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Bacillus Calmette-Guérin Enhances Production and Secretion of Type IV

Collagenases in Peripheral Blood Mononuclear Cells
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Intravesical administration of bacillus Calmette-Guérin (BCG) is an effective and widely accepted
treatment for superficial bladder cancer. Rapid progression of the disease after BCG therapy,
however, has been reported in some cases refractory to the treatment. We examined whether BCG
treatment and coexistence of peripheral blood mononuclear cells (PBMCs) alter the invasive potential
of bladder cancer cells. Production and secretion of two type IV collagenases, matrix metalloprotein-
ase (MMP) 2 and MMP 9, by PBMCs from five healthy donors or bladder cancer cells (T24, JTC
30, and JTC 32) were evaluated by gelatin zymography, western blot analysis, and northern blot
analysis. Invasion of bladder cancer cells was also examined using reconstituted basement membrane
(Matrigel), BCG (5, 50, and 500 g2g/ml) had no effect on secretion of MMP 2 and MMP 9 by bladder
cancer cells, but increased the production and secretion of MMP 9 by PBMCs in a dose-dependent
manner. The eoexistence of PBMCs increased invasion of T24 cells and BCG further enhanced the
invasion. Thus, BCG promotes invasion of bladder cancer cells under certain conditions. An increase

in the secretion of MMP 9 by PBMCs may account in part for the effect.
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Intravesical adminisiration of bacillus Calmette-Gué-
rin (BCG) is an effective and widely used treatment
modality for superficial bladder cancer. BCG treatment
has been demonstrated not only to eradicate the cancer
cells but also to reduce recurrence after transurethral
resection of the tumor."* In spite of the excellent treat-
ment results, however, bladder cancers refractory to
BCG therapy have been reported to show rapid progres-
sion.” Some of our cases with bladder cancer also showed
extensive muscle invasion after BCG therapy.

Type IV collagenase is a metalloproteinase which
cleaves type IV collagen, a main component of basement
membranes. There are studies indicating a correlation
between the production of type IV collagenase by cancer
cells and invasive potential in various types of malignan-
cies, including bladder cancer.*'? The enzyme has also
been demonstrated to be produced by non-malignant
cells such as fibroblasts or peripheral blood mononuclear
cells (PBMCs)!""' and these cells were suggested to
promote invasion of cancer cells under certain condi-
tions.!*™!®

In this study, we evaluated the effect of BCG on the
production of two type TV collagenases, matrix metailo-
proteinase (MMP) 2 (72 kDa type IV coliagenase: gelat-
inase A) and MMP 9 (92 kDa type IV collagenase:
gelatinase B), by bladder cancer cells and PBMCs. Mi-
gration of bladder cancer cells through reconstituted
basement membrane was also examined to see whether
the administration of BCG and existence of PBMCs alter
the invasive potential of the cancer cells.
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MATERIALS AND METHODS

Reagents BCG (Tokyo 172 strain) was purchased from
Japan BCG Co., Tokyo. Recombinant human tumor ne-
crosis factor & (rTNF-a) was purchased from Dainippon
Pharmaceutical Co., Tokyo. Recombinant human inter-
feron ¥ (rIFN-y) was purchased from Shionogi Pharma-
ceutical Co., Tokyo. Mouse anti-human MMP 2 mono-
clonal antibody (mAb) and mouse anti-human MMP 9
mAb were purchased from Cosmo Bio, Tokyo.
Preparation of PBMCs PBMCs were prepared from five
healthy volunteers using Ficoll-Paque, a lymphocyte iso-
lation reagent (Pharmacia Biotech AB, Uppsala,
Sweden), and incubated in RPMI 1640 medium with
10% fetal calf serum (FCS) for 2 h at 37°C. Floating
cells (lymphocytes) and adherent cells (monocyties) were
separately collected, identified by Giemsa staining, and
mixed again (10 parts of lymphocytes and 1 part of
monocytes) for further experiments.

Bladder cancer cell lines Three bladder cancer cell lines
T24," JTC 30, and JTC 32*? were used. JTC 30 and
JTC 32 were established from primary tumors of patients
with well differentiated and anaplastic bladder cancer,
respectively. T24 was cultured in ¢ MEM medium (Life
Technologies, Grand Island, NY) containing 109 FCS,
and JTC 30 and JTC 32 were cultured in DM 170 me-
dium (Kyokuto Pharmaceutical Industrial Co., Tokyo)
with 10% FCS.

