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Genetically determined peculiarities of the reaction of the mononuclear phagocyte system to
BCG vaccine manifested in CBA and C57B1/6 mice by differences in the number and size of
granulomas and time course of changes in the cellular composition of granulomas, peripheral

blood, and bone marrow.
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Differences in the realization of response to environ-
mental factors in individuals are genetically deter-
mined peculiarities of organs and systems, including
hormonal and mononuclear phagocyte systems [8].
This suggests the existence of appreciable differences
in the realization of response to infectious factors, e.g.,
to Mycobacterium tuberculosis [11].

We studied the role of phenotypical determination
of the mononuclear phagocyte system reactions in in-
bred CBA and C57Bl/6 mice with chronic granulo-
matous inflammation induced by injection of BCG
vaccine.

MATERIALS AND METHODS

The study was carried out on 2-month-old male CBA
and C57Bl/6 mice (20-22 g) from Breeding Center of
Institute of Cytology and Genetics. These mouse strains
were selected because they are opposite by sensitivity
to tuberculosis [2,3]. Electron microscopy showed dif-
ferences in the ultrastructural organization of hepato-
cytes and adrenals in these two strains. C57Bl/6 mice
are characterized by significantly higher basal and
ACTH-stimulated levels of 11-hydroxycorticosteroids
compared to CBA mice [8].
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Tuberculous granulomatous inflammation was in-
duced by intraperitoneal injection of 0.5 mg BCG vac-
cine (Allergen Firm) in 0.2 ml 0.9% isotonic NaCl
[7,9]. Control group consisted of intact 2-month-old
mice of both strains. Ten mice from each group were
taken for morphological studies. The animals were
kept on a standard working diet. The mice were deca-
pitated under ether narcosis. Liver samples were col-
lected 1, 2, and 3 months after infection of BCG vac-
cine and fixed in 10% neutral formalin solution. Histo-
logical sections (5-6 p) were stained with hematoxylin
and eosin [6]. The number of BCG granulomas in the
test area, their diameters (u), and cell composition of
BCG granulomas in the liver were evaluated [7,9,10].
Numerical density of Kupffer cells in the liver stained
using Lysozyme Monoclonal Antibodies (DAKO) was
evaluated by the streptavidin-biotin method. The pro-
portion of monocytes (Mn) in the bone marrow (cen-
tral compartment of the mononuclear phagocyte sys-
tem; MPS) and peripheral blood was evaluated [6].
The results were processed using Student’s ¢ test. The
differences between the means were considered sig-
nificant at p<0.05.

RESULTS

The pattern of infectious granulomatous inflammation
is determined by several factors: type and dose of the
agent, immune status, specifically MPS, morphology
and function of macrophages (Mp), their count, efc.
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[3]. Granuloma-forming centers in the liver are resi-
dent Mp (Kupffer cells). The numerical density of
Kupffer cells in intact C57B1/6 mice was 1.38 times
higher than in CBA mice (3.35+0.31 vs. 2.43+0.20).
However, 1 month after infection the number of gra-
nulomas in animals of two strains was similar (Table
1). Presumably, this was due to greater capacity of the
agent to fixation in Kupffer cells of CBA mice. Two
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Fig. 1. Cell composition of BCG granulomas in the liver of CBA (light
bars) and C57BI/6 mice (dark bars) 1 (a), 2 (b), and 3 months (c¢)
after infection. 1) macrophages; 2) epithelioid cells; 3) lymphocytes;
4) neutrophils.

months after infection the number of granulomas in
C57Bl/6 mice was 3.36 times higher than in CBA
mice; 3 months after infection the number of granu-
lomas in C57Bl/6 mice was 5.6 times higher than in
CBA animals. The diameter of granulomas in C57Bl/6
mice was greater than in CBA animals at all terms of
the study (by 1.4, 1.5, and 1.2 times, respectively). By
month 3 the number of granulomas in CBA mice de-

TABLE 1. Results of Morphometric Studies of BCG Granulomas in the Liver of CBA and C57BI/6 Mice (M+m; n=30)

Parameter Period of observation, months CBA C57BI/6
Numerical density of granulomas,
per 5.63x10° p? 1 0.88+0.09 0.81+0.08
2 0.25+0.04 0.840+0.085*
3 0.25+0.04 1.41£0.14*
Diameter of granulomas, u 1 39.8+1.48 56.4+2.12*
2 36.2+1.36 53.96+2.16*
3 36.84£1.32 46.28+1.64*

Note. *p<0.05 compared to CBA.
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Fig. 2. Peripheral blood (a) and bone marrow monocytes (b) of CBA (1) and C57BI/6 mice (2) in health and experimental tuberculosis.

creased and in C57B1/6 mice increased significantly
(by 60%), the diameters of granulomas in this group
was greater. Presumably, MPS cells in C57Bl/6 mice
are incapable of effectively eliminating the agent. This
can be due to defective phagosomal-lysosomal fusion
or inefficiency of oxygen-dependent mechanisms of
mycobacterium suppression in Kupffer cells (in con-
trast to CBA mice), which is compensated by more
pronounced infect localization reaction (granulomas
and their size) in C57B1/6 animals. The increase in the
number of granulomas by month 3 in C57Bl/6 mice
seems to indicate dissemination of the agent and, pre-
sumably, indirectly confirms lower efficiency of the
mechanisms of mycobacterium suppression by phago-
cytes in this mouse strain.

