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Production of metalloproteinases snch as collagenases has been reported to be involved in the
metastasis of cancer cells. Granulocytic sarcoma in extramedullary sites can be formed by similar
steps to other cancers. In this study, we have examined the secretion of type IV collagenases and a
tissue inhibitor of metalloproteinase-1 (TIMP-1) in several human leukemia cell lines, including a
granulocytic sarcoma-derived cell line established from a patient with granulocytic sarcomas in
dermal tissues. We have also examined the invasive capacity of these lenkemia cell lines into
reconstituted basement membrane, Matrigel, which was used for in vitro invasion assay. Among the
human leukemia cell lines used in this study, only the granulocytic sarcoma cell line was found to
secrete type IV collagenase constitutively, Other myeloid leukemia cell lines such as HL-6¢ and U-
937 produced type IV collagenase only after treatment with 12-O-tetradecanoylphorbol-13-acetate.
All the cell lines secreted similar amounts of the tissue inhibitor of metalloproteinases, In vitro
invasion assay revealed that the granulocytic sarcoma cell line showed higher invasive capacity than
the other cell lines. These results suppest that the secretion of 92 kDa type IV collagenase plays a role

in the lenkemia cells’ invasion of extramedullary tissues.
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Granulocytic sarcoma (GS) is defined as an extra-
medullary tumor composed of immature cells of a
granulocytic lineage, and develops in patients with acute
myelogenous leukemia (AML) and chronic myelogenous
leukemia (CML)."? Usually the proliferation and differ-
entiation of hematopoietic cells are restricted within
hematopoietic tissues, including bone marrow, spleen,
Iymph nodes, and liver.Y However, extramedullary
tumor formations are found frequently in patients with
lenkemia, especially acute myelomonocytic leukemia and
chronic myelogenous leukemia.* * As cancer cells gener-
ally leave the blood vessels and invade extravascular sites
in the process of metastasis, leukemia cells which form
extramedullary tumors should have capacities to: (1)
attach to endothelial cells; (2} traverse endothelial cells;
(3) degrade basement membranes; and (4) lodge and
preliferate in extravascular sites. Previously, we have
reported that only the granulocytic sarcoma cell line
among several leukemia cell lines could adhere to skin
fibroblasts,” which suggested that the attachment to skin
fibroblasts is a necessary step for the granulocytic sar-
coma cells to lodge and proliferate in skin tissues.

Recently, involvement of the production of colla-
genases in the invasion and distant metastasis of cancer
cells has been documented.”'® However, there has been
no report demonstrating the involvement of collagenase
production in the extramedullary tumor formation in
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leukemia, since few granulocytic sarcoma cell lines have
been established, Therefore, we have examined the secre-
tion of type IV collagenases and a tissue inhibitor of
metalloproteinase-1 (TIMP-1) in several leukemia cell
lines, including a granulocytic sarcoma cell line, and we
have further examined the invasive capacity of the leuke-
mia cell lines by means of in vitro invasion assay using
Matrigel-coated Transwells.

MATERIALS AND METHODS

Cell lines HL-60 (promyelocytic), U-937 (monocytic),
K-562 (undifferentiated), Daudi (B lymphocytic),
MOLT-4 (T lymphocytic), and CEM (T lymphocytic)
were obtained from the Japanese Cancer Resources Bank
and maintained in RPMI-1640 medium supplemented
with 10% fetal calf serum (FCS). HSM-1 was estab-
lished from a patient with granulocytic sarcoma and
myelofibrosis and maintained for more than four years in
RPMI-1640 supplemented with 10% FCS. The HSM-1
cells expressed CD4, CD11b, CD13, CD71, and HLA-
DR. Cytochemical analysis revealed that the HSM-1 cells
were myeloperoxidase-, Sudan black B-, and naphthol
AS-D chloroacetate esterase-positive, but a-naphthyl
butyrate-negative.?

