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prodigiosin costimulation (see Fig.2), allowing us to conclude
merely that there is a tendency toward a stimulation of O,
formation by Mn.

The study confirmed the ability of tafisin like peptides
from the CRP molecule to the formation of active forms of
oxygen in Mn and Nph of human peripheral blood regardless
of the presence of a second stimulating signal. This conclusion
is confirmed by the reliable comrelation coefficients between
the peptide effects on intact and stimulated Nph (r =0.86+0.11)
and Mn (r=0.85-+0.11); p<0.001 in both cases. In addition,
the influence of the peptides from the CRP molecule was
found to be not inferior to that of tafisin, a well-known
activator of blood phagocytes. Therefore, the himited CRP
proteolys occuming in the inflammation focus under the
influence of intra- and extracellular enzymes of nentrophilic
origin may be assumed to regulate phagocyte activity by
means of the removal of peptides of different composition.

Peptides split off from the CRP molecule differ in their
tropism with respect to phagocytes. While TKPQ and TKPL
showthe greatest stimulating effect with respect to Nph,
GKPR and TKRL are the most effective with respect to
monocytes. Based on differences in effective concentrations
on can evaluate the range of peptide influence. The fact that
TKPQ show maximum activity in high concentrations (10
M) is assumed to be evidence for its activity within the bounds
of the inflammation focus, whereas GKPR and TKPL. are
most effective in concentrations ranging from 10° to 10-1M
and probably have a more systemnic effect. The altemative
explanation of this phenomenon may consist in the differences
in the affinity of the sites of different peptides on phagocytes.

Consequently, the immunoregulatory properties of
CRP are not only associated with its native molecule or its

subunits but are also mfluenced by the nature of limited
proteolysis occurring in the inflammation focus. The removal
of taftsin like peptides from the CRP molecule may therefore
be assumed to cause the involvement of mew cells in
protective reactions and act on the distribution of functions
between them.
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A combination of lipopolysaccharide (LPS) and
muramyl dipeptide (MDP) administered to tumor-
bearing mice has been shown to cause delayed growth

and rejection of the tumor [2]. To achieve this effect,
however, LPS and MDP have to be given in near-
toxic doses, which interferes with their use as
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antineoplastic agents. In addition, tumor-bearing
animals display increased susceptibility to the toxic
actions of bacterial immunomodulators [4,5].

In mice with growing tumors, such heightened
susceptibility is due to the presence of certain high-
molecular-weight substances in their serum [3] and to
the activation of reticuloendothelial cells which produce
increased amounts of tumor necrosis factor (TNF)
when exposed to LPS [12]. Moreover, tumor-bearing
animals exhibit increased sensitivity to the toxic action
of this factor which is an important endogenous
transmitter of the effects produced by LPS [10].

In this study, an attempt was made to assess the
contribution of TNF to the lethality of mice sensitized
by factors contained in the sera of tumor-bearing
mice, and to find out which cells of the mice thus
sensitized are responsible for the augmented TNF
production in response to stimulation by a combination
of LPS and MDP.

MATERIAL AND METHODS

C57BL/6(H-2*) and BALB/c (H-2¢) mice of both
sexes aged 2-3 months were used. C57BL/6 mice
were injected with syngeneic leukemia EL-4 cells
subcutaneously at 1x10° cells per mouse.

Sera were obtained from intact mice and those
with subcutaneous tumor nodes (on day 7 of tumor
growth) and stored at -20°C.

Sera from the tumor-bearing mice were passed
through filters with different pore sizes - UM2, UM10,
PM30, XM50, XMI100A, and XM300 - that allow
passage of substances having molecular weights of less
than 1, 10, 30, 50, 100, and 300 kDa, respectively.
The resulting fractions were stored at - 70°C and
examined for their ability to elicit sensitiza-tion to

TABLE 1. Effect of Serum Fractions from Tumor-Bearing Mice on TNF Level
and tethality of Recipient Mice Given LPS or MDP {Mean values + SD)

Pretreatment Lethality, % | TNF, units/mi
None 20 29,329,9
z’:]oiszhu!ebuffered 33,3 124,2568,7
Infact  serum 20 18,4£5,0
Tumor  serum 100* 15990,6+6031,3*
Serum  fractions  from
tumorbearing  mice, kD

<1 13,3 248,8+161,3
1-10 33,3 43,3+16,8
10-30 80* 8103,1£3236,5*
30-50 53,3 92,8+£38,9
50-100 26,6 90,0+43,1
100-300 100* 21477,1£4993,1*
>300 100> 34384,8+14376,2

Note: 'p<0.05.

endotoxin shock and thus induce TNF hyperproduction
in response to the subsequent administration of LPS
plus MDP.