Gelatin zymography Bladder cancer cells or PBMCs
were cultured in serum-free media at 37°C for 2 h. BCG,
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phytohemagglutinin, rTNF-a, rIFN-y, or anti-human
r'TNF-¢ mAb was added to selected cultures. Condi-
tioned media of the cultures were subjected to sodium
dodecy! sulfate (SDS) polyacrylamide gel electrophoresis
with 4% stacking gel and 10% running gel containing
0.1% gelatin (Sigma Chemical Co., St. Louis, MQ) at 40
mA for 2.5 h at room temperature. The gels were washed
twice in 2.5% Triton X-100 and then in 10 mM Tris HCI
(pH 8.0), and incubated in 50 mM Tris-HCl (pH 8.0)
containing 0.5 mM CaCl,’and 1 mM ZnCl, for 48 h at
37°C. The bands with gelatinase activity were visualized
by staining the gels in 1% Coomassie Brilliant Blue R
250 and quantitated with image analyzing software, NIH
image.

Western blot analysis Conditioned media (20 xl) or
lysate of the cultured PBMCs (50 zg) were subjected to
SDS polyacrylamide gel electrophoresis and transferred
to PYDF membranes (Millipore, Bedford, MA). Condi-
tions of electrophoresis were the same as those in gelatin
zymography except that gelatin was omitted from the
running gels, The membranes were blocked overnight
with 5% skim milk, exposed to mouse anti-human MMP
2 mAb or mouse anti-human MMP 9 mAb for two hours
at room temperature, and processed with a Vectastain
ABC staining kit for mouse IgG (Vector Laboratories,
Burlingame, CA) according to the manufacturer’s proto-
col. The bands reactive to the primary antibodies were
visualized with 0.25 mg/ml 3,3’-diaminobenzidine in
phosphate-buffered saline (PBS) containing 0.03% H,0..
Northern blot analysis Total RNA was isolated from
PBMCs using Isogen, an RNA isolation reagent (Wako
Pure Chemical Industry, Tokyo). Thirty micrograms of
the total RNA was electrophoresed in 19 agarose gels
containing formaldehyde and transferred to nylon mem-
branes. The membranes were hybridized with an a-P-
labeled ¢cDNA clone for human type IV collagenase
(Clone CollVA) (American Type Culture Collection,
Rockville, MA) and analyzed with an image analyzer
(BAS 2000) (Fuji Film Industry, Tokyo). The mem-
branes were rehybridized with an @-**P-labeled probe for
human beta actin (Wako Pure Chemical Co., Tokyo) as
an internal standard.

Cytotoxicity assay Ten thousand bladder cancer cells
were seeded in triplicate in 24-well plates and incubated
for 24 h at 37°C. Then the medium was changed to
serum-free medium with (5, 50, or 500 xg/ml) or with-
out BCG. PBMCs (5 X 10¥ lymphocytes and 5 X 10* mon-
ocytes) were added in selected wells. After incubation for
an additional 24 h, the plates were washed with PBS
three times and the cultures were continued in media
supplemented with 109 FCS for one week at 37°C. The
cultured bladder cancer cells were then fixed with meth-
anol and stained with Giemsa’s solution. Cytotoxicity
was evaluated by measuring the number of cells with a
Monocelater (Olympus Co., Tokyo).
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Irn vitro invasion assay Migration of the T24 cells was
evaluated using reconstituted basement membrane con-
taining type IV collagen (Matrigel Biocoat Invasion
Chamber) (Becton Dickinson Labware, Bedford, MA).
T24 cells (10°) in 200 gl of serum-free medium (a
MEM) containing 0.1 % FCS with or without BCG (500
¢g/ml) or conditioned media of PBMCs culture (10°
lymphocytes and 10* monocytes) with BCG (500 pg/ml)
were placed in the upper wells of the Matrigel chambers.
In some wells, 50 ug/ml of anti-MMP 9 mAb was added
to the culture media and PBMCs (10° lymphocytes and
10* monocytes) were added to selected samples. Ten
micrograms/ml of fibronectin (Iwaki Glass Co., Ltd.,
Tokyo) in the serum-free medium containing 0.19% FCS
was added to the lower wells of the chambers and the
system was incubated for 24 h at 37°C. Then cells on the
upper surface of the membranes were removed by gently
wiping with cotton swabs. Cancer cells which had
migrated through the membranes were stained with
Giemsa’s solution and counted on a light microscope.
Statistical analysis All statistical analyses were made by
using Student’s ¢ test.