Zymography The cells were harvested, washed twice
with phosphate-buffered saline (PBS), seeded in 6-well
tissue cuiture plates in RPMI-1640 medium supple-
mented with 0.5% bovine serum albumin (BSA) at 5X



10°/ml, and cultured for 24 h. In some experiments, the
cells were cultured with 1077 M 12-O-tetradecanoylphor-
bol-13-acetate (TPA) (purchased from Sigma Chemical
Co., St. Louis, MO), 10 ng/ml of interleukin (IL)-18
{kindly provided by Shionogi Pharmaceutical Co., Ltd.,
Osaka), 10 ng/ml of IL-6 (kindly provided by Toray
Industry Corp., Tokyo), 100 U/ml of tumor necrosis
factor (TNF)-a (purchased from Genzyme), 0.2 ng/ml
of transforming growth factor (TGF)-8 (purchased
from Genzyme), or 100 U/ml interferon (IFN)-a (pur-
chased from Genzyme). Supernatants were collected,
sequentially centrifuged at 1,200 rpm for 10 min and at
12,000 rpm for 10 min, filtered through 0.45 ym mem-
brane filters, and then stocked at —30°C until use.
Gelatinolytic activity was analyzed by zymography using
a gelatin-bedded sodium dodecyl sulfate (SDS)-poly-
acrylamide gel electrophoresis (PAGE). SDS-gelatin-
embedded gels were prepared by the methods of
Nakajima et al. and Albini ef al.'* ' Gelatin type A from
porcine skin (G2625; Sigma Chemical Co.) was dissolved
in 2% SDS. The SDS-gelatin solution was filtered
through 0.22 mm membrane filters, and copolymerized
with 7.5% acrylamide (final concentration of gelatin; 1.0
mg/ml). The serum-free samples were mixed with sample
buffer (0.185 M Tris-HCl), pH 6.8; 309% glycerol;
0.00375% Bromophenol! Blue; 69 SDS) at 2:1. Electro-
phoresis was performed as described by Laemmii'® under
cooling. After electrophoresis, the gels were soaked with
2.5% Triton X-100 in 50 mM Tris-HCI buffer (pH 7.5)
containing 0.05% sodium azide on a rocker platform at
room temperature for 3 h. Then the gels were incubated
at 37°C for 16 h in 0.15 M NaCl, 10 mM CaCl, and 50
mM Tris-HCl buffer (pH 7.5) containing 0.05% sodium
azide, In some experiments, 2 mM EDTA or 1 mM 1,10-
phenanthroline was added in this incubation buffer. After
the incubation, the gels were stained with 0.05%
Coomassie Blue R-250 in isopropanol:acetic acid:water
(1:1:8), destained with isopropanol:acetic acid:water
{(1:1:8), and dried on GelBond PAG film (FMC Bioprod-
ucts, Rockland, ME) and cellophane membrane back-
ing sheets (BIORAD, Richmond, CA) to obtain perma-
nent records. Gelatinolytic activitics were detected as
transparent bands on the blue background of Coomassie
Blue-stained gels.

Immunoblotting Supernatants were separated on 12%
SDS-polyacrylamide gel under reducing conditions ac-
cording to the method of Laemmli,' electrophoretically
transferred to nitrocellulose membrane, and then blotted
using anti-TIMP antibody (Fuji Chemical Industries,
Toyama) and ECL Western blotting detection reagents
(Amersham International ple, Amersham, UK).

In vitro invasion assay In vitro invasion assays were done
according to the method described previously.'® Briefly,
Matrigel was diluted in cold RPMI-1640 medium with
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0.5% BSA at 5 ug/ml. The Matrigel solution was poured
into the upper chambers of Transwell plates (pore size 8
um; Costar, Cambridge, MA) and allowed to gel at room
temperature. Then 5X 10° cells in RPMI-1640 medium
supplemented with 0.5% BSA. in the presence or absence
of TPA were dispensed into the upper chambers, which
were subsequently placed in the outer wells of the
Transwell plates. Skin fibroblast conditioned medium,
which was prepared by incubating confluent skin fibro-
blasts in serum-free RPMI-1640) medium supplemented
with 0.5% BSA and which has already been found to
have chemotactic activities for the leukemia cells used in
this study (unpublished data), was added to the outer
wells of the Transwell plates. After 1 day of incubation,
the numbers of cells in the outer wells of the Transwell
plates were counted. In some experiments, 100 U/ml of
TNF-z, 0.2 ng/ml of TGF-5, 2 mM EDTA, or 1 mM
1,10-phenanthroline was added to the upper chambers.

RESULTS

Secretion of type IV collagenase Fig. 1 shows the
gelatinolytic (collagenