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ABSTRACT 
 
Presence of microbial cells preparation (HCL—ex- 
tract of group A streptococcus) in primary cell cul- 
tures of bone marrow (BMCC) and spleen (SCC) of 
CBA mice induced the expression mRNA of pro-in- 
flammatory cytokines genes: IL-2, IL-6 and IL-8 in 
BMCC; in SCC cultures mRNA IL-1 β and IL-6 ap- 
peared and mRNA IL-4 disappeared. Injection of S. 
typhimurium antigen complex to mice CBA increased 
5 times colony forming efficiency (CFE) and, respec- 
tively, content of stromal precursor cells (CFU-F) in 
femur bone marrow and 9 times in spleen of these 
animals with maximum at the first day. In both pri- 
mary BMCC and SCC from immunized animals ex- 
pression of pro-inflammatory cytokines genes IL-1 β, 
IL-6, IL-8 and TNF-α was revealed—in BMCC on 1 - 
3 days after immunization, and in SCC—up to 15 
days. In CBA mice injected with polyvinylpyrrolidone 
(PVP) CFE and number of CFU-F in BMCC and 
SCC increased 1, 9 and 1, 8 times only and expression 
of genes IL-6, IL-8 and TNF-α was observed only on 
the first day. In СВА/N xid mice there was neither 
increase of CFU-F in the corresponding organs, nor 
expression of pro-inflammatory cytokines genes in 
primary cultures. The data suggest the possibility of 
positive participation of stromal cells in the develop- 
ment of immune response in organism. Degree of ac-
tivation of stromal tissue in immunized mice, appar-
ently, correlates with the degree of immune response, 
supposing a close relationship between stromal tissue 
and immune system. 
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1. INTRODUCTION 

Stromal cells perform very important functions in the 
organism—they are responsible for microenvironment of 

hemopoietic and lymphoid cells and participate in repa- 
ration of tissues. It is shown that stromal cells suppress 
immune response of lymphocytes to transplantation an- 
tigens and mitogens in vitro and in vivo [1]. It is also 
known that mesenchymal stem cells (MSC) express Toll- 
like receptors (TLR) 1, 2, 3, 4, 5, 6 and 9, respond to 
TLR ligands and may act as antigen-presenting cells [2]. 
It is shown in vitro that genes of cytokines and growth 
factors, including IL-6, IL-8, IL-11, IL-12, IL-14, IL-15, 
LIF, G-CSF, GM-CSF, M-CSF, FL, SCF are expressed 
in human MSC [3]. So the participation of these cells in 
the development of immune response in organism may 
be suggested. The aim of our study was the investigation 
of properties of stromal precursor cells in the presence of 
antigens in vitro and after immunization of animals. We 
have studied changes of CFE and profile of mRNA cyto-
kines in primary cultures of bone marrow and spleen in 
CBA and CBA/N mice immunized with S. typhimurium 
antigen complex or PVP. 

2. MATERIALS AND METHODS 

Mice CBA (from Kryukovo Central Nursery of Labora-
tory Animals) and СВА/N (received from Mechnikov 
Institute for Vaccines and Sera) 18 - 20 g weight were 
used. All animals were handled in accord with Animal 
Welfare Act. Complex of S. typhimurium antigens (Ga-
maleya Institute for Epidemiology and Microbiology) 
(400 µg per mouse) or PVP (Sigma) (3 µg per mouse) 
were injected once intraperitoneally in 0.4 ml of physio-
logical solution. It was shown earlier that these doses 
were optimal to ensure immune response to these anti-
gens. Cellular suspensions of bone marrow and spleen of 
intact and immunized mice were prepared as described 
earlier [4]. To determine CFE 1 - 3 × 106 bone marrow 
cells and 5 × 106 - 1 × 107 spleen cells of intact mice and 
mice on 1, 3, 6 and 15 days after immunization were 
explanted into 25 cm2 plastic flasks (Nunc). Medium 
α-МЕМ (Sigma) with 15% fetal calf serum (Paneco) and 
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antibiotics (penicillin and streptomycin in concentration 
100 µg/ml) was used. Cultivation was performed at 37˚C 
in a humidified mixture of 5% CO2 with air. On 10 - 12 
day these cultures consisted of discrete colonies of stro-
mal fibroblasts with small number of macrophages. On 
day 10 to 12, the cultures were washed with Hanks bal-
anced salt solution (Invitrogen), fixed with ethanol, and 
stained with azure-eozin. CFU-F colonies containing 50 
or more cells were counted, and CFE (number of colo-
nies per 1 × 105 nucleated marrow cells) was calculated. 