RESULTS

Gelatin zymography of the conditioned media of the
PBMCs culture revealed marked gelatinase activity at 92
kDa. Weaker gelatinase activities were also observed at
170 kDa and 72 kDa. The 92-kDa and 170-kDa gelati-
nase activities were significantly enhanced in a dose-de-
pendent manner by the presence of BCG in the culture
medium (Figs. 1 and 2). The gelatinase activities in-
creased time-dependently on BCG (500 gg/ml) treat-
ment and reached a plateau at 2 h (Fig. 3).

In western blot analysis of the conditioned media of
the PBMCs culture, the 92-kDa gelatinase was reactive
only to the anti-MMP 9 mAb, while the 170-kDa gelati-
nase was positively stained by both anti-MMP 2 and anti-
MMP 9 mAbs. Positive bands were seen only when
PBMCs were incubated in the presence of BCG. The
band of 72 kDa was not detectable by either of the mAbs,
irrespective of the presence of BCG (Fig. 1).

Western blot analysis of the lysate of cultured PBMCs
using anti-MMP 9 mAb revealed signals at 92 kDa which
were increased by up to 460% in a dose-dependent
manner by BCG treatment. In northern blot analysis
with total RNA from the PBMCs, mRNA for type IV
collagenase was also increased dose-dependently by BCG
treatment (Fig. 4).

The 170-kDa, 92-kDa, and 72-kDa gelatinases were
also demonstrated in gelatin zymography of the condi-
tioned media obtained by separate culture of lympho-
cytes or monocytes from Donor 1. BCG increased the
activities of 170-kDa and 92-kDa gelatinases only in the
conditioned media of lymphocyte cultures (Fig. 5).
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Fig. 1.

Gelatin zymography (A) and western blot analysis (B) of conditioned media obtained from cultures of peripheral

blood mononuclear cells (PBMCs) from donor 1. Administration of bacillus Calmette-Guérin (BCG) increased gelatinase
activity of 92 kDa and 170 kDa in a dose-dependent manner. Two bands of 92 kDa and 170 kDa were stained with anti-matrix
metalloproteinase (MMP) 9 antibody after the treatment with BCG. The band of 170 kDa was also stained by anti-MMP 2
antibody. “lym” and “mono” denote lymphocyte and monocyte, respectively.
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Fig. 2. Relative 92-kDa gelatinase activity in a duplicate
experiment with 107 lymphocytes and 10° monocytes from
donor 1. Bacillus Calmette-Guérin (BCG) increased the activ-
ity in a dose-dependent manner. * P-<<0.05,

Addition of rTNF- in the culture of PBMCs (donor
1) dose-dependently increased 72-kDa gelatinase activ-
ity, while dose-dependent decreases in 170-kDa and 92-
kDa gelatinase activities in the conditioned media were
observed. The decreased gelatinase activities recovered
after the addition of 500 pg/ml of BCG to the culture.
Treatment of PBMCs with an anti-human rTNF-a
neutralizing mAb did not change these gelatinase activ-
ities. The two gelatinase activities were not affected by
rIFN-y, regardless of the presence or absence of BCG.
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Fig. 3. Gelatin zymography of conditioned media obtained
from cultures of peripheral blood mononuclear cells
(PBMCs) (107 lymphocytes and 10° monocytes) from donor
1. Bacillus Calmette-Guérin (BCG) time-dependently in-
creased the gelatinase activity at 92 kDa and 170 kDa. The
results of a duplicate experiment are shown.

Non-specific stimulation of PBMCs with phytohemag-
glutinin did not affect either of the gelatinase activities
(Fig. 6).
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Fig. 4. Western blot analysis (A) of cell lysate (50 pg pro-
tein) and northern blot analysis (B) of total RNA (30 ug)
obtained from peripheral bloed mononuclear cells (PBMCs)
of donor 1. Bacillus Calmette-Guérin (BCG) increased the
amount of 92-kDa gelatinase which is reactive to anti-matrix
metalloproteinase (MMP) 9 monoclonal antibody in a dose-
dependent manner. mRNA for type IV collagenase was also
increased dose-dependently by BCG treatment.

