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Abstract

The immune system is one of the main toxicity targets of the T-2 toxin. In view of scant research
data demonstrating the effect of T-2 on cellular and humoral responses in gut-associated lymphoid
tissue (GALT), this study set out to investigate the effects of chronic exposure to low doses of the T-2
toxin (200 μg T-2 toxin kg-1 feed) on percentages of CD4+ and CD8+ T lymphocytes, CD4+/CD8+

double-positive T lymphocytes, CD21+ B cells, and IL-2, IFN-γ, IL-4 and IL-10 mRNA expression
levels in porcine ileal Peyer’s patches. The investigated material comprised ileum sections sampled
from piglets (aged 8-10 weeks, body weight of 15-18 kg) on days 14, 28 and 42 of the experiment.

After 42 days of exposure to T-2, a significant drop in the quantity of the IL-10 product was
observed (R=0.94; S.E. 0.49-0.79; p<0.001). A gradual decrease in the amount of IL-4 and IFN-γ
cytokine transcripts was found throughout the experiment, but the reported trend was not significant.
On experimental days 14 and 42, a significant increase in the percentage of CD8+ T lymphocytes was
observed in comparison with the control (p=0.04 and p=0.05, respectively), whereas on day 28,
a significant decrease in the percentage of the above subpopulation was noted (p=0.00). The percen-
tage of CD21+ B cells in the experimental group decreased steadily in comparison with the control,
and the observed drop was significant on days 28 and 42 (p=0.06 and p=0.00, respectively). On days
14 and 28, the percentages of CD4+ and CD8+ T lymphocytes were lower in the experimental animals
than in the control group, and the drop reported on day 28 was statistically significant (p=0.03).
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Introduction

Immune function modulation by natural factors
can influence the progression of various diseases, in-
cluding the acquired immune deficiency syndrome, in-
fections, allergies, autoimmune diseases and neo-
plasia.

Mycotoxins are secondary metabolites produced
by fungi, which contaminate crop plants and cause
significant economic losses each year. The consump-
tion of food and feed containing mycotoxins possess
a potential threat for human and animal health (Os-
wald and Coméra 1998). T-2 toxin is a widespread
type-A trichothecene mycotoxin produced mostly by
Fusarium sporotrichioides, which is found in cereal
grains throughout Europe (CAST 2003, Obremski et
al. 2008). Long-term exposure to type-A
trichothecenes leads to loss of appetite, a decrease in
body weight, changes in the oral cavity and the
esophagus. Similarly as other trichothecenes, T-2 is an
inhibitor of protein synthesis (Meissonnier et al.
2008). Due to its hematotoxic effects, it impairs the
immune response. The exposure to the T-2 toxin
causes leukopenia and cell depletion in lymphoid or-
gans, it inhibits erythropoiesis in the bone marrow and
spleen (Nagata et al. 2001, Grizzle et al. 2004, Par-
ent-Massin 2004). T-2 intoxication can significantly
impair antibody production (Niyo et al. 1988,
Kamalavenkatesh et al. 2005, Li et al. 2006a,b), it re-
duces the proliferative response of lymphocytes
(Rafai et al. 1995, Kamalavenkatesh et al. 2005) and
hinders the development of dendritic cells (Hymery et
al. 2006, Hymery et al. 2009).

Peyer’s patches and mesenteric lymph nodes are
lymphoid tissues which participate in the intestinal ab-
sorption of xenobiotics. They are the main sites for
the induction of the immune response which leads to
non-specific resistance of mucous membranes (Bran-
dtzaeg and Pabst 2004, Burkey et al. 2009). Lym-
phocytes play two key roles in the gastrointestinal sys-
tem. Firstly, they produce IgA which penetrate into
the intestinal lumen and play the main role in antimic-
robial protection. Secondly, they regulate the immune
response to antigens entering the gastrointestinal
tract to prevent excessive activation of the immune
system (Wittig and Zeitz 2003). Every few hours, vast
quantities of antigens enter the digestive system with
ingested food, therefore, the regulation of the im-
mune response (mostly suppression) has to involve
a highly precise mechanism. There is a general sca-
rcity of data concerning the effects of T-2 on percen-
tages of lymphoid tissue cells and mRNA expression
levels of proinflammatory and anti-inflammatory
cytokines.

