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Introduction

Mycoplasma pneumonia of swine, caused by Myco-
plasma  hyopneumoniae, is a worldwide; economically
important swine disease*”’. Lack of knowledge about the
pathogenic mechanisms and virulence factors involved in M.
hyopneumoniae infection is a limiting factor in the develop-
ment of highly effective treatment of mycoplasmal pneumo-
nia of swine. The role of M. hyopneumoniae infection in
associdation with other swine tespiratory pathogens has
gained increased importance. For instance, PRRSV-induced
pneumonia is potentiated by M. hyopneumoniae induces
pneumonia by damage to ciliated epithelial cells of the tra-
chea, bronchi and bronchioles>*®*. However, the mecha-
nisms underlying M. hyopneumoniae-induced ciliary
damage or loss of cilia are not well-understood. Recently, a
tracheal epithelial cell model has been developed to enable
us to study the pathogenesis of M. hyopneumoniae strain 91-
317,23,24.

The adherence of M. hyopneumoniae strain 91-3 to cili-
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ated epithelium is necessary to induce colonization of the
organism on the epithelium, which results in the loss of cilia.
The adherence process is mainly mediated by receptor-
ligand interactions®™***. To be consistent with this concept,
virulent strains of M. hyopneumoniae strain 91-3 adhere to
tracheal tissue in vitro, whereas avirulent strains of M. hyop-
newmoniae do not**. We noted that an increase in the Ca®
concentrations of the medium resulted in the loss of cilia®.
This indicates that M. hyopneumoniae strain 91-3 may
increase [Ca®"]; of respiratory epithelium, which serves as an
intracellular signal to induce the cilia loss. The objective of
the present study, therefore, was to investigate whether the
pathogenic M. hyopneumoniae strain 91-3 can induce [Ca®];
in epithelial cells.

Materials and Methods

Mycoplasmas

A pathogenic M. hyopneumoniae strain 91-3, originally
cloned from strain 232, shows high adherence to cilia in a
microtiter adherence assay”’. A non-pathogenic M. hyopneu-
moniae J, originated from ATCC strain 25934, which does
not adhere to cilia®. M. flocculare strain Ms42, originated
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from ATCC strain 27399, is kuown as a non-pathogen in
swine’. These mycoplasmas were cultared in & waterbath
shaker with 50 rpm at 37°C for 48-96 h. Mycoplasinas were
grown by logarithmic phase and harvested by centrifugation
at 12,000 g for 30 min fo remove Friis media. Following
centrifogation, the mycoplasma pellets were collected and
suspended with 50 m! phosphate buffer saline (PBS). The
suspended pellets were centrifuged at 15,000 g for 15 nin.
This process was repeated once. The pellets were dispersed
through a 27-gauge needle in PBS. The concentration of
intact mycoplasma proteins were determined using bicincho-
ninic acid (BCA assay) (Pierce, Rockford, IL). The final cell
protein of mycoplasmas was diluted to as 3 mg/mal in PBS
(equivalent to 10'°-10"° CCU). Color changing units (CCU)
represented the highest dilution culture changing the color of
a tube of Friis mycoplasmal medinm from red to yellow.

Ciliated tracheal cells

To piepare ciliated traclieal epithelial cells, the iracheas
were removed from 3-month-old mycoplasma free pigs
anesthetized with sodium pentobarbital using aseptic
techniques™?. The ciliated cells were isolated by enzyme
digestion using 0.15% pronase and 0.01% DNase in Ca®™"
and Mg*-free MEM media and incubated at 4°C for 24 h.
Fetal bovine serum (10%) was added to stop enzyme reac-
tion. To collect epithelial cells, the tubes were cenirifuged at
125 g for 5 min. The cell pellets were resuspended in a mix-
ture of Dulbeccos MEM (hiigh glucose) (DMEM) and Harmns
F-12 (1:1) containing 5% ¥BS, 0.12 U/ml of insulin, and
100 U/ml of penicillin-strptomycin. Cell suspensions were
transferred to 90 mm tissue culiure dishes and incubated in
5% CO, for at least 1 h to remove fibroblasts. A portion of
the cell suspension was diluted in 0.04% trypan blue for
counting and assessing viability. The tracheal epithelial cells
were stored al 125°C until use.