In each of the experiments, sera or their fractions
were injected intravenously into the retro-orbital sinus
in an amount of 0.2 ml. After 24 h, a proportion of
the mice received an intravemous injection of LPS
(20 ug) and MDP (20 ug) or various doses of a
recombinant human TNF-o (kindly donated by
V.G. Korobko, senior researcher at the Institute of
Biological Chemistry, Russian Academy of Medical
Sciences) in 0.2 ml of phosphate-buffered saline
(PBS) to evaluate their sensitivity to the toxicity of
these agents. Lethality among these mice was
determined 48 h thereafter.

The remaining mice were used to study TNF
hyperproduction in vivo and in vitro. In these experiments,
LPS and MDP were used in combination, as it had
been shown in our laboratory that their combinations
are more potent in eliciting TNF production than either
of them alone [1]. In the invivo experiments, sera
obtained from mice 2 h after the injection of these two
immunomodulators were tested for TNF. In the in vitro
experiments, plastic-adherent and nonadherent
splenocytes (5 x 105 cells of each type) as well as
unseparated splenocytes (1 x 10°) were incubated with
various doses of LPS and MDP, and the supematants
harvested 2, 6, and 24 later were tested for TNF activity
on L-929 target cells [8]. The cytotoxic activity of TNF
in the sera was defined as their dilution at which 50% of
the target cells were lysed. The cytotoxic index (Cl) in
the supernatants of cells incubated with the
immunomodulators was calculated by the formula
Cl = (a - b)/b x 100, where « is the optical density
(absorbance) of the incubation medium-containing
wells and 5 is the optical density of the supernatant-
containing wells.

RESULTS
We have shown previously that the state of sensitization
to the endotoxin shock induced in tumor-bearing
animals by a combination of LPS and MDP can be
produced, and transferred to intact animals, with
high-molecular-weight substances contained in the
serum [3]. In this study, we further fractionated these
substances and tested them for their ability to induce
TNF hyperproduction in parallel with the examination
of their impact on the susceptibility of mice to
endotoxin shock. As seen in Table 1, a good correlation
was observed between lethality and TNF activity in
the sera from mice presensitized by various fractions
of sera from tumor-bearing mice.

These findings are in accord with those of other
authors reporting a correlation between the severity of
some parasitic [15] or infectious [11] diseases and
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Fig. 1. Effect of sera from tumor-bearing mice on TNF production by
splenocytes from recipient mice. Abscissa: incubation time {hours) of
splenocytes withimmunomodulators. Ordinate: LPS concentration: o) 1 ng/
ml; b} 10 ng/ml. I and 3, Mice given infact serq; Z and 4, mice given sera
fromtumor-bearing mice; 3and 4, splenocytes not exposedte LPS or MDP.
Here and in Figs. 2 and 3 the asterisk shows values for which p<0.05.
Fig. 2. TNF production by adherent and nonadherent spleno-cytes from
mice sensitized with sera from tumor-bearing mice. LPS concentration: a
and ¢, 1 ng/ml; band d, 10 ng/ml. @ and b, Adherent splenocytes; cand
d, nonadherent splenocytes. 1 and 3, Mice givenintact sera; 2and 4, those
given sera from tumor-bearing mice; 3 and 4, cells not exposed to LPS
and MDP. For other designations see Fig. 1.

Fig. 3. Effect of sera from tumor-bearing mice on the susceptibility of intact
mice to the toxic action of recombinant TNF. Ordinate: % lethality. At 24
h before TNF injection (a, 5 pg/mouse; b, 10 png.mouse) BALB/c mice
received the following: 1, nothing (control); 2, PBS; 3, sera from intact
C578BL/6 mice; 4, serafrom C57BL/6 mice with subcutaneous EL-4 tumors.
Figures under columns: numerator, number of dead animals; denominator,
number of test animals.

C57Bl/6{H-2% and BALB /c {H-29) mice of both sexes aged 2-3 months were used. C578L/
6 mice were injected with syngeneic leukemia EL-4 cells subcutaneousty at 10 X 10 cells
per mouse.

TNF levels in sera from patients. It has even been
claimed by some that the serum level of TNF in
patients with meningitis is a predictor of death from
this disease [9].