As noted by the authors in their previous work,

lymphocyte populations differ in their sensitivity to
the T-2 toxin. CD4/CD8 double-positive T cells from
the thymus of young mice are highly sensitive to this
toxin (Holladay et al. 1993, Islam et al. 1998, Smith et
al. 1994). CD44low and CD45low cells which are B lym-
phocyte precursors are also highly sensitive to T-2
(Holladay et al. 1995).

In view of the fact that the immune system is one
of main toxicity targets of toxin T-2 and to compen-
sate for the scarcity of research investigating the effect
of T-2 on cellular and humoral responses in gut-asso-
ciated lymphoid tissue (GALT), this experiment set
out to analyze the effects of chronic exposure to low
doses of the T-2 toxin on changes in the percentages
of CD4+ and CD8+ T lymphocytes, CD4+/CD8+

double-positive T lymphocytes, CD21+ B cells, and
IL-2, IFN-γ, IL-4 and IL-10 mRNA expression in por-
cine ileal Peyer’s patches.

Materials and Methods

Animals and the experimental procedure

The study was performed on 30 Polish Large
White female pigs (aged 2 months, body weight 15-18
kg) obtained from a commercial fattening farm in
Baldy, Poland. The animals were housed and handled
in accordance with the procedures laid down by the
local Ethics Commission No. 55/2008 (affiliated with
the National Ethics Commission for Animal Experi-
mentation of the Polish Ministry of Science and High-
er Education). The pigs were assigned to two groups.
Group A (n=15) which consisted of healthy animals
served as the control. Group B (n=15) comprised
healthy pigs which were fed the T-2 toxin
(SIGMA-ALDRICH, Cat No. T4887) at 0.2 mg kg-1

feed day-1.
The investigated material comprised sections of

the ileum sampled from pigs on days 14, 28 and 42 of
the experiment. Five randomly selected pigs from
each group were euthanized on each of the above ex-
perimental days. The excised segment of the ileum
was opened, and the Peyer’s patch was identified. The
mucosa was scraped and minced. It was placed in 1.5
ml of ice-cold phosphate buffered saline (PBS, pH
7.4, 0.1 M). The minced tissues were shaken for 1 min
in PBS, the sediment was allowed to settle for 2 min,
and the suspensions were removed. The “extraction”
was repeated with 1.5 ml of ice-cold PBS. The pooled
suspensions were filtered through polyester wool in
2 ml disposable syringes. The number of lymphocytes
was established in a hemocytometer.

For the gene expression analysis, representative
fragments of Peyer’s patches were excised and im-
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Table 1. Specification of Real-Time PCR primers used in the study.

Target tissue Peyer’s patch

conc. (pmol) EPrimer name Sequence (5’→3’) Reference

IL-2 F: atctctccaggatgctcacatttaa 5.0 0.93 Duvigneau et al. 2005
R: tccagagctttgagttcttctactaa 2.5

IL-4 F: gtctgcttactggcatgtacca 5.0 0.90 Duvigneau et al. 2005
R: gctccatgcacgagttctttct 2.5

IL-10 F: cggcgctgtcatcaatttctg 2.5 0.94 Duvigneau et al. 2005
R: cccctctcttggagcttgcta 5.0

IFNγ F: cgatcctaaaggactattttaatgcaa 5.0 0.98 Duvigneau et al. 2005
R: ttttgtcactctcctctttccaat 2.5

CycA F: gcgtctccttcgagctgtt 5.0 0.95 Hyland et al. 2006
R: ccattatggcgtgtgaagtc 5.0

β-actin F: acatcaaggagaagctctgctacg 5.0 0.94 Waclawik et al. 2006
R: aggggcgatgatcttgatcttca 5.0

mediately immersed in the RNALaterTM solution
(Sigma, Germany) according to the manufacturers
recommendations, and stored at -20oC.