The study of the dynamics of cell composition of
granulomas revealed interstrain differences 1 month
after infection (Fig. 1, a), involving Mp, epithelioid
cells, and lymphocytes. The number of cells and size
of granulomas did not change in all groups (Fig. 1).
One month after infection the number of Mp in gra-
nulomas of C57B1/6 mice was 1.4-fold higher than in
CBA mice and the content of epithelioid cells was 9%
higher (Fig. 1, a). The content of lymphocytes and
neutrophils in granulomas in mice of two strains were
also different (Fig. 1).

Migration of new Mn into a granulema is a con-
dition for the maintenance of its cellular composition
[4,5]. The count of Mn in intact C57B1/6 mice was 2.3
times more than in CBA animals, indicating initial
differences in this parameter in the peripheral blood
of mice of different strains (Fig. 2, a). During the de-
velopment of granulomatous inflammation, the propor-
tion of peripheral blood Mn increased 1 and 2 months
after injection in mice of both strains. By month 3 this
parameter returned to the initial level, no differences
between the strains were observed (Fig. 2, a).

Comparison of these data with the content of Mn
in the bone marrow (Fig. 2, b) showed the same initial
levels of Mn in mice of both strains, but with de-
velopment of granulomatous inflammation in CBA
mice the level of Mn increased 3-fold by month 3 after
infection compared to the control group, while in
C57B1/6 animals this parameter was 3-fold lower. De-
spite high level of granuloma formation, the bone mar-
row Mn content in CBA mice remained at the initial
level during the first 2 months after infection, while
the increase in the count of these cells in the peripheral
blood was presumably due to accelerated release of
Mn from the bone marrow and/or recruiting of Mn
from other pools. The content of Mn in the bone mar-
row is significantly lower than the tissue pool of Mn
[4]. Increased content of Mn in the bone marrow of
CBA mice by month 3 was presumably due to the
decrease in functional “demand” because of decreased
number of granulomas and hence, in the content of
agents isolated in granulomas. On the other hand, the
bone marrow pool of Mn decreased significantly in
C57BIl/6 mice by month 3 in comparison with month 2,
which could be due to their release into the blood and
tissue, specifically, into the liver.

Changes in Mn content in the bone marrow and
peripheral blood of C57B1/6 mice seemed to be caused
by the bone marrow “lock” phenomenon for Mn as a
result of increased basal and ACTH-induced produc-
tion of glucocorticosteroids [8] or a higher “require-
ment” because of increase in the number of granulo-
mas. This effect did not manifest in CBA mice.

Hence, we showed differences in the initial counts
of Kupffer cells and of Mn in the peripheral blood in
the two strains, which are not related to normally dif-
ferent content of Mn in the bone marrow in animals
of the two strains. The role of animal genophenotype
in determination of the mononuclear phagocytes re-
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sponse to infection by BCG vaccine at different levels
and on different components of formation of defense
reaction in tuberculosis is demonstrated.

REFERENCES

1. Z. K. Blandova, Laboratory Animal Strains for Biomedical
Studies [in Russian], Moscow (1983).

2. V. I. Litvinov, L. N. Markov, V. V. Nikonenko, et al., Probl.
Tuberkuleza, No. 2, 53-55 (1993).

3. N. V. Masnaya, A. A. Churin, O. S. Borsuk, et al., Byull. Eksp.
Biol. Med., 134, No. 8, 437-439 (2002).

4. D. N. Mayanskii, Kupffer Cell and Mononuclear Phagocyte
System [in Russian], Novosibirsk (1981).

5. D. N. Mayanskii, E. Visse, and K. Deker, New Lines of Hepa-
tology [in Russian], Novosibirsk (1992).

6. D. S. Sarkisov and Yu. L. Perov, Eds., Microscopic Techni-
ques: Manual [in Russian], Moscow (1996).

7. A. P. Nadeev and V. A. Shkurupii, Probl. Tuberkuleza, No.
5, 46-48 (2002).

8. V. A. Shkurupii, Ultrastructure of Liver Cells in Stress [in
Russian], Novosibirsk (1989).

9. V. A. Shkurupii, E. V. Ovsyanko, A. N. Mashak, and Ya. U.
Ovsyanko, Byull. Eksp. Biol. Med., 131, No. 2, 201-204 (2001).

10. V. A. Shkurupii, T. G. Chernova, and Yu. N. Kurunov, /bid.,
121, No. 5, 559-561 (1996).

11.J. M. Orrell, S. J. Brett, J. Ivanyu, et al., J. Pathol., 166, No.
1, 77-82 (1992).




