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ABSTRACT 

The proper balance between IL-12-related cytokines controls the appearance of normal and 
pathological Th1-mediated immune response. In this study we examined the inducible IL-12p40, IL-
12p35 and IL-23p19 mRNA expression in PBMC from healthy donors in response to different stimuli 
at 3, 6 and 9 hours. All stimuli tested up-regulated mRNA expression for IL-12p40, followed by IL-
23p19 at 6th hour. The dynamics in transcription of each gene followed specific profile depending on 
the stimulus. The earlier and longer expression of all three genes was detected after LPS stimulation. 
We conclude that the differences of mRNA expression of IL-12-related cytokine transcripts are 
responsible at least for different quantity of IL-12p70, IL-12p80 and IL-23, which determine the 
special feature of developed immune response.  
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INTRODUCTION 

Activation and differentiation of the immune 
cells upon antigen stimulation are regulated 
through changes in gene expression, including 
genes of regulatory cytokines1 Depending on 
dynamics of expression of regulatory 
cytokines IL-12 and IL-10 from stimulated 
antigen-presenting cells (macrophages and 
dendritic cells) the immune response has 
driven towards humoral or cellular pattern. 

It is well known that IL-12p70 is the 
cytokine responsible for the differentiation of 
Th cell to IFN-gamma producing Th1 cells 
and development of Th1 mediated immune 
response (1, 2, 3). Moreover some authors 
reported that latest discovered IL-12 related 
cytokines - IL-23 and IL-27 are involved in 
pathological Th1-mediated immune response 
in some diseases (4, 5). IL-23 can enhance the 
proliferation of memory T cells and 
production of IFN-gamma from activated T 
cells. 
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The cytokine IL-12 and IL-23 are 

heterodimers, which share the same subunit –
IL-12p40, expressed from IL-12B gene (IL-
12B). Other subunits for IL-12p70 and IL-23 
are p35 and p19 subunits, produced 
respectively from IL-12A and IL-23 genes (4). 
Moreover IL-12р40 subunit forms two 
heterodimers: IL-12р70 (р40/р35) and IL-23 
(р40/р19), as well as monomer IL-12p40 and 
homodimer IL-12р80. 

The expression of IL-12A, IL-12B and 
IL-23 genes is regulated by different agents 
and involves specific intracellular signalling 
pathways. While the p35 gene is expressed in 
most cells, p40 expression is restricted to a 
few cell types, such as dendritic cells, 
monocytes, and macrophages (6). The 
cytokine IL-12p70, IL-12p40 and IL-23 
production from macrophages and dendritic 
cells affect the type of both normal and 
pathological immune response (7, 8). That is 
why we decided to investigate the dynamics 
of IL-12A, IL-12B and IL-23 gene expression 
in PBMC after stimulation with bacterial and 
plants immunomodulators by quantitative RT-
PCR.  
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MATERIALS AND METHODS 

Blood donors and PBMC isolation 

4 healthy volunteers were recruited for this 
study. The informed consent was obtained 
from each participant. The peripheral venous 
blood (10 ml) was collected in sterile tubes 
with ethylenediamine tetraacetic acid 
(EDTA). Peripheral blood mononuclear cells 
(PBMC) were isolated by Histopaque-1077 
density gradient centrifugation. The interface 
containing PBMC was harvested and washed 
twice with cold RPMI-1640 medium.  After 
washing the cell pellet was re-suspended in 
the same medium. PBMC viability was tested 
with trypan blue exclusion; cells were counted 
and adjusted to 5x106 PBMC/ml in RPMI-
1640. 
 
Cell cultures and stimulation 

2 x 106 PBMC were cultured in sterile 
polystyrene tubes containing 2 ml RPMI 
1640. The cultures were supplemented with: 
10% FBS, 100 U/ml penicillin, 100 µg/ml 
gentamicin and 0.3 mg/ml L-glutamine. The 
cells were stimulated with: 30 µg/ml C3bgp, 1 
µg/ml LPS and 20 µg/ml PHA. Cultures were 
incubated at 37°C for 3, 6 or 9 h. 
 
