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The immunological role of the Pasteurella multocida toxin (PMT) in mice was examined using a PMT mutant
strain. After a masal inoculation, the mutant strain failed to induce interstitial pneumonia. Moreover, PMT
had no significant effect on the populations of CD4+, CD8+, CD3+, and CD19+ immunocytes in blood or
on the populations of CD4+ and CD8+ splenocytes (P<0.01). However, there was a significant increase in
the total number of cells in the BAL samples obtained from the wild-type P. multocida-inoculated mice.
On the other hand, the level of IL-1 expression decreased when the macrophages from the bronchio-alveolar
lavage were stimulated with PMT. Overall, PMT appears to play some role (stimulating andfor inhibiting)
in the immunological responses but further studies will be required to confirm this.
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The Pasteurella multocida toxin (PMT), which is encoded by
the toxA gene, is the major virulence factor associated with
porcine atrophic rhinitis (AR) (Hunt et al., 2000). PMT is
produced by some P multocida serotype A and D strains
(Pullinger et al., 2004), and is a very potent mitogen in various
cell types, including fibroblasts, osteoblastic cells, and dendritic
cells (Rozengurt et al., 1990; Mullan and Lax, 1996; Lax
and Grigoriadis, 2001; Lax et al., 2004; Bagley et al., 2005),
by modulating the progression of the host cell-cycle (Oswald
et al., 2005). PMT is one of the major factors contributing to
the pathogenesis of AR, and inhibits osteoblast differentiation
and bone formation (Mullan and Lax, 1996). However, the
roles of PMT in the immune processes are not completely
understood. A toxA-deleted mutant strain was produced in
a previous study examining the immunological roles of
PMT (Kim et al., 2006). With this mutant strain, a series of
immunological studies were performed, which included the
immunocyte population, cytokine expression levels, and the
induction of pneumonia.

In order to better understand the effects of PMT on the
proliferation of P mulfocida, the wild-type (W/T, National
Veterinary Research & Quarantine Service, Korea) and mutant
(Kim et al., 2006) strains were inoculated on a brain-heart
infusion (BHI, BBL™, Becton, Dickinson and Company,
USA) broth. Culture samples were taken at 3, 6, 9, 13, 21, and
27 h after inoculation. The number of cells on chocolate
agar was calculated, and a growth curve was generated.
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BALB/c mice (Charles River Laboratories, Japan) were
pre-treated twice with a 1% acetic acid solution 24 h and
6 h before the nasal inoculation. The mice (4 mice for each
group) were inoculated with 100 pl (1x10° cells/mouse,
which corresponds to LDS50) of freshly prepared W/T and
mutant bacterial cultures. The mice were sacrificed after 7
days inoculation. The lung tissues were formalin fixed and
H&E stained for the histology examination.

Each of 5 mice was pre-treated and inoculated with the
bacterial cultures, as described above. After 3 days inoculation,
the bronchio-alveolar lavage (BAL) samples were collected
by inserting a suitable cannula towards the lungs into the
exposed trachea. A 2 ml syringe was attached to the cannula
and the lungs were washed with 1 ml of phosphate-buffered
saline (PBS) containing 1.0% bovine serum albumin (BSA)
by flushing the solution in and out of the lungs several
times. The wash solutions were collected into a suitable
tube. The BAL samples were then washed twice with PBS.
The number of total lymphocytes from each group was
counted using a hemocytometer. The lymphocytes in the
blood were collected from each of 5 mice. The sub-population
of lymphocytes, including B, T, and NK cell using anti-CD3,
CD4, CD8, and CD19 cell markers (phycoerythrin and/or
FITC-conjugated monoclonal antibodies, BD PharMingen,
USA) was determined by flow cytometry (FACSCalibur™,
BD, USA). Separately, after 2 and 3 days inoculation, the
splenocytes were collected and the sub-population of CD4+
and CD8+ cells was calculated. A Student’s #-test was used
to determine the differences in the sub-population of cells.
A P value <0.01 was considered significant.

The alveolar macrophages were separated from the BAL
samples and used to prepare the total RNA. Briefly, the
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Fig. 1. The effect of PMT on the growth of P multocida. There
was no significant difference observed between the wild-type and
PMT mutant.

