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Thus, the findings do not provide a clear pic-
ture of how cholinergic and transmitter receptors
interact in the model of spontaneous IgE and IgG
production.
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Immunomodulatory activity of five new synthetic muramyl dipeptide (MDP) derivatives
(B-heptylglycoside-MDP, B-hexadecylglycoside-MDP, polyacrylamide-MDP, polyacryla-
mide-M DP-phosphatidylethanolamine, and dexal-MDP) is studied in vifro in different

test systemns.
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MDP derivatives and glucosamine-MDP have been
intensively studied during the last decade, but only
a few preparations have been used in clinical prac-
tice, notably, in oncology [10]. Monotherapy with
MDP derivatives is not effective enough. However,
these preparations are of interest as components of
complex therapy. The rather high toxicity of MDP,
which is due to stimulated production of tumor
necrosis factor (TNF), interleukin-1 (IL-1), and
prostaglandins, is an obstacle impeding their clini-
cal use. New analogs of natural MDP, which will
be less toxic and more effective in the activation of
regulator and effector lymphocytes, are required.

Research Institute of Human Morphology, Russian Academy
of Medical Sciences, Moscow. (Presented by N. K.
Permyakov, Member of the Russian Academy of Medical
Sciences)

The aim of our study was to investigate five
new MDP derivatives synthesized by us [2,6]: B-
heptylglycoside-MDP (C,H ,MDP); B-hexadecyl-
glycoside-MDP (C H,,MDP); polyacrylamide-MDP
(PMDP); polyacrylamide- M DP-phosphatidylethano-
lamine (PMDP-PE); and dexal-MDP (DMDP) in
different test systems in vitro.

MATERIALS AND METHODS

C57B1/6 and DBA/2 mice of both sexes were used
in the study. Medium RPMI-1640 containing 5%
fetal calf serum, 50 pug/ml gentamicin, 2 mM L-
glutamine, 10 mM HEPES, and 5x10% M 2-mer-
captoethanol was used in the experiments in vitro.
MDP derivatives were used in the tests in equimo-
lar concentrations: 5, 10, and 20 uM. C57Bl/6

0007-4888/94/0005-0508$12.50 ©1994 Plenum Publishing Corporation
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mouse splenocytes (100 ml, 2310° cells/ml) served
as responsive cells in a 5-day mixed lymphocyte
culture, and DBA/2 mouse splenocytes (50 pl,
15%10¢ cells/ml) treated with mitomycin C (50
pg/ml; 20x105 cells/ml; 37°C; 40 min) served as
stimulators. Fifty microliters of solution of MDP
derivatives were added to the wells in the experi-
ment, and 50 pl of culture medium in the con-
trol. Eighteen hours before the completion of cul-
turing 1 puCi of 3H-thymidine (4 Ci/mmol) was
added to each well. The index of stimulation of
proliferation was calculated. A 3-day blast transfor-
mation test (BTT) [14] was performed using 100
ul of suspension (2.5%10¢ cells/ml) of C57Bl/6
mouse splenocytes with 50 ul of concanavalin A
(ConA) (Pharmacia) or lipopolysaccharide (LPS,
Difco) per well. The final concentration of mito-
gens was 1 pg/ml. Solutions of MDP derivatives
(50 ul) were added to the experimental wells and
culture medium was added to the control wells.
Four hours before the completion of the test, 1
pCi of 3H-thymidine (24 Ci/mmol) was added to
each well. The proliferation index was calculated.
Allospecific cytotoxic T lymphocytes (allo-CTL) were
generated during 5 days in 24-well plates, the ratio
between responsive (C57B1/6 splenocytes; 2.5x10°
cells/ml) and stimulating (DBA/2 splenocytes trea-
ted with mitomycin C) cells being 5:1. MDP de-
rivatives were added to the experimental wells
and culture medium to the control wells. The cy-
totoxic activity (CTA) was determined in the 3'Cr-
release assay [8]. The ratio between the effector
cells and target cells (P815 strain, 10° cells per
well) was 30:1, 10:1, and 3:1. CTA was calculated
routinely. IL-1 production by C57Bl/6 peritoneal
macrophages was induced during 24 h after Lovett
et al. [11]. Aliquots (1 ml) of peritoneal exudate
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Fig. 1. Effect of MDP and its derivatives (20 pM) on

generation of allo— CTL in a mixed lymphocyte culture. I)
culture medium; 2) MDP; 3) C.H MDP; 4) C, H,,MDP; 5)
PMDP; 6) PMDP—PE; 7) DMDP.

cell suspension (5x10¢ celis/ml) were added to the
wells of 24-well Linbro plates. After 2 h, nonad-
herent cells were removed, and 2-ml aliquots of
solutions of MDP derivatives (2-ml aliquots of the
culture medium in the control) were added to the
wells. In studies of synergism between MDP de-
rivatives and LPS, 20 ng/ml LPS (Difco) were
added to the cultures. TNF production was induced
in the same manner as IL-1 production. IL-1 was
tested after Uede er al. [15] and TNF after Fish
et al. [9].