L+M M M L L

BCG(500pg/ml) + - + - +
Fig. 5. Gelatin zymography of conditioned media of lympho-
cytes and monocytes (donor 1) cuitured separately. Although
gelatinases were secreted by both lymphocytes and mono-
cytes, bacillus Calmette-Guérin (BCQG) mainly increased the
gelatinase activity of lymphocytes. L and M denote lympho-
cytes and monocytes, respectively.
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Effect of various stimulants on gelatinase activity of peripheral blood mononuclear cells (PBMCs) (107 lymphocytes

and 10* monocytes) from donor 1. Recombinant human tumor necrosis factor (rINF)-a increased the 72-kDa gelatinase
activity and decreased the 92-kDa and 170-kDa gelatinase activities in a dose-dependent manner. Anti-TNF-2 antibody did not
affect the gelatinase activities increased by bacillus Calmette-Guérin (BCG) treatment (A). Recombinant human interferon
(rIFN)-r did not alter the basal or BCG-enhanced gelatinase activities (B). Non-specific stimulation with phytohemagglutinin

(PHA) had no effect on the basal gelatinase activity (C).
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Fig. 7. Gelatin zymography of conditioned media of bladder
cancer cell line cells (10° cells). All three cell lines (T24, JTC
30, and JTC 32) secreted gelatinases of 92 kDa and 72 kDa.
Addition of BCG had no effect on basal gelatinase activities.
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Fig. 8. Effects of BCG and peripheral blood mononuclear
cells (PBMCs) on viability of three bladder cancer cell line
cells (10* cells at the start of the assays). Culture with
PBMCs (5% 10° lymphocytes and 5 X 10* monocytes) for 24 h
severely impaired the viability of JTC 30 and JTC 32 regard-
less of bacillus Calmette-Guérin (BCG) treatment, whereas
BCG and/or PBMCs did not alter the viability of T24. Verti-
cal lines in the graph represent standard deviations.
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Fig. 9. In vitro invasion assay of T24. T24 cells (10°) were
added to the upper wells of the invasion chamber and cells
that migrated through the reconstituted basement membrane
were counted. Although only a few T24 cells showed migra-
tion under the basal conditions, the presence of peripheral
blood mononuclear cells (PBMCs) (10° lymphocytes and 10*
monocytes from donor 1) promoted the migration. Addition
of bacillus Calmette-Guérin (BCG) further enhanced the inva-
sion of T24. Although the effect was not statistically signifi-
cant, anti-matrix metalloproteinase (MMP)} 9 monoclonal anti-
body (mAb) partially suppressed the enhanced migration of
T24 cells induced by BCG. Conditioned media of PBMCs
culture with BCG also enhanced T24 cell migration, which
was markedly suppressed by anti-MMP 9 mAb. T, B, P and
M denote T24, BCG (500 xg/ml), PBMCs and anti-MMP 9
mAb, respectively. C, Culture medium was substituted for
conditioned medium of PBMCs culture with BCG. Vertical
lines in the bar graph represent standard deviations.

Conditioned media of three bladder cancer cell line cell
cultures all contained gelatinase activities of 92 kDa and
72 kDa, which were not affected by addition of BCG to
the culture (Fig. 7). Coexistence of PBMCs markedly
impaired the viability and growth of both JTC 30 and
JTC 32, regardless of the presence or absence of BCG,
while T24 cells were not affected by BCG or PBMCs
(Fig, 8).

In in vitro invasion assay using T24 (Fig. 9), only a few
cells migrated through the reconstituted basement mem-
branes when T24 cells alone were cultured. Addition of
BCG alone did not increase the number of migrating
cells. Co-culture of T24 and PBMCs obtained from
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Fig. 10. Results of gelatin zymography and in vitro invasion
assay of T24 using peripheral blood mononuclear cells
(PBMCs) (10° lymphocytes and 10* monocytes) of donors 2—
5. Bacillus Calmette-Guérin (BCG) increased the 92-kDa gelat-
inase activity in all of the samples. Coexistence of PBMCs
increased migration of T24 in all of the experiments and
BCG further enhanced the invasion in three of them. Vertical
lines in the bar graphs represent standard deviations.