Fig. 2. (A) and (A"): lungs from the mice infected with the PMT
mutant strain. No significant regions can be seen. (B) and (B'):
lungs from mice infected with the wild type strain. Diffuse moderate
to severe interstitial pneumonia findings can be seen (x100). The
scale bar represents 200 pm.

BAL samples were prepared from 5 healthy, un-treated
BALB/c mice, incubated on RPMI1640 media for one night,
and washed. The adherent cells (alveolar macrophages)
were then harvested. The cells were stimulated using the
following procedure. The supernatants of the bacterial cul-
ture lysate (Kim et al., 2006) were prepared in a BHI broth.
A 50 ml sample of an overnight bacterial culture (W/T and
PMT mutant) containing 1x10° cells/ml was pelleted, washed
twice with 10 ml of PBS, sonicated in 10 ml of PBS. The
resulting cultures were pelleted again and the supernatants
were filtered through a 0.2 pm membrane filter.

The cells were harvested after 4 h of bacterial lysate
stimulation. The total RNA was isolated from the cells using
TRIzol® reagent (Invitrogen, USA). The ¢cDNA was synthe-
sized using a SuperSecript™ Choice System (Invitrogen), and
the levels of IL-1 and IFN-y mRNA were calculated by RT-
PCR. B-Actin was used as the control. The amplified prod-
ucts were visualized on 1.5% agarose gels, and the intensity
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Fig. 3. Effect of PMT on the sub-population of CD4+, CD8+,
CD3+, and CD19+ cells in blood (A) and the total number of
cells in the BAL (B). (A) Although a slight increase in CD3+
and CD19+ cells was observed in the mutant P multocida-in-
oculated mice, PMT had no significant effect. (B) A significant in-
crease in the total number of cells in the BAL samples obtained
from the wild-type P multocida-inoculated mice.

of the PCR products was compared.

PMT had no influence on bacterial growth because there
was no significant difference in the number of cells between
the W/T and mutant strains (Fig. 1). The BALB/c mice in-
oculated with the mutant strain had no signs of pneumonia
(Fig. 2A), while the mice inoculated with the W/T exhibited
moderate to severe interstitial pneumonia (Fig. 2B). This
suggests that PMT is one of the most important pathogenic
factors in the induction of pneumonia. Although the T and B
cell sub-population was unaffected (i.e. no significant differ-
ence, Fig. 3A), the total number of immunocytes was sig-
nificantly higher (P<0.01) in the BAL samples obtained from
the W/T inoculated mice (Fig. 3B). This increase is believed
to be due to the infiltration of immunocytes in interstitial
pneumonia, even though there were no changes in the T and
B cell sub-population. After 2 and 3 days of inoculation,
the splenocytes were collected from each of 5 mice. There
were no differences in the CD4+ and CD8+ cell sub-pop-



366 Kim et al

I vild-type
EEE mutant

Cell number (1x10%)

CD4 CD8 CD4 CD8

2 days 3 days

Fig. 4. Effect of PMT on the sub-population of CD4+ and CD8+
cells in the spleen. Although there was a slight increase observed
after 3 days inoculation (right), PMT had no significant effect.

Fig. 5. RT-PCR results of the effects of PMT on the two immune
response-related genes, IFN-y and IL-1. PMT (wild-type P multo-
cida) decreased the level of IL-1 expression (middle B) but had
no effect on IFN-y expression (right).

ulation observed after 2 days of inoculation (Fig. 4, left).
Although not significant, there was a slight increase in the
samples inoculated with the PMT mutant after 3 days of
inoculation (Fig. 4, right). Overall, PMT appears to have
no effect on the changes in the sub-population of cells in
the blood and spleen. The ¢cDNA level of IL-1 expression
decreased when stimulated with W/T (Fig. 5, middle B) but
no significant effect on IFN-y expression was observed (Fig.
5B). The B-actin controls showed no changes (Fig. 5A).
In conclusion, PMT has no effect on the bacterial growth
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in vitro. However, when administered to mice, PMT is believed
to play an important role in inducing interstitial pneumonia
and has some influence on the immune responses.
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