For assessment of the activity of natural kill-
ers (NK), C57B1/6 mouse splenocytes (1 ml, 106
cells/ml) were added to the wells of a 24-well
plate, and 1-ml aliquots of solutions of MDP de-

TABLE 1. Effect of MDP Derivatives (20 uM) on Splenocyte Proliferation under the Influence of 1 pg/ml LPS or ConA in BTT
(A) and on IL—1 Production by Peritoneal Macrophages (B), and Effect of MDP Derivatives (10 pM) on the Cytotoxic Activity

of NK (C)
A B C
Ezg:ll;itmizr;tsal Proliferation index Index of IL-1-indu-
ced thymocyte proli- CTA, %
feration

1. Culture medium —
5 MDP e ; ,~2; : . . : 39¢03 .
3. C,H,,MDP 4.8=0.2"
4. C H MDP 39201
6. PMDP— 3102 . 2824
7. DMDP 8.8%0.5 3.3%0.3* 313

Note. The reliability of differences between the effect of MDP derivatives and the control (the culture medium for A and C
and MDP for B) at p<0.01 and p<0.05 is denoted by one and two asterisks, respectively.
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Fig. 2. Effect of MDP and its derivatives on proliferation of murine splenocytes in a mixed lymphocyte culture (rel. units).

1) culture medium; 2) MDP; 3) C,H MDP; 4) C, H, MDP; 5 PMDP; 6) PMDP—PE; 7) DMDP.

rivatives (1-ml aliquots of the culture medium in
the control) were added to the wells. Forty-eight
hours later the cells were washed three times, and
CTA was determined in a 4-h 5'Cr-release assay,
the ratio between effector and target (YAK-1 strain)
cells being 100:1, 50:1, and 25:1.

RESULTS

C,H ,MDP was the strongest stimulator of the gen-
eration of allo-CTL. In a dose of 20 uM it raised
the cytotoxic activity by 32-109%, which was 15-
48% higher than in the case of MDP (p<0.05)
(Fig. 1). The activating effect of the preparation in
lower concentrations (10 and 5 uM) dropped
slightly. MDP (20 mM) enhanced the cytotoxicity
of allo-CTL by 16-41% (p<0.05). Similar effects
were exerted by PMDP and DMDP. PMDP-PE
virtually did not affect the generation of allo-CTL,
and C,,H,,MDP in a dose of 20 uM even inhib-
ited it by 51-59% (p<0.05), while having no ef-
fect in a concentration of 5 pM.

These findings correlated with the results of
studies of the effect of MDP analogs on splenocyte
proliferation in a mixed lymphocyte culture.
C,H MDP was the most active stimulator of pro-
liferation (Fig. 2). In a dose of 10 uM it caused
a 38% activation of proliferation, this being 16%
higher than in the case of MDP (p<0.05). PMDP
did not differ from MDP, while C H,, MDP in-
hibited proliferation. When the concentration of
preparation was lowered from 20 to 5 pM, the

inhibition decreased from 50 to 21%. DMDP and
PMDP-PE exerted weak effects.

The doses of LPS and ConA in the BTT were
chosen so that they constituted 30-50% of the op-
timal concentration. DMDP in a dose of 20 uM
enhanced the ConA-induced proliferation by 31%
(p<0.05) (Table 1). MDP and C.H MDP slightly
activated the reaction of blasttransformation, PMDP-
PE and PMDP caused no effect, and C H,,MDP
suppressed proliferation. MDP, C.H, ,MDP, and
DMDP enhanced the effect of LPS to an approxi-
mately equal degree (20-35%, p<0.05) (Table 1).
PMDP activated blasttransformation only in a dose
of 20 uM (20%, p<0.1). PMDP-PE had no effect
on blasttransformation, and C,.;H,,MDP inhibited it.