[Ca®], measurement in tracheal cells

To measure [Ca"); in single epithelial cells, the tracheal
cells were loaded with 4 M fura-2 acetoxywiethyl ester {fora-
2AM) in Krebs-Ringer bicarbonate (KRB) buffer sofution
containing (in mM): 136 NaCl, 4.8 KCl, 1.5 Ca(Cl,, 1.2
KH,PO,, 1.2 MgSO,, 10 HEPES, 5.5 glucose and 0.1%
BSA, pH 7.4 and incubated for 30 min at 37°C. The loaded
cells were centrifuged (700 g, 2 min), then resuspended with
KRB at a concentration of 500-1,000 cells/ml. The tracheal
cells loaded with fura-2AM were plated onto the poly-
lysine-coated coverslip i a custonm-made petri dish. The
dish containing fura-2 loaded celis was mounted oun the
stage of an inverted fluorescence niicroscope (Carl Zeiss,
NY). Fluorescence images were obtained (excitation wave-
lengths of 334 and 380 mn; enssion wavelength of
51020 nin), background subtvacted, and divided on a
pixel-by-pixel basis to generate spatially resolved maps of

[Ca®'];. The cmitted signals were digitalized, recorded and
processed using the Attofluor digital fluorescence imaging

"systert (Auto instruments, Rockville, MDY, After reading

fluorescence for 150 sec, mycoplasmas were loaded. [Ca®'];
was calculated as previously described™. To calibrate the
fluorescence siguals, the ratio of fluorescence at 334 nm to
fluorescence al 380 mwm was compared with the ratios
obtained at maximal extracellular Ca®* (10 mM CaCl,) and
Ca* (10 mM Elhyleneglycoltetraacetic acid).

Adinainisization of Mycoplasnnas

To compare the [{a”"]; of tracheal cells response to patho-
genic M. hyopnrewnoniae strain 91-3, and avirulent M. hyop-
neumoniue and M. flocculare, the cells were treated with the
same concentration of 300 pg/ml. We did further investigate
on the relationship of response-concentration of M. hyop-
neumoniag straiit 91-3 with concentrations of 100 prg/ml and
30 pg/ml. Four to ten ciliated single tracheal cells in each
were selected to investigaie the [Ca’), changes. Results
were analyzed by analysis of variance or by Student z-test.
The significance was evaluated at P<0.05.

Resulis

Clisnges after adninisteation of mycoplasmias in cili-
abed lracheal cells

To iuvestigate the differences of three mycoplasinas in
terms of [Ca®™), in ihe ciliated racheal cells, we firstly
selected only ciliated tracheal cells, which were beating, by
calcium measuring instrument equipped with microscope
(X400). As shown in Fig 1A and 1B, the [Ca”™], in the cili-
ated cell increased (to) 250419 oM (47 cells in 10 experi-
menis) aller administration of pathogenic 8. hyopneu-
moniae stain 91-3 (300 pgAoly. The induced [Ca™], was
varied from cell (206 nM) to cell (308 nM). However, non-
pathogenic M. hyopneumoniae (300 pg/ml) and M. floccu-
fure (300 pg/ral) did not significantdy increase [Ca®],
(82 v, 18 cells in 6 experiments and 2:+2 nM, 24 cells in
& experiments) in the selected fracheal cells (Fig 1C, D, E
and F). This indicates that the ciliated tracheal epithelial
cells may have specific receptors to the pathogenic M. hyop-
newmoniae starin 91-3, but not to the non-pathogenic M.
hyopneumoniae and M. flocculare.

Response-conceirtration of the pathogenic M. hyopneti-
monive 91-3 in ciliated tracheal cells

To investigate the level of [Ca™ after administration of
30, 100 aud 300 pg/mil of M. hyoprewnoniae 91-3, the density
of the intact pathogenic M. hyopnewmoniae sirain 91-3 was
calculated as mg/ml to increase accuracy of density. The rea-
sont is that CCU has deviation of 100-fold in the number of
mycoplasma. (o addition, this may be a convenient method
in the stady of exact dosing. Afler administration of 300,
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Fig 1. Representive photographs (A) and traces (B) showing the effects of the pathogenic M. hvopnewnoniae strain 91-3 (300 pg/ml),
photographs () and traces (D) showing the effects of the non-pathogenic M. hyopremoniae (300 pug/ml), and photographs (E) and
traces (F) showing the effects of the non-pathogenic M. floccudare (300 pg/m in the fura 2AM-loaded porcine cilliated tracheal cells.

Mycoplasmal strains were administered at 150 sec.