Lymphocyte subpopulation study

The percentages of the lymphocyte subpopula-
tions obtained from Peyer’s patches were determined
with the use of mouse monoclonal antibodies against
porcine CD4, CD8, CD21 (CD4 VMRD, 74-12-4,
IgG2b; CD8 VMRD, 76-2-11, IgG2a; CD21 VMRD,
BB6-11C9, IgG1) and secondary (Biotinylated rat
anti-mouse IgG2b, DB Pharmingen 550333, strep-
tavidin-PE, DB Pharmingen 554061, FITC rat
anti-mouse IgG2a, DB Pharmingen 553390) antibo-
dies. Payer’s patch leukocytes for cytometry were ob-
tained in accordance with the procedure described by
Kaleczyc et al. (2010).

The samples were analyzed in a flow cytometer
(FACScalibur; Becton Dickinson, San Jose, Califor-
nia), and the results were analyzed in the Cell
QuestTM program (Becton Dickinson). Lymphocytes
were gated based on forward/side scatter cytograms,
and lymphocyte subpopulations were identified based
on the fluorescence intensity of dot-plot quadrant
statistics.

Total RNA isolation and cDNA synthesis

Total RNA was extracted from RNALaterTM

preserved tissues (approx. 20 mg per sample; n=5 in
each experimental group) using the Total RNA Mini
isolation kit (A&A Biotechnology, Poland) according
to the manufacturer’s protocol. To prevent genomic
DNA contamination, RNA samples were incubated

with RNase-free DNase I (Roche Diagnostics, Ger-
many). The quality and quantity of total RNA from all
samples were estimated using the BioPhotometer
(Eppendorf; Germany), and based on the results,
cDNA was synthesized with the use of the Rever-
tAidTM First Strand cDNA Synthesis Kit (Fermentas,
Canada). The cDNA synthesis reaction mixture for
each sample contained 1 μg of total RNA and 0.5 μg
of oligo(dT)18 primers, and the reaction was per-
formed according to the procedure recommended by
the manufacturer. The first strand of synthesized
cDNA was suspended in sterile H2O and stored at
-20oC for further analysis.

Real-Time qPCR

Real-Time PCR primers for target and reference
mRNAs were established based on the literature, and
they were specific for the Sus scrofa species (Table 1).
The assay was performed in the ABI 7500 Real-Time
PCR System thermocycler (Applied Biosystems,
USA) in singleplex mode, and all the samples were
analyzed in duplicates. Each PCR reaction tube con-
tained 10 μL of the FastStart SYBR Green Master
ROX mix (Roche Diagnostics), 2.5 to 5 pmol of each
primer (forward and reverse, Table 1), 1 μL of pre-
viously synthesized cDNA as a template, and
PCR-grade H2O to a final volume of 20 μL. The reac-
tion was performed under standard thermal condi-
tions: 95oC for 10 min, followed by 45 cycles at 95oC
for 15 s, and 60oC for 1 min. On the plate, negative
water controls (NTCs) were included to rule out the
possibility of cross-contamination. To verify the qual-
ity of PCR products, a melting curve analysis followed
by agarose gel electrophoresis were performed after
each run. Additionally, representative subsamples
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Table 2. Percentages of CD4+, CD8+, CD4+CD8+ and CD21+ cells in ileal Peyer’s patches in control pigs (A) and in pigs
administered T-2 toxin (B). Mean values (n=5) and standard deviations are presented.

Group

Control (A) Experimental (B)Cell surface receptor p value

CD4+ 7.36 ± 1.76 7.70 ± 3.21 0.85

Day 14 CD8+ 5.10 ± 0.59 12.58 ± 6.26* 0.04
CD4+CD8+ 19.05 ± 13.50 6.35 ± 4.61 0.06

CD21+ 32.87 ± 11.70 21.23 ± 6.48 0.06

CD4+ 8.89 ± 2.28 5.85 ± 0.64 0.07
Day 28 CD8+ 6.09 ± 0.78 3.68 ± 0.85* 0,00

CD4+CD8+ 8.58 ± 3.21 5.29 ± 0.83* 0.03
CD21+ 40.50 ± 9.13 21.88 ± 10.69* 0.01

CD4+ 6.92 ± 2.08 6.31 ± 1.28 0.55

Day 42 CD8+ 6.49 ± 1.39 8.57 ± 1.79* 0.05
CD4+CD8+ 8.72 ± 1.66 9.39 ± 3.34 0.07

CD21+ 52.56 ± 4.99 20.53 ± 17.13* 0.00

* – differences were significant at p ≤ 0.05

of the PCR products of each primer pair were se-
quenced under contract (Genomed, Poland) and ana-
lyzed for homology with reference sequences available
in the GenBank (NCBI-NIH).