To determine expression of cytokine genes 5 × 106 - 1 
× 107 bone marrow cells and 1 - 2 × 107 spleen cells of 
intact and immunized mice were explanted into 25 cm2 
plastic flasks. On 8 - 10 days these cultures consisted of 
a layer of fibroblasts (formed as a result of CFU-F col-
ony confluence), macrophages and a small number of 
hemopoietic and lymphoid cells. HCL—extract of group 
A streptococcus (Gamaleya Institute for Epidemiology 
and Microbiology) was added to culture medium of in-
tact mice cells on 9 - 10 day of cultivation in concentra-
tion 25 µg/ml for 24 hours. Then culture medium was 
removed and expression of mRNA of 11 cytokines: in-
terferons (IFN-α and IFN-γ), interleukines (IL-1β, IL-2, 
IL-4, IL-6, IL-8, IL-10, IL-12, IL-18) and TNF-α was 
determined in culture cells by method of reverse tran-
scription and polymerase chain reaction. RNA isolation 
was performed by P. Chomczynsky, N. Sacchi with acid 
guanidine thiocyanate—phenol—chloroform extraction 
[5]. Reverse transcription and PCR amplification were 
carried out according to Gelder [6]. Pairs of primers for 
the following cytokines were used: IFN-α [6], IL-6, IL-8 
[7], IL-1β, IL-2, IL-4, IL-10, TNF-α, IFN-γ [8], IL-18, 
IL-12 [9]. β—actin was used as positive control [7]. 
Registration of PCR results was carried out electropho-
retically in 2.5% agarose gel stained by ethydium bro-
mide. Promega electrophoresis marker (G 1758) was 
used to identify nucleotide sequence. Presence (sign “+” 
in the table) or absence (sign “-” in the table) of mRNA 
activity was determined by results of not less than three 
independent experiments. 

3. RESULTS 

Presence of HCL—extract of group A streptococcus in 

bone marrow cell cultures of CBA mice induced expres-
sion of IL-6 and IL-8 genes. In spleen cell cultures 
mRNA IL-1β and IL-6 appeared; in cultures of bone 
marrow and spleen mRNA IL-4 disappeared (Table 1). 

Injection of S. typhimurium antigen complex to CBA 
mice induced significant (5, 5 times) increase of CFE and 
of the content of CFU-F in femur bone marrow of mice 
with maximum on 1 - 3 days after immunization (Table 
2). In bone marrow cultures from immunized animals in 
contrast to intact ones, the expression of pro-inflamma-
tory cytokines genes was observed—IL-1β and IL-8 (on 
the first day after immunization), IL-6 (on 1 - 3 days) 
and TNF-α (on 1 - 6 days). Expression of anti-inflam-
matory cytokine gene IL-4 was revealed only on day 6 
after immunization (Table 3). 

CFE and the content of CFU-F in spleen of immunized 
CBA mice increased 7 and 9 times respectively on the 
first day after immunization, decreasing to a normal level 
by 6 day after immunization (Table 2). In spleen cell 
cultures of these mice there was stimulation of synthesis 
of m-RNA of pro-inflammatory cytokines: IL-1β (1 - 15 
days), IL-6 (1 - 6 days), TNF-α, IL-18, IFN-α (6 - 15 
days). Synthesis of m-RNA IL-4 was suppressed on the 6 
day after immunization. Synthesis of m-RNA IL-10 was 
suppressed (on 1 - 6 days); m-RNA IL-6 disappeared on 
the 15 day after immunization of animals (Table 3). 

Injection of PVP to CBA mice increased CFE and, re-
spectively, the content of CFU-F in femur bone marrow 
and spleen of mice about 2 times on the first day after 
immunization (Table 2). In bone marrow cultures from 
immunized animals in contrast to intact ones, expression 
of anti-inflammatory cytokines genes IL-6, IL-8 and 
TNF-α was induced (on 1 day), as well as IL-1β (on 3 
day) and expression of gene IL-4 (on 1 - 3 days) and 
IL-10 (on 3 day) was suppressed. In cultures of spleen 
cells from immunized animals on the first day expression 
of genes IL1β and IL-6 was already revealed and expres-
sion of gene IL-4 was suppressed (Table 3). 

When injecting PVP to СВА/N mice CFE and number 
of CFU-F in bone marrow and spleen of immunized and 
intact mice were practically the same. Expression of 
pro-inflammatory cytokines genes in primary cultures 
was not observed (Table 3).