Table 1. Effects of BCG on 92-kD> Gelatinase Activity
BCG (—) BCG (+)

mean density (SD)? mean density (SD)¥

Donor
2 123.5 (6.4} 176.5 (5.0) P<0.05
3 111.0 (5.7) 173.5 (13.4) P<0.05
4 177.0 (4.2) 192.0 (8.4) NS (P=0.16)
5 181.5 (6.4) 221.0 (15.6) P<0.05

a) Calculated from one duplicate experiment of gelatin zymo-
graphy.

Donor 1 significantly increased the migration of T24 cells
(6.9 times). The presence of BCG with PBMCs further
increased migrating T24 cells to 15.9 times those under
the basal condition (Fig. 9). Although the effect was not
statistically significant, anti-MMP 9 mAb partially
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suppressed the enhanced migration of T24 cells induced
by BCG. Conditioned media of PBMCs culture with
BCG also enhanced T24 cell migration, which was mark-
edly suppressed by anti-MMP 9 mAb.

Addition of BCG enhanced 92-kDa gelatinase activity
in the conditioned media of cultures of PBMCs prepared
from Donors 2-5 to 108-156% (mean 1329%). Migration
of the T24 cells through reconstituted basement mem-
brane was also increased by co-culture with the PBMCs
by 2.7-14.3 times (mean 8.5 fimes). Administraiion of
BCG (500 yg/ml) further enhanced the migration by
5.1-39.2 times (mean 16.6 times), except for the experi-
ment with PBMCs obtained from Donor 4 (Fig. 10,
Table I).

DISCUSSION

In the current study, the conditioned media of PBMCs
cultures were demonstrated to contain 170-kDa, 92-kDa
and a small amount of 72-kDa gelatinase activities. The
results of western blot analysis suggest that the 92-kDa
gelatinase is MMP-9, which is consistent with other
reports demonstrating that MMP-9 is a main component
of gelatinase secreted by lymphocytes.'" 1 The reactivity
of the 170-kDa gelatinase to both anti-MMP 2 and
anti-MMP 9 mAbs suggests that the compound is a
dimer of MMP 2 and MMP 9.

The presence of BCG increased the 92-kDa gelatinase
activity in the conditioned media, as well as 92-kDa
gelatinase in the lysate and mRNA for type IV collagen-
ase of the PBMCs, in a dose-dependent manner. The
results indicate that BCG increases production of the 92-
kDa gelatinase in PBMCs. Since the gelatinase activities
in the conditioned media were not affected by phytohe-
magglutinin, sensitization or stimulation of PBMCs with
bacterial bodies appears to increase the production and
secretion of the 92-kDa and 170-kDa gelatinases specifi-
cally. Further, lymphocytes play a major role in the
enhanced secretion of the enzymes in response to BCG,
while both lymphocytes and monocytes are able to se-
crete the 92-kDa and 170-kDa gelatinases independently.

The current results suggest that TNF-a¢ and IFN-y are
not involved in the enhancement of 92-kDa and 170-kDa
gelatinase activities in the conditioned media of PBMCs
culture by BCG, at least within the first two hours of
incubation. PBMCs, however, have been reported to
secrete  TNF-¢ and IFN-y after stimulation with
BCG." TNF-a has been reported to enhance produc-
tion of MMP 2 or MMP 9, whereas IFN-y has been
demonstrated o suppress these enzymes. >

Of the three bladder cancer cell lines, JTC 30 and JTC
32 were not able to survive when co-cultured with
PBMCs. The viability of T24 cells, however, was not
affected by the existence of PBMCs and/or BCG. There-
fore, T24 was used for in vitro invasion assays, which



demonstrated that PBMCs promoted migration of T24
cells through reconstituted basement membranes and
that BCG further enhanced this effect, which was par-
tially suppressed by anti-MMP 9 mAb. Conditioned
media of PBMCs culture with BCG also increased the
migration of T24 cells, which was markedly suppressed
by anti-MMP 9 mAb. The current results indicate in-
volvement of 92-kDa and 170-kDa gelatinase production
by PBMCs and its enhancement by BCG in the enhanced
migration of T24 cells in the presence of PBMCs and/or
BCG.

The rate of disease progression of bladder carcinoma
in situ refractory to BCG instillation therapy during five
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