PMDP in a dose of 10 pM enhanced the
spontaneous CTA with respect to NK-sensitive
YAK-1 cells (the ratio between effector and target
cells being 25:1) by 42% (p<0.05) (Table 1). The
activity of C,H ,MDP in a dose of 10 uM (29%,
p<0.05) was somewhat lower. MDP in all doses
and its derivatives in concentrations 20 and 5 pM
had no significant effect on the activity of NK,
except for C,;H,,MDP, which in a dose of 20 uM
suppressed the activity of NK by 21-47% (p<0.095).

C,H,MDP in a dose of 20 puM was the
strongest activator of IL-1 (25%, p<0.05; Table 1)
and TNF (38%, p<0.1; Fig. 3) production. When
its dose was lowered to 5-10 pM, its activity
slightly dropped and differed little from the effect
of MDP. The activity of the other preparations did
not surpass that of MDP, while the effect of



O. V. Kalyuzhin, B. B. Fuks, et al.

PMDP-PE was inferior to that of MDP. Similar
results were obtained in studies of the synergic
effect of MDP derivatives and LPS on IL-1 and
TNF production. Only C H,,MDP in a dose of
20 uM enhanced IL-1 production more actively
(by 14%, p<0.05) than MDP.

Our findings, for the most part, do not con-
tradict published data [3-5,7,12,13].

In almost all tests the amphiphilic preparation
C,H MDP exhibited an activity which was mark-
edly higher than the effect of MDP. It is worthy
of note that C.H MDP markedly enhanced T-lym-
phocyte proliferation and the generation of allo-CTL
in a mixed culture. These results provide evidence
that the regulatory (helper) component in a mixed
lymphocyte culture is activated by C,H MDP, this
leading to reinforcement of the killer component. It
is still not clear, how C,H MDP activates the pro-
duction of the important “helper” lymphokines: IL-
2 and IL-4. As is well known [10], in some tu-
mors it is precisely these components of the intra-
tumor immune system which are most likely to suffer
from immunosuppressive factors of the tumor cell.
Such an effect is absent in BTT with ConA and LPS,
i.e., this probably occurs under conditions where
the proliferation rate depends less on a deficiency
of helper functions. The third important component
of antitumor immunity, NK, is also considerably
activated by this preparation. Finally, C.H MDP
markedly boosts IL-1 and TNF production.

C,H,,MDP, a lipophilic analog of the amp-
hiphilic preparation (C.H MDP) with a longer
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aliphatic chain, exerted the opposite effect upon
the same components of immunity, except for IL-
1 and TNF production. Without an indepth
analysis of this fact, we are obliged to conclude
that the amphiphilic derivative of MDP, i.e., a
substance which more readily migrates from the
aqueous phase to the lipid membranes and vice
versa, has a more marked effect on the important
cytoplasmic and membraneous events leading to
lymphocyte activation than its lipophilic homolog
CH,,MDP, which must be retained by the lipid
membranes a priori.

In our experiments the use of a polymeric
substrate for the MDP groups did not enable us
to obtain the same effect as was caused by the
presence of the amphiphilic chain. This also ap-
plies to the combination of polymeric and lipo-
philic properties (PMDP-PE). Our findings map
out a clear path for further research: the combi-
naiton in one molecule of physiologically active
chemical groups with the amphiphilic nature of the
molecule as a whole.

To sum up, we recommend using C.H MDP
as a modulator of antitumor immunity in further
experiments on tumor-bearing animals in vivo and,
at the next stage, in clinical trials.

PMDP and DMDP are also of some interest.
For instance, PMDP in a dose of 10 uM en-
hanced the cytotoxicity of NK by 42%, and the
effect of DMDP with respect to the enhancement
of lymphocyte proliferation in BTT with a subop-
timal dose of ConA surpassed that of MDP.

Concentration of immunomodulators
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Fig. 3. Effect of MDP and its derivatives on TNF production by murine peritoneal macrophages. ) culture medium; 2) MDP;

3) C,H,,MDP; 4) C,;H,,MDP; 5) PMDP; 6) PMDP—PE; 7 DMDP.
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CH,,MDP induced activation of macrophages
to the same degree as MDP, stimulating IL-1 and
TNF production. C ;H,,MDP in a dose of 20 pM
in combination with a suboptimal dose of LPS (20
ng/mil) was more effective with respect to the in-
duction of IL-1 production than MDP in combi-
nation with LPS in the same doses. However, in
other tests the preparation exhibited a pronounced
inhibitory effect, which diminished when the con-
centration of the preparation was lowered from 20
to 5 uM.
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