100 and 30 pg/ml of the organism, [Ca™l

cells was significantly increased in a dose dependent man-
ner with ranges of 22+9, 11029 and 25019 oM, respec-
tively (Fig 2). This indicates that the interaction of M.
hyopneumoniae 91-3 and ciliated tracheal cells may be
nvolved in recepior reactions.

in the ciliated

Dscussion

In a report. M. Ivopnewnoniae 91-3 strain was studied in
the differential epithelial cells for the interaction between
mycoplasmas (M. hvopneumoniae 91-3, M. hyopnewmnoniae
and M. flocculare) and tracheal epithelial cells'®®, They
administerd 5> 10%10° of mycoplasmas to the above sys-
tem. According to their results, the pathogeuic M. hyopreu-
moniae 91-3 sirain attached to the cilia. inducing tangling,
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Fig 2. Representive traces showing the effects of [Ca®)
response in ciliated porcine tracheal cells to pathogenic M.
hyopneumoniae strain 91-3. The pathogenic M. hAyopneumoniae
strain 91-3 was administered with dose of (A) 30 (n = 6, total 18
cells), (B) 100 (n =7, total 16 cells), and (C) 300 pg/ml (n = 10,
total 47 cells).

clumping and longitudinal splitting within 90 min after the
addition of mycoplasmas to the cells®. However, adherence
to the cilia by the mycoplasma organism is not sufficient to
explain the pathogenesis of mycoplasmal pneumoniae.

In this study, ciliated epithelial cells were selected by
microscope ( X400) for investigating [Ca®]; in the different
porcine tracheal cells. The reason is that M. hyopneumoniae
strain 91-3 causes ciliary damage by interaction between its
surface protein (adhesins) and receptors located on the cilia
101423242628 - After the administration of M. hyopneumoniae
strain 91-3, the magnitude of the [Ca®]; increase in response
to M. hyopneumoniae strain 91-3 varied greatly from cell to
cell. In addition, we found that the higher the density of M.
hyopneumoniae strain 91-3 was loaded to ciliated tracheal
cells, the greater Ca** responses was induced, even but no
response at all at low density of mycoplasma cilia cells at
low density of mycoplasma in the present study. The basis
of this different sensitivity was not determined but may arise
from variations in the expression, density, or sensitivity of
the mycoplasma receptor®®'®, This heterogenicity of Ca™
response in the intact airway epithelial cells was very simi-
lar to the heterogenous Ca®* responses to ATP, reported in
glial cells?, bile duct cells”, megakaryocytes”® and chon-
drocytes® In airway cells of rabbits, Korngreen et al”® also
reported that the heterogenicity of Ca* response was due in
the sensitivity of individual cells to ATP,.

The pathogenic M. hyopneumoniae strain 91-3 increased
[Ca®); in porcine ciliated tracheal cells, but non-pathogenic
M. hyopneumoniae and M. flocculare failed to do so. The
[Ca*]; response was a rapid event and the [Ca®], increase
was dependent on the mycoplasma density. Debey et al’
reported that [Ca"]; increase was induced after administra-
tion of M. hyopneumoniae strain 91-3 (10"-10'° CCU) in
neutorphils isolated from pigs but a non-pathogenic stain did
not so. The mechanism to increase [Ca®]; in the neutrophils
has not yet been elucidated. Also, the role of neutrophils in
the pathogenesis of M. hyopneumoniae-induced disease is
not known.

The pathogenic M. hyopneumoniae strain 91-3 (10° CCU)
has known to adhere to cilia, inducing tangling, clumping
and longitudinal splitting but the non-pathogenic M. hyop-
neumoniae strain did not show obvious ciliary damages™.
The reason for the above phenomenon may be explained by
the presence of receptors on the ciliated tracheal epithelial
cells for the pathogenic M. hyopneumoniae strain 91-33%2%,
Therefore [Ca?*]-changes in the tracheal epithelial cells
could be provided as a key in the pathogenesis of mayco-
plasma infection.

Ismaili et al®? have investigated on [Ca*], increase by
intact verocytotoxin-producing Escherichia coli (5% 10° CFU)
in cultured Hep-2 cells, comparing with enteropathogenic E.
coli (5X10° CFU). They also found that [Ca®™], was
increased by intact verocytotoxin-produéing E. coli via 1P,
pathwayl. Intact S. typhimurium (1.6 % 10" CFU/ml)
induces [Ca®™]; increase, which mediates Ca?*-mediated acti-
vation of the NF-kB pathyway for epithelial IL-8
expression®'®. To our knowledge, this is the first report
showing [Ca®"]; increase by pathogenic mycoplasmas in the
ciliated tracheal cells. Along with this line, we are recently
investigating how to increase [Ca®"], in the ciliated cells.
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