Data analysis and statistics

The percentages of lymphocyte subpopulations in
ileal Peyer’s patches were analyzed statistically by
one-way ANOVA and by calculating standard devi-
ation, the mean value and the significance of differen-
ces at p ≤ 0.05. The statistical analysis was performed
with the use of STATISTICA 9 software (StatSoft,
USA) and Tukey’s post-hoc test.

The expression ratio (R) of each target mRNA
relative to endogenous controls (CycA, β-actin) was
computed using REST 2009 software (Pfaffl et al.
2002). The calculations were based on the efficiency
of Real-Time PCR targeting a single gene (E), and
the quantitative cell-cycle difference (ΔCq) between
a sample and the control (ΔCqcontrol-sample) according to
the mathematical model of: Ratio (R) = [(Etarget)
ΔCq target] · [geoMEAN(Ereferences)ΔCqreferences]-1 implemen-
ted in the software (REST 2009). To estimate reac-
tion efficiencies, a dilution series of the cDNA tem-
plate (10-fold dilution factor; n = 3) was spiked into
separate tubes and run for every primer pair. Cq vs.
cDNA was plotted to calculate the respective slope
values. The corresponding efficiencies for each primer
pair (Table 1) were calculated according to the equa-
tion: E = 10[-1/slope] (Pfaffl 2001), and used for calcula-
tions in REST 2009. The significance of differences in

individual mRNA expressions between the control
and the treated samples was assessed in group means
by randomization tests in REST 2009 software (Pfaffl
et al. 2002). A total of 5000 randomizations were per-
formed throughout the experiment.

Statistical differences in target mRNA levels at
various points of the experiment were tested using
one-way ANOVA, followed by Tukey’s post-hoc
HSD, and they were regarded as significant at
p < 0.05. Before analysis, the R values were log-trans-
formed and tested for normal distribution
(Shapiro-Wilk W test) and homogeneity of variance
(Levene’s test) to fulfill parametric test requirements.
The results were processed using STATISTICA 9 sof-
tware (StatSoft, USA).

Results

The effects of the T-2 toxin on the percentages
of lymphocyte subpopulations in porcine

Payer’s patches

The results of the study indicate that the T-2 toxin
can modify the percentages of T and B lymphocyte
subpopulations in Peyer’s patches. The effects of
chronic exposure to low T-2 doses on percentages of
lymphocyte subpopulations isolated from porcine ileal
Peyer’s patches were determined by im-
munophenotyping and cytometric analysis. The per-
centages of CD4+ T helper cells, CD8+ cytotoxic
T cells, CD4+/CD8+ double-positive T cells, and
CD21+ B cells in ileal Peyer’s patches of pigs orally
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Fig. 1. Kinetics of Th1-like (IL-2, IFN-γ) and Th2-like (IL-4, IL-10) mRNA expression of A) IL-2, B) IL-4, C) IL-10, and D)
IFN-γ genes in ileal Peyer’s patches of pigs after 14, 28, or 42 days of exposure to T-2 toxin. Bars represent mean values of
expression ratios (R) with their respective standard errors of the mean (S.E.; n = 5), normalized by β-actin and CycA mRNA as
reference genes, and relative to control group (R=1.00; dashed line). Asterisks indicate significant differences in mRNA levels
between control and T-2-treated groups at respective points in time (*, p < 0.05; REST2009). Different letters denote significant
differences across time-points within the treated group of pigs (ANOVA followed by Tukey’s HSD, p < 0.05).