RNA isolation 

After incubation, cells were washed with PBS 
and re-suspended in Lysis Solution RL 
supplied with a column-based innuPREP 
blood RNA isolation kit AJ Roboscreen 
(Leipzig; Germany). The following steps for 
total RNA isolation were performed according 
to manufacturer’s instructions. The total RNA 
was quantified by spectrophotometric 
analysis. To remove traces of genomic DNA, 
total RNA (1 µg) was treated with RNase-free 
DNase I (Fermentas) following the 
manufacturer’s instruction. 
 
Reverse transcription 

Synthesis of cDNA was performed manually 
according to manufacturer’s instructions with 
High-Capacity cDNA Archive kit (Applied 
Biosystems, USA) that uses random primers 
and MutliScribe TM MuLV reverse 
transcriptase enzyme. Incubation conditions 
for reverse transcription was 10 min at 25°C 
followed by 2 hours at 37°C and was 
performed on a GeneAmp PCR System 9700 
(Applied Biosystems, USA). 
 
Quantitative real-time polymerase chain 
reaction (qRT-PCR) 

Quantitative real-time polymerase chain 
reaction (qRT-PCR) was performed on a 7500 
Real - Time PCR System (Applied 
Biosystems, Foster City, CA, USA). The 
following validated PCR primers and TaqMan 
MGB probes (6FAM-labeled) were used: IL-
12p40 (assay ID: Hs00233688_m1); IL-12p35 
(Hs00168405_m1) and IL-23p19 
(Hs00372324_m1). As endogenous control 
we used eukaryotic 18S ribosomal RNA 
(Hs99999903_m1). 

An aliquot of 5µl of the RT reaction 
was amplified in duplicate in final volume of 
25µl of TaqMan Universal PCR Master Mix 
and Gene Expression Assay mix, containing 
specific forward and reverse primers and 
labelled probes for target genes and 
endogenous control (Applied Biosystems, 
USA). The thermocycling conditions were: an 
initial 10 min incubation at 95°C followed by 
40 cycles of denaturation for 15s at 95°C and 
extension for 1 min at 60°C. PCR data were 
collected with Sequence Detection System 
software, version 1.3.1. 

Relative quantitative evaluation of 
cytokine mRNAs was performed by the 
comparative ∆∆Ct method. The mean ∆Ct 
obtained in non-stimulated PBMC for each 
cytokine mRNA was used as calibrator. The 
results are presented as an n-fold difference 
relative to calibrator (RQ=2-∆∆Ct). 
 
RESULTS 

Effects of 3, 6 and 9 hours stimulation on 
IL-12A, IL-12B and IL-23 mRNA 
expression in human PBMC 

The results from relative quantification of IL-
12p40, IL-12p35 and IL-23p19 transcripts in 
non-stimulated and 3rd, 6th and 9th hour 
stimulated normal PBMC are presented on 
Figure 1. 

The highest level of expression in 
stimulated PBMC was observed for IL-12A at 
3rd hour after LPS stimulation, followed by 
rapid decrease of mRNA at 6th h. The highest 
level of IL-12A expression after PHA 
stimulation was detected at 6th h. IL-12B 
expression was increased up to 9-fold in 
stimulated PBMC than non-stimulated at 6th h 
regardless of stimuli used. IL-23p19 mRNA 
expression was increased up to 3.4-fold after 
stimulation, also at 6th h and independently of 
stimuli used. Only LPS stimulation resulted in 
continuous expression of IL-12B and IL-23 at 
9 hours. 
Effects of C3bgp, LPS and PHA on IL-12A, 
IL-12B and IL-23 mRNA expression in 
human PBMC 
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The data for mRNA expression from the three 
studied genes at the same hour demonstrated 
preferentially expressed gene and dynamics of 
the formed dimers upon stimulation as shown 
on Figure 2. Our results demonstrated that at 
3rd h the expression of IL-12A and IL-12B 
were higher and equivalent unlike IL-23 
expression. All stimuli used provoke the same 

expression at 6th hour, and demonstrates that 
at this hour there are no stimuli dependent 
differences. Interestingly at 9th hour the 
expression only of IL-12B after LPS 
stimulation remained higher. The earlier and 
longer expression of all three genes was 
detected after LPS stimulation only. 