Peripheral blood monocytes from cancer
patients are known to produce increased amounts

of TNF in response to LPS [12]. and this has
led us to suggest that the major contribution to
TNF hyperproduction in our model was made by
cells of the macrophage lineage. It can be seen in
Fig. 1 that the splenocytes from mice sensitized
by sera from tumor-bearing mice elaborated more
TNF when stimulated by LPS and MDP that did
those from mice pretreated with sera from intact
mice. Sera from tumor bearers also exerted a
sensitizing effect on adherent spleen cells. These,
as well as the unseparated spleen cell population
of mice sensitized by sera from tumor bearers for
24 h, were found to produce TNF in increased
amounts (Fig. 2). In contrast, the nonadherent
splenocytes from mice sensitized with such sera
failed to elaborate increased amounts of TNF
when stimulated with LPS plus MDP. It should
be noted that peritoneal cells from mice that had
received sera from tumor-bearing animals pro-
duced TNF in the same amounts as did those
from the control mice pretreated with intact sera.
It remains to be seen what contribution, if any,
is made to this effect by adherent cells of other
organs, particularly liver and lung.

The factors contained in sera from tumor bearers
are thus able to sensitize adherent spleen cells and
augment their capacity for induced production of
TNF. The susceptibility of experimental animals to
endotoxin shock can be increased by some of the
substances, such as glucan and BCG, that activate
cells of the reticuloendothelial system {14]. It is
noteworthy that TNF was originally identified in the
sera of BCG-activated animals [7]. Substances that
sensitize cells of the macrophage series therefore
promote TNF production in the presence of LPS,
thereby increasing lethality among mice with endotoxin
shock. Some of the macrophage functions are also
activated during tumor growth [5, 6].

The ability of mice to produce TNF, o/B-
interferon, and interleukin-6 in response to endotoxin
has been shown to increase considerably after
subcutaneous tumor implantation [13].

In addition to eliciting hypersensitivity to the
toxic action of LPS and MDP, sera from mice with
growing tumors also led in our experiments to augmented
lethality among mice given the recombinant TNF
(Fig. 3). The latter’s dose of 5 pg/mouse, while being
nontoxic to the control mice, caused a 70% lethality
in the group of mice preinjected with sera from tumor
bearers.

It looks as if TNF itself, which is a major
mediator of endotoxic shock, can induce the production
of other factors that, too, are involved in the development
of pathological changes following endotoxin
administration.
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In conclusion, we have shown that augmented
TNF production correlates with increased lethality among
mice with endotoxin shock after their sensitization with
high-molecular-weight substances contained in the sera
of tumor-bearing mice. Such TNF hyperproduction is
shown by cells of the macrophage lineage from sensitized
apimals. Intact animals injected with sera from tumor-
bearing mice become more susceptible not only to the
toxic activity of LPS and MDP but also to that of the
recombinant TNF. With the substances contained in
the sera of tumor-bearing animals, hypersensitivity to
LPS and MDP resulting in TNF hyperproduction can
therefore be transferred to macrophagal elements of
intact animals and, in addition, the sensitivity of the
body systerns acted upon by the TNF itself can be
increased in these animals.
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Much attention has been paid of late to search for
agents capable of suppressing carcinogenesis, since
such agents appear to be promising in the primary
prevention of cancer [1]. Some authors have reported
that a natural ginseng root tincture inhibited the
development of pulmonary adenomas induced by
various carcinogens in mice [5,17}]. An epidemiologic
survey from South Korea, where ginseng preparations
are widely used, has demonstrated by the chance
control method that patients with malignancies use
ginseng much more seldom than control patients with
nononcologic diseases [16]. Hence, further research of

the oncoprophylactic or anticarcinogenic characteristics
of ginseng seems to hold promise.

The present research was aimed at experimental
study of ginseng potentialities in the prevention of
mammary carcinoma. Bioginseng, an officinal drug
(Provisional Pharmacopeial Article No 42-1890.89 as
of Aprl 21, 1989), obtained from cultured cells of
Panax ginseng C.A.Mey, was used in the study. The
cultural bioginseng preparation is characterized by the
same pharmacologic activity as natural ginseng root
galenics [4], but it is more readily available for clinical
practice.

Laboratory for Preclinical Trials, N.N.Petrov Research Institute of Oncology; Department of Physiology, Chemical Pharmaceutical
Institute of the Ministry of Health of the Russian Federation, St.Petersburg
[Presented by Academician N.P.Bekhtereva, of the Russian Academy of Medical Sciences)