 
Table 1. Effect of HCL-extract of group A streptococcus on synthesis of cytokine mRNA in primary cultures of bone marrow and 
spleen of CBA mice in vitro (↑appearance of mRNA, ↓disappearance of mRNA). 
 

Preparation IFN-α IFN- γ IL-1β IL-2 IL-4 IL-6 IL-8 IL-10 IL-12 IL-18 TNF-α 

Bone marrow control + - - +/- + - - - - + + 

Bone marrow +НСl-extract of 
group A streptococcus 

+ - - +↑ -↓ +↑ +↑ - - + + 

Spleen control + - - + + - + - - + + 

Spleen +НСl-extract of 
group A streptococcus 

+ - +↑ + -↓ +↑ -↓ - - + + 
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Тable 2. CFE in cell cultures of bone marrow and spleen in mice immunized with S typhimurium antigens or PVP (M ± m). 

Mice strain Organ Antigen Days after immunization 
Number of nucleated cells in 

organ (×107) 
CFE (×105) 

Number of CFU-F 
in organ 

- Control (intact mice) 1.1 ± 0.2 1.4 ± 0.2 161 ± 22 

1 1.2 ± 0.2 7.5 ± 1.2 900 ± 128 

3 1.1 ± 0.2 6.5 ± 0.7 715 ± 73 
S 

typhimurium 
8 1.1 ± 0.1 3.0 ± 0.3 330 ± 65 

1 1.0 ± 0.2 3.0 ± 0.4 300 ± 60 

Bone 
marrow 

PVP 
3 1.0 ± 0.2 1.4 ± 0.1 140 ± 28 

- Control (intact mice) 14.5 ± 2.1 0.10 ± 0.02 140 ± 16 

1 16.6 ± 0.4 0.73 ± 0.1 1207 ± 137 

6 16.9 ± 1.2 0.07 ± 0.01 102 ± 6 
S 

typhimurium 
15 18.0 ± 2.0 0.06 ± 0.02 102 ± 18 

1 12.4 ± 0.3 0.21 ± 0.03 260 ± 63 

СВА 

Spleen 

PVP 
3 11.9 ± 1.0 0.17 ± 0.03 205 ± 35 

- Control (intact mice) 0.8 ± 0.2 5.5 ± 0.2 440 ± 110 

1 0.8 ± 0.2 7.1 ± 0.4 568 ± 132 
Bone 

marrow PVP 
3 1.0 ± 0.2 5.5 ± 0.1 550 ± 110 

- Control (intact mice) 8.8 ± 1.0 0.08 ± 0.02 69 ± 7 

1 8.0 ± 0.4 0.08 ± 0.01 65 ± 2 

СВА/ 
N 

Spleen 
PVP 

3 9.0 ± 1.2 0.08 ± 0.01 72 ± 8 

 
Table 3. Effect of immunization of mice CBA and СВА/N with S typhimurium antigens or PVP on synthesis of cytokines mRNA in 
primary cultures of bone marrow and spleen (↑appearance of mRNA, ↓disappearance of mRNA). 

Mice 
strain 

Organ Antigen 
Days after 

immunization 
IFN-α IFN-γ IL-1β IL-2 IL-4 IL-6 IL-8 IL-10 IL-12 IL-18 TNF-α

- Control (intact mice) + + - + - - - + + + - 

1 + -↓ +↑ + - +↑ +↑ + + + + ↑

3 + + - + - +↑ - + + - ↓ +↑ 
S 

typhimurium 
6 - ↓ + - + +↑ - - + + + +↑ 

1 + + - + +/- +↑ +↑ + + + -/+ ↑

Bone 
marrow 

PVP 
3 + + +/- ↑ + - - - -↓ + + - 

- Control (intact mice) - + - + + - + + + - - 

1 - + +↑ + + +↑ + -↓ -↓ - - 

6 +↑ + +↑ + -↓ +↑ + -↓ + +↑ +↑ 
S 

typhimurium 
15 +↑ + +↑ + + - + + + +↑ +↑ 

СВА 

Spleen 

PVP 1 +↑ + +↑ + - ↓ +↑ + + + - - 

- Control (intact mice) - + - + + - - + + + - 

1 - + - + + - - + + + - 
Bone 

marrow PVP 
3 - + - + + - - + + + - 

- Control (intact mice) - + + + + - - + + + - 

СВА/N 

Speen 
PVP 1 - + + + - ↓ - - + + + - 
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4. DISCUSSION 