 

 
Figure 1. Changes of IL-12A, IL-12B и IL-23 gene expression depends on hours of stimulation. The results 
are shown for 1 from 4 donors and were expressed in relative quantification units (RQ fold difference in 
comparison to non-stimulated cells), after normalization to endogenous control 18S rRNA 
 
DISSCUSION 

Early in the antigen stimulation, phagocytic 
cells produced IL-12-related cytokines that 
provides an important function in mounting 

the protective or harmful Th1 adaptive 
immune response (4, 9). Human PBMC 
produced high level of IL-12 after stimulation 
with bacteria or bacterial product. The cells 
that produce the IL-12p70 heterodimer secrete 



STANILOVA S., et al. 

Trakia Journal of Sciences, Vol. 6, No. 1, 2008 10 

the monomer p40 at an excess of many folds 
above the heterodimer. Moreover, the 
individual differences in cytokine production 
due to the level of expression are well 
described. Obviously, the expression of IL-
12B, IL-12A and IL-23 genes as a result of 

intracellular signal pathway activation after 
stimulation is a precisely regulated process. 
One reason for different level of expression 
might be the promoter sequences of IL-12B, 
IL-12A and IL-23 genes and their binding to 
activated transcription factors (6, 10). 

 

 
Figure 2. Changes of IL-12A, IL-12B и IL-23 gene expression depends on stimuli used. The results are 
shown for 1 from 4 donors and were expressed in relative quantification units (RQ fold difference in 
comparison to non-stimulated cells), after normalization to endogenous control 18S rRNA 
 
The results from our study demonstrated that 
the dynamics of mRNA quantity, expressed 
by IL-12B, IL-12A and IL-23 genes in human 
PBMC are dependent on stimuli used. Plant 
immunomodulators (C3bgp and PHA) 
induced higher and equivalent expression of 

the three genes at 6th hour stimulation, until 
LPS induced two-fold higher expression of 
IL-12B and IL-12A compared to IL-23 at 3rd 
hour. Moreover, LPS induced expression of 
IL-12B retained at higher level for 6th and 9th 
hour stimulation. These results for synthesis 
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of IL-12A mRNA after LPS stimulation are in 
some disagreement with the results from other 
authors that LPS stimulation leads to synthesis 
mainly of p40 subunit, but not p35. For higher 
production of p35 and IL-12p70 heterodimer 
from antigen presenting cells is through a 
combination of bacterial stimulus and IFN-γ 
(5). A proper explanation could be the 
existing post-transcriptional regulation of 
protein synthesis and mRNA stability as well 
as the target cells used. Similar results for the 
differences of IL-12B, IL-12A and IL-23 
expression in patients with ulcerative colitis 
and Cron’disease are reported by Schmidt et 
al., (11). We suppose that after stimulation the 
transduction of signal and consequence 
forming of complex of activated transcription 
factors is responsible for the level of gene 
transcription. 

Our results demonstrated also that 
comparatively the expression of IL-12B is the 
highest, while the expression of IL-12A is 
lower in PBMC, independently of stimulus 
used. We assume that the observed differences 
in the expression of IL-12B, IL-12A and IL-23 
are responsible for dynamics of the production 
of IL-12p70, IL-12p80, and IL-23 cytokines 
after stimulation. Each of IL-12 related 
cytokines has specific immunological activity: 
while IL-12 and IL-23 as pro-inflammatory 
cytokines preferentially regulate the 
proliferation of Th1 cell clones and induced 
IFN- γ production, data for function of IL-
12р80 homodimer show that it has an 
opposite function mainly as inductor of 
humoral response (7, 8, 12). Thus the secreted 
IL-12 related cytokine affected the 
development and magnitude of normal or 
pathological Th1 immune response. 
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