%+1,562

MDP 10 pg/ml 2,811+161 3,151+209 4,809 1550 2,329%272

Macrophages (1 x 10 cells) were incubated in 2ml TC 199 medium wite or witout MDP (10 gg/ml)
for 24 hr, and then 1 4Ci [*H]thymidine was added. After another 24 hr incubation, 109% TCA was
added. TCA-precipitable radioactivity was measured in a scintillation counter.  Data represent the
means (*standard deviation) of triplicate cultures.
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Fig.5. Effects of various concentrations of MDP

or LPS on (*C) glucosamine incorporation into
TCA-insoluble fraction.
Macrophages (1 X108 cells) were incubated in % mi
TC 199 medium with various concentration of
MDP (®) or LPS (A) first for 42 hr, and then 0.
2 uCi (*C) glucosamine was () dded and they
were incubated further for 6 hr. 10% TCA was
added to the culture and TCA precipitable
radioactivity was measured in (¥ scintillation
counter.

2,000 A

1,000 +

Control MDP

[*HIThymidine incorporation (cpm/1x10° cells)

Fig. 6. Effect of MDP on the cell membrane
transport of thymidine into macrophages.
Macrophages (1 X 10° cells) were incubated in 2 ml
TC199 medium with or without MDP (10 ug/ml)
for 24 hr, pulsed with one Ci of {(®*H) thymidine
for 15 minutes and measured for radioactivity
incorporated into the whole cell.
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Fig. 7. Effects of wvavious concentrations of PGE,

or MDP on (*H) thymidine incorporation into
TCA insoluble fraction.
Macrophages (1 X 10° cells) were incubated in 2 ml
TC 199 medium with MDP (®) or PGE, (&). [®
H) thymidine (0.5xCi) was added to the
medium at 24 hr and the radioactivity of TCA-
insoluble fraction was measured 24 hr after the
addition of (*HJ) thymidine. Data represent the
means of triplicate cultures.
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Table 3. Fffect of MDP, cyclic AMP or cyclic GMP on [*H]thymidine or [*C]glucosamine incorpo-
ration into marrophage TCA-insoluble fraction

Chemicals added (u2) PHIThymidine PCIGRucosamine
none 42,927+1,564 20080
MDP 0.001 49,908 +2,289 210+24

0.01 46,888+1,583 4138
0.1 14,299 %276 564+47
1 8,431+127 633+18
10 7,84514 698+ 107
Cyclic 0.001 41,475+244 182%18
AMP 0.01 39,123 %542 196+ 16
0.1 34,940£1,984 183£6
1 8,840 482 252+17
10 1,938:£200 299+ 25
Cyclic 1 44,214 1+986 230£20
GMP 10 43,786 4,075 226+ 6
100 39,922+1,110 172+15

The assay conditions were the same as in Fig. 4 and 5 except that dibutyl cyclic AMP and dibutyl
cyclic GMP at different concentrations was added. Data represent the means (*standard deviation)
of triplicate cultures.
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Table 4. Relationanship among biological activities of MDP, it’s analogs and cell wall components

[**Clglucosamine® [*H]thymidine® granuloma adjuvant
incorporation incorporation . s

stimulation index 9% suppression formation activity
Control 1.0 0 - -
MDP 2.8%£0.3 807 + +
(L-Val) 2.5%0.3 707 + +
(D-Ala) 1.1£0.2 —19=x12 - -
(L-isoGIn) 0.8+0.3 —-7x10 - -
(D-isoAsn) 0.8%+0.2 8+13 — -
M. tuberculosis whole cell 2.7£0.3 609 + +
cell wall 2.9%0.5 55%7 + +
S. epidermidis peptidoglycan 2.5%0.4 81%8 + +
SEPS* 2.6%0.3 83+10 + +
L. plantarum peptidoglycan 2.7%0.5 85+11 + +
LPCM-A* 2.6%0.6 84+8 + +
E. coli LPS (w) 3.5%0.7 8619 + +

Assays were performed as described under Materials and Methods.

* SEPS: a fraction obtained from enzyme-lysate of S. epidermidis cell walls. ** LPCM-A: a frac-
tion obtained from enzyme-lysate of L. plantarum cell walls. Data represent the means of the stimu-
lation index® and 9% suppression® obtained in 3 separate experiments. Stimulation index (SI) and %
suppression (PS) were calculated from triplicate cultures as follows: SI=mean ['*C]glucosamine in-
corporation without test materials PS=(l-mean [*H]thymidine incorporation with test materials/mean
[3H]thymidine incorporation without test materials) x 100.
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Abstract

Muramyl dipeptide (MDP) is a minimal structure necessary for various biological activities of
bacterial cell wall peptidoglycans. MDP induces in guinea pigs the granulomas containing macro-
phages and epithelioid cells differentiated from macrophages. This suggests that MDP differenti-
ates macrophages into epithelioid cells. This study was undertaken to gain an insight into the
mechanism of the activation and differentiation of macrophage induced by MDP. For this
purpose, the effect of MDP on macrophage DNA synthesis was studied in view of the generally
accepted fact that DNA synthesis is decreased when cells differentiate.

Guinea pig peritoneal exudate macrophages actively incorporated [ H] thymidine into trichlo-
roacetic acid-insoluble fraction in vitro without macrophage proliferating factors. The incorpo-
ration of [3H] thymidine was almost completely inhibited by aphidicolin, an inhibitor of DNA
polymerase-x and an autoradiograph showed heavy labeling in nuclei of about 20% of macro-
phage populations. These results indicate that the observed thymidine incorporation reflected a
DNA synthesis for replication.

When macrophage were stimulated by MDP, the [3H] thymidine incorporation was markedly
suppressed while [!4C] glucosamine incorporation was increased. The suppression of [*H]
thymidine incorporation by MDP was not due to the decrease in thymidine transport through the
cell membrane. An autoradiograph revealed that MDP decreased markedly the number of
macrophages whose neclei were labeled by [3H] thymidine. These results indicate that the
suppression of [2H] thymidine incorporation by MDP was due to a true inhibition of DNA
synthesis. Cyclic AMP and PGE,, both of which are known to be increased in amount in macro-
phage by MDP stimulation, suppressed DNA synthesis of macrophage, suggesting that cyclic AMP
might be involved in the inhibitory effect of MDP.

Concerning various analogs of MDP, a close correlation was observed among the capacities of
activating macrophage, suppressing DNA synthesis and inducing epithelioid granuloma for-
mation. These findings suggest that suppression of DNA synthesis by MDP may be induced
by macrophage activation and represent an initial event during the differentiation of macro-
phages for epithelioid cells.