administered synthetic T-2 toxin at 200 μg kg-1 feed
for 14, 28 and 42 days are given in Table 2. Significant
differences were observed in the percentages of the
examined subpopulations between the experimental
group (B) and the control group (A) on different days
of the experiment. On days 14 and 42, a significant
increase in the percentage of CD8+ T lymphocytes
was observed in comparison with the control (p=0.04
and p=0.05, respectively), whereas on day 28, a sig-
nificant decrease in the percentages of the above sub-
population was noted (p=0.00). The percentage of
CD21+ B cells in the experimental group decreased
steadily in comparison with the control, and the noted
drop was significant on days 28 and 42 (p=0.06 and
p=0.00, respectively). On days 14 and 28, the percen-
tages of CD4+/CD8+ T double-positive lymphocytes
were lower than those found in the control, and the

decrease reported on day 28 was statistically signifi-
cant (p=0.03).

The effects of the T-2 toxin on mRNA expression
of IL-2, IL-4, IL-10 and IFN-γ cytokines

in porcine Payer’s patches

Real-time PCR efficiencies for each analyzed
primer set were high (>0.95), and reaction specificity
was confirmed with melting curve analysis and
agarose gel electrophoresis. Real-Time PCR was nor-
malized by β-actin and CycA mRNA as reference
genes relative to the control group. Figure 1 shows the
mRNA expression ratios (R) of IL-2, IL-4, IL-10 and
IFN-γ cytokines in ileal Peyer’s patches of pigs admin-
istered synthetic T-2 toxin (20 μg kg-1 BW) for 14, 28
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and 42 days. In most cases, the exposure to T-2 did
not significantly affect the mRNA expression of the
studied genes during the experiment. After 42 days of
exposure to T-2, a significant drop in the quantity of
the IL-10 product was observed (R=0.94; S.E.
0.49-0.79; p<0.001). A gradual decrease in the amount
of IL-4 and IFN-γ cytokine transcripts was observed
throughout the experiment, but the reported trend
was not significant.

Discussion

This article analyzes the percentages of selected
lymphocyte subpopulations in Peyer’s patches and the
mRNA expression profiles of IL-2, IFN-γ, IL-4 and
IL-10 in pigs orally administered synthetic T-2 toxin.

The consumption of mycotoxins in amounts that
do not produce clinical symptoms of mycotoxicosis
can impair immune functions and resistance to infec-
tions. Trichothecenes, including T-2 toxin, modulate
immune functions by disrupting intracellular signal
transduction pathways in lymphocytes through their
effect on the expression of immunoregulatory genes
and through apoptosis (Pestka et al. 2004). T-2 is the
most toxic trichothecene which inhibits protein syn-
thesis following decreased DNA and RNA synthesis
(Gutleb et al. 2002). T-2 affects cell division mechan-
isms in the gastric mucosa, skin, lymphoid and eryth-
roid cells, and it can also decrease antibody, im-
munoglobulin and cytokine levels ( Niyo et al. 1988,
Minervini et al. 2005). T-2 is believed to be the main
cause of alimentary toxic aleukia (ATA) in humans
(Canady et al. 2001). T-2 and other trichothecenes are
rapidly absorbed in the intestines, they are metab-
olized and nearly entirely excreted (80-90%) within 48
hours (Prelusky et al. 1986), although their toxic ef-
fects may be exacerbated by hepatic and intestinal
blood flow (Sudakin 2003).

Previous studies have demonstrated that orally ad-
ministered T-2 toxin first attacks Peyer’s patches, fol-
lowed by mesenteric lymph nodes and, lastly, the
thymus. Due to the intestinal absorption, the symp-
toms of intoxication after oral administration of T-2
develop over time (Nagata et al. 2001). Peyer’s
patches, which occur principally in the ileum, play an
important role in the induction and propagation of
immune responses in the intestinal mucosa. Accord-
ing to Reynolds, Peyer’s patches in pigs may also play
the role of primary lymphoid organs for B cells
(Reynolds 1987).

The immunomodulatory effects of natural and en-
vironmental toxins, including T-2, have potential im-
plications for human and animal health, and they gen-
erate incorrect inflammatory and autoimmune re-

sponses. The mucosal defense mechanism induces an
immune response in Peyer’s patches and stimulates
B lymphocytes to produce secretory IgA in the intesti-
nal lamina propria (Brandtzaeg et al. 1999, Levast et
al. 2010). Immunity is thus determined by antigen de-
tection efficiency, and Peyer’s patches are responsible
for producing the immune response.

