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Modulation of Plasminogen Activator Activity in Human Skin
Fibroblasts Infected with Mycoplasmas (41650)
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Abstract. Secreted and cell-associated plasminogen activator was measured in human skin
fibroblasts infected with mycoplasmas. The infected fibroblasts exhibited significantly higher
levels of secreted and cell-associated plasminogen activator activity compared to uninfected skin
fibroblasts. Subconfluent infected fibroblasts had increased plasminogen activator activity com-
pared to confluent infected fibroblasts. Plasminogen activator may be important in tissue de-
struction in disease states in which mycoplasma infection has been implicated.

Plasminogen activator, a member of a spe-
cific group of serine proteases capable of ac-
tivating plasminogen to plasmin, is synthe-
sized and released by a variety of cell types
and elevated in several virally and chemically
transformed cells in culture (1-3). The gen-
erated plasmin is capable of stimulating cell
division (4), modifying cell surfaces (4, 5), en-
hancing cell migration (6), and activating spe-
cific proteases (7). In the present study, we
have determined secreted and cell-associated
plasminogen activator (PA)' activity in un-
infected and mycoplasma-infected human
skin fibroblasts. We observed that fibroblast
cultures with increased PA activity corre-
sponded to cultures contaminated with my-
coplasmas detected during routine screening.

Materials and Methods. Cells. The human
skin fibroblasts which were established from
human foreskins were grown routinely in
Dulbecco’s modified Eagle’s medium on 60-
mm Falcon plates with 10% fetal calf serum
in an atmosphere with 5% CO, at 37°C.
Matched fibroblasts between the 4th and 12th
passage were utilized in the experiments. Sub-
confluent cells, which were rapidly prolifer-
ating, were utilized 48 hr after the cells were
subcultured. Confluent cells were used several
days after no increase in the cell number was
measured. Cell counts were performed on du-
plicate plates utilizing a hemocytometer. Cell
viability was determined using Eosin Y dye
exclusion. Mycoplasma screening was per-

! Abbreviations: PA, plasminogen activator; SFM,
serum-free medium.
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formed routinely by agar plate cultivation and
fluorescent staining for cytoplasmic DNA by
Dr. G. J. McGaritty, Institute for Medical Re-
search, Camden, New Jersey (8). Inmunoflu-
orescent staining was used to identify the My-
coplasma hyorhinis antigen in all infected
strains. The fibroblasts were naturally in-
fected with the mycoplasmas. Mycoplasma
hyorhinis was obtained from the American
Type Culture Collection, Rockville, Mary-
land and cultured by Dr. Irna Weber, De-
partment of Medicine. Urokinase was ob-
tained from Sigma Chemical Company, St.
Louis, Missouri.

Plasminogen activator activity. The sub-
confluent or confluent cells were washed three
times with fresh serum-free medium (SFM).
The fibroblasts were placed in SFM and in-
cubated for either 48 or 72 hr at 37°C. My-
coplasmas were placed in SFM in culture
dishes containing no fibroblasts and assayed
under the same conditions. Mycoplasma or-
ganism in broth were also analyzed. In the
measurement of secreted PA activity, aliquots
of the conditioned medium were removed at
3, 24, 48, and 72 hr, acidified to pH 3.5 with
1 N HCI, to remove protease inhibitors (9),
and assayed. In experiments with several cell
lines, similar results were obtained when the
medium was not acidified (results not shown).
In the measurement of cell-associated PA ac-
tivity, duplicate plates were incubated in SFM
at 37°C for either 3, 24, or 48 hr. The cells
were scraped off the plates with a rubber po-
liceman and extracted by freezing and thaw-
ing (3X) in 1 ml of 0.05 M sodium phosphate
buffer, pH 7.5, containing 1 M KCl and 0.1%
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Triton X-100. Triplicate aliquots (50 ul) from
either the conditipned medium or the ho-
mogenate were added to 20 ul of a 0.1 M Tris—
HCI buffer, pH 8.1, containing 10 ug of pu-
rified human plasminogen and 0.2% Triton
X-100 in microcentrifuge tubes. The human
plasminogen which was purified from human
plasma according to the method described by
Deutch and Mertz (10) did not significantly
degrade acetyl[*H]casein. Following the ad-
dition of 20 ul acetyl[*H]casein (9.6 ug,
200,000 cpm) prepared as previously de-
scribed (11) the samples were vortexed and
incubated at 37°C for 2 hr.

Plasminogen-independent proteolysis was
measured by incubating conditioned medium
(50 ul) with 20 ul of a 0.1 M Tris—-HCI buffer,
pH 8.1, containing 0.2% Triton X-100 and
20 pl of acetyl[*H]casein (9.6 ug, 200,000 cpm)
at 37°C for 2 hr. The reactions were termi-
nated and TCA soluble peptides counted as
previously described (11). Minimal amounts
of plasminogen-independent proteolysis was
observed in the conditioned medium or ho-
mogenates from the infected or uninfected
cells. Plasminogen activator activity was de-
termined by substrating the results from the
plasminogen-independent proteolysis from the
results from the plasminogen-dependent pro-
teolysis. Benzamidine inhibition was mea-
sured by preincubating the samples (50 ul)
with 0.1 M Tris—-HCI buffer (20 ul), pH 8.1,
containing 0.2% Triton X-100 and 13 mAM
benzamidine for 10 min at 4°C. The assay
was then performed as described. One unit of
PA activity was defined as the amount of en-
zyme which solubilized 1,000 cpm of ace-
tyl[*H]casein. In a standard urokinase assay,
0.005 Plough units solubilized 5000 cpm of
acetyl[*H]casein under our experimental con-
ditions.