In our previous work on passage human bone marrow 
stromal fibroblasts it was shown that presence of micro-
bial cells preparations in culture medium during 24 hours 
suppressed pro-inflammatory cytokines (IL-1β, IL-6, 
IL-8 and IL-2) genes expression, and stimulated expres-
sion of anti-inflammatory cytokine genes IL-4 in these 
cells [10]. These facts confirm the data about immuno-
suppressive effect of stromal cells on lymphoid cells. 
Cultures of human bone marrow cells consisted of stro-
mal fibroblasts only, cells of other categories were absent. 
[11]. On the contrary in primary cultures of bone marrow 
and spleen cells (where besides a layer of fibroblasts 
formed as result of CFU-F colony confluence, a small 
number of macrophages, hemopoietic and lymphoid cells 
were present) the addition of HCL—extract of group A 
streptococcus in these cultures induced expression of 
pro-inflammatory cytokines genes. The data exist (re-
ceived in short-term cultures in vitro), that activation of 
TLR 4 in human MSC leads mostly to synthesis of pro- 
inflammatory cytokines by these cells, while activation of 
TLR 3— anti-inflammatory ones [12]. It was also shown 
in vitro, that activation of TLR 3 and 4 in MSC abolished 
the suppression of T-cell immune response [13]. The 
results of our experiments could hardly be explained by 
the fact that contrary to human bone marrow passage 
fibroblasts, in cells of primary cultures of mouse bone 
marrow and spleen bacterial preparations activated dif-
ferent TLR, as we used the same preparations of micro-
bial cells. Besides, according to our data presence of 
TLR 4 ligand—LPS in cultures of human bone marrow 
MSC during 24 hours induced in these cells suppression 
of pro-inflammatory cytokines genes [10]. So it may be 
supposed that expression of these cytokine genes in pri-
mary cultures of bone marrow and spleen can be a con-
sequence of interactions of stromal and immunocompe-
tent cells present in the cultures. 

Thus, in this work we have not observed any signs of 
immune response suppression from the part of stromal 
cells, which are predominant cells category in primary 
cultures. The data received indicate the possibility of 
positive participation of stromal cells in the development 
of immune response in an organism. It should be men-
tioned that expression of a certain set of pro-inflamma- 
tory cytokines genes was tested in cultures of cells aged 
10 - 12 days. Spectrum of m-RNA changed significantly 
in dependence of the term after immunization of animals 
after 1, 3 and 6 days (Table 3). Thus, it seems like stro- 
mal cells are “programmed” for expression of genes of a 
certain spectrum of cytokines and removal or change of 
this “program” is not realized in cultures in vitro, but 
only in organism. This fact also argues for assumption 
that both number of stromal cells of respective organs 

and synthesis of cytokines in primary cultures are under 
control of immunocompetent cells (macrophages, lym-
phocytes) activated by antigens. 

Respectively slight increase of CFE and CFU-F num-
ber in bone marrow and especially in spleen of CBA 
mice immunized by PVP in comparison with results of 
immunization by S. Typhimurium antigens, apparently 
reflect a lower degree of stromal tissue activation at rela-
tively weak immune response to PVP. Really, it is 
known that the number of specific antibody forming cells 
in response to PVP in CBA mice increased 2 times only 
[14]. This assumption was confirmed in experiments 
with CBA/N mice not responding on PVP because of 
absence of CD5+B-1a cells as a result of xid mutation in 
gene of Bruton tyrosine kinase (Btk). These mice in-
jected by PVP showed neither increase in number of 
CFU-F in the corresponding organs, nor the expression 
of pro-inflammatory cytokines genes in primary cultures. 
The received data testify that the degree of activation of 
stromal tissue in immunized mice correlates with the 
degree of manifestation of immune response to respec-
tive antigens. 

There are data pointing out that stromal tissue in xid 
mice is not disturbed. Indeed, adoptive transfer of lym-
phocytes from normal mice of respective line quickly 
and fully restores their response to TH-2 antigens [15]. 
This fact testifies that in itself injection of antigens in 
organism in absence of lymphocytes able to respond on it, 
can not necessarily lead to activation of stromal tissue. 
Also taking in consideration that PVP is a synthetic 
non-bacterial antigen, the data we received indicate that 
activation of stromal tissue cells in the development of 
immune response can occur not only through TLR, but 
rather through interaction of immunocompetent and 
stromal cells, at that the immunocompetent cells, appar-
ently, play the leading role in this process. 
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