In the discussed experiment, pigs were not subjec-
ted to additional antigen stimulation, and a natural
level of stimulation provided by ingested feed and
commensal intestinal bacteria was maintained. The
aim of the study was to evaluate the effect of a 200 μg
dose of synthetic T-2 toxin kg-1 feed (approximately 20
μg T-2 kg-1 BW) administered orally to gilts over
a period of 42 days. The applied dose was smaller
than that used by Rafai et al. (1995) in whose experi-
ment, piglets were administered feed containing a 29
μg dose of T-2 kg-1 BW for 21 days. The percentages
of lymphocyte subpopulations and interleukin mRNA
expression levels were analyzed in samples of ileal Pe-
yer’s patches containing unfractionated cells.
Cytokine production was evaluated by comparing the
mRNA expression levels of different interleukins
across the entire lymphocyte population of Peyer’s
patches. Cytokine mRNA levels were analyzed by
Real-Time qPCR which supports detailed observa-
tions of changes in expression levels, a measure of the
cells’ ability to respond to a given stimulus.

Lymphoid structures contain populations of vari-
ous cells, including cells of the innate immunity sys-
tem (dendritic cells (DC), monocytes, natural killer
cells (NK) (Gerner et al. 2009), NK-T cells, Tγδ lym-
phocytes) and the acquired immunity system, such as
B lymphocytes, cytotoxic T lymphocytes (CTL),
T helper cells (Th) and regulatory T cells (Tregs)
(Sakaguchi et al. 2010). Those subpopulations have
specific immune functions, and they produce various
immunomodulatory molecules (Saalmuller et al.
1999). Some of them are expressed on the cell mem-
brane, while others are secreted as cytokines. Accord-
ing to their function, cytokines are classified as proin-
flammatory (e.g. IL-1, IL-6 and TNF-α) (Wee et al.
2011), T helper (e.g. IFNγ, IL-2, IL-4, IL-17) (Serre et
al. 2010) and immunosuppressive cytokines (e.g.
IL-10, IL-35 and TGF-β) (Shalev et al. 2011). This
experiment analyzed changes in the percentages of
CD4+ T helper cells, CD8+ cytotoxic T cells,
CD4+/CD8+ double-positive T cells and CD21+

B cells. The above cell types are vital for immune re-
sponse generation and immunoregulation. The key role
is played by CD4+ cells which participate in the initi-
ation and maintenance of the immune response. CD8+

effector T cells eliminate infected cells and exert
a cytotoxic effect. The ratio of CD4 to CD8 lym-
phocytes determines the profile of the induced immune
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response. CD4 antigens, which are found mostly on Th
cells, are capable of recognizing and binding specific
antigens with MHC class II-expressing cells, and they
are activated in response to extracellular antigens. CD8
antigens, which are present mainly on suppressor and
cytotoxic lymphocytes (Ts/Tc), recognize the antigens
of MHC class I particles and inhibit the immune re-
sponse under exposure to intracellular antigens.

The observed decrease in the percentages of
B lymphocyte populations (CD21+) in Peyer’s patches
is similar to that observed by Nagata et al. (2001). The
cited authors reported a drop in CD19+ B cell popula-
tions in Peyer’s patches of mice orally administered
T-2. Extrathymic CD4+/CD8+ DP T cells are a subset
of memory T cells (Saalmüller et al. 2002). The results
of our experiment support previous observations that
CD4+/CD8+ DP T cells are sensitive to the T-2 toxin
(Islam et al. 1998, Nagata et al. 2001).