Results and Discussion. Plasminogen ac-
tivator activity was assayed in the conditioned
medium from seven strains of subconfluent
human skin fibroblasts infected with myco-
plasmas and nine different uninfected human
skin fibroblast strains. The cumulative results
from several experiments are shown in Fig.
1. The uninfected skin fibroblasts exhibited
low levels of PA activity up to 72 hr. The time
course of accumulation of PA in the culture
medium from skin fibroblasts infected with
mycoplasmas indicated that the infected cells
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FIG. 1. Secreted plasminogen activator activity in con-
ditioned medium from mycoplasma infected and unin-
fected subconfluent human skin fibroblasts. Plasminogen
activator activity in conditioned medium from seven
strains of mycoplasma-infected human skin fibroblasts
(®). Plasminogen activator activity in conditioned me-
dium treated with benzamidine from seven strains of my-
coplasma-infected human skin fibroblasts (O). Plasmin-
ogen activator activity in conditioned medium from nine
strains of uninfected human skin fibroblasts (A). Each
strain was analyzed individually and the cumulative re-
sults presented as mean + standard deviation.

accumulated increased amounts of measur-
able PA in the medium compared to the un-
infected cells. The PA in the conditioned me-
dium from the infected cells were partly in-
hibited by benzamidine. The mycoplasmas
did not affect the cell counts or viability of
the skin fibroblasts. The contaminating mi-
croorganism in the skin fibroblasts with high
PA activity was identified as M. hyorhinis by
the Institute for Medical Research, Camden,
New Jersey. The cumulative results of cell-
associated PA activity in the homogenates are
shown in Fig. 2. No difference in cell-asso-
ciated PA activity was observed between the
uninfected and infected cells incubated in
SFM for 3 or 24 hr. The homogenates from
the infected fibroblasts incubated in SFM for
48 hr had elevated cell-associated PA activity
compared to the uninfected fibroblasts. Se-
creted and cell-associated PA activity from
confluent and subconfluent mycoplasma-in-
fected cells are shown in Table I. Conditioned
medium (48 hr) from subconfluent cells con-
tained higher PA activity compared to con-
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FIG. 2. Cell-associated plasminogen activator activity
in extracts from mycoplasma-infected and uninfected
subconfluent human skin fibroblasts. Plasminogen acti-
vator activity in extracts from seven strains of myco-
plasma-infected human skin fibroblasts (®). Plasminogen
activator activity in extracts from nine strains of unin-
fected human skin fibroblasts (A). Each strain was ana-
lyzed individually and the cumulative results presented
as mean * standard deviation.

ditioned medium from confluent cells. Higher
cell-associated PA activity was also observed
in homogenates from the subconfluent cells
compared to homogenates from the confluent
cells. Similar results were obtained when me-
dium was changed each day and PA deter-
mined. Mycoplasma organisms in broth or in
tissue culture dishes did not contain or secrete
any PA activity at any time period.
Increased cellular and secreted PA activity
was observed in mycoplasma-infected human
skin fibroblasts. In the mycoplasma-infected

TABLE 1. PLASMINOGEN ACTIVATOR ACTIVITY IN
SUBCONFLUENT AND CONFLUENT FIBROBLASTS
INFECTED WITH MYCOPLASMAS?

Plasminogen activator activity
(Units/10° cells)

Condition Secreted Cell associated
Subconfluent 55.6 £ 14.3 13.5 £5.6
Confluent 25.5 £ 222 59 +33

2 Subconfluent and confluent mycoplasma-infected skin
fibroblasts (three strains) were incubated in SFM for 48
hr. The 48-hr conditioned medium was removed and as-
sayed for PA activity. The cells were then extracted and
assayed for cell associated PA activity as described in Ma-
terials and Methods. Mean + standard deviation from
two different experiments. One unit of PA activity was
defined as the amount of enzyme which solubilized 1000
cpm of acetyl[*H]casein.
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fibroblasts, the source of the PA is not from
the mycoplasma. Although plasminogen ac-
tivator activity has not been extensively in-
vestigated in mycoplasmas, this study dem-
onstrates that M. hyorhinis does not exhibit
PA activity under our experimental condi-
tions. Aminopeptidase activity has been dem-
onstrated in several strains of mycoplasmas
(12). Proteolytic activity has been demon-
strated with a synthetic tetrapeptide substrate
S-2222 in extracts of M. pneumonia (13).

Mycoplasmas have been implicated in the
establishment of connective tissue disease in
certain animal species (14, 15). Kluve ef al.
(16) have shown that mycoplasmas induce in-
active collagenase in Balb/c 3T3 cells. In-
creased collagenase activity have been impli-
cated in connective tissue destruction (17, 18).
Plasmin generated by PA can activate colla-
genase (7). Plasminogen activator activity in
fibroblasts infected with mycoplasmas may be
important in the development and persist-
ance of tissue destruction.
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