The polarization of the immune response is a criti-
cal process because Th cells contribute to the cellular
and humoral immunity. Th cells facilitate the activa-
tion, proliferation and differentiation of B cells and
precursors of cytotoxic T lymphocytes, both directly
and through various cytokines, and they stimulate
macrophages. The profile of released cytokines is
a characteristic feature of a given subset of CD4+

T cells. Due to the antagonistic effects of Th1 and
Th2, disruptions in the functional or quantitative bal-
ance between different cytokine profiles can contrib-
ute to disease. The mRNA expression levels of IL-2,
IFN-γ, IL-4 and IL-10 are used to measure the activity
of Th1 and Th2 cells. Cytokines such as IL-4 protect
B lymphocytes in germinal centers against apoptosis
(Andersen et al. 1999), they stimulate antibody pro-
duction and control infections caused by extracellular
pathogens. In this experiment, a significant drop in
the percentage of the CD21+ subpopulation was cor-
related with a decrease in IL-4 mRNA expression
(Andersen et al. 1999), which is indicative of the toxic
effects of T-2. Th1 cells produce IL-2 and IFN-γ which
activate cytotoxic lymphocytes (CTL) and macro-
phages, i.e. cells that actively control infections caused
by intracellular pathogens. IFN-γ and IL-4 not only
activate cellular molecules and humoral immunity,
but they are also key to the negative suppression of
Th2 and Th1, respectively. Unlike CD4+ T cells which
produce cytokines that regulate and coordinate the
activity of cells participating in the immune response,
CD8+ T lymphocytes have a cytotoxic function. On
experimental day 14, a significant increase in the per-
centage of CD8+ T cells (Table 2) was correlated with
an increase in IFN-γ mRNA accumulation (Fig. 1).
The above probably resulted from a shift in Th cell
polarization towards Th1 cells and stimulation of the
Tc lymphocyte subpopulation. IFN-γ controls Ig iso-
type switching in B lymphocytes and inhibits the pro-

liferation of Th2 cells by shifting the immune re-
sponse towards Th1 cells (Farrar and Schreiber 1993,
Billau 2009), therefore a decrease in IFN-γ mRNA
expression points to disruptions in immunoglobulin
class switching. IL-10 inhibits the production of sev-
eral proinflammatory cytokines (Saraiva and O’Garra
2010), and the observed drop in IL-10 mRNA ex-
pression (Fig. 1) may lead to uncontrolled production
of IL-1 and TNF and, consequently, inflammation of
the intestinal mucosa.

The cytokine profile and/or the cytokine mRNA
expression profile during mycotoxicosis provide valu-
able information about immunostimulation and im-
munosuppression mechanisms in animals. Cytokines
regulate intestinal immune responses, in particular
during interactions with food antigens. They play an
important role in intestinal tissue damage observed in
inflammatory bowel disease (IBD). Our results indi-
cate that chronic exposure of pigs to subclinical doses
of orally administered T-2 toxin leads to changes in
immune cell polarization, a key factor in immune re-
sponse regulation. Our findings also suggest that pro-
longed low-dose exposure to the T-2 toxin can influ-
ence memory T cells and exert an adverse effect on
the humoral response mediated by B lymphocytes and
the secondary immune response in pigs.
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Gerner W, Käser T, Saalmüller A (2009) Porcine T lym-
phocytes and NK cells – an update. Dev Comp Immunol
33: 310-320.

Grizzle JM, Kersten DB, McCracken MD, Houston AE,
Saxton AM (2004) Determination of the acute 50%
lethal dose T-2 toxin in adult bobwhite quail: additional
studies on the effect of T-2 mycotoxin on blood chemistry
and the morphology of internal organs. Avian Dis
48: 392-399.

Gutleb AC, Morrison E, Murk AJ (2002) Cytotoxicity assays
for mycotoxins produced by Fusarium strains: a review.
Environ Toxicol Pharmacol 11: 309-320.

Holladay SD, Blaylock BL, Comment CE, Heindel JJ, Luster
MI (1993) Fetal thymic atrophy after exposure to T-2
toxin: selectivity for lymphoid progenitor cells. Toxicol
Appl Pharmacol 121: 8-14.

Holladay SD, Smith BJ, Luster MI (1995) B lymphocyte
precursor cells represent sensitive targets of T2 my-
cotoxin exposure. Toxicol Appl Pharmacol 131: 309-315.

Hyland KA, Brown DR, Murtaugh MP (2006) Salmonella
enterica serovar choleraesuis infection of the porcine
jejunal Peyer’s patch rapidly induces IL-1β and IL-8 ex-
pression. Vet Immunol Immunopathol 109: 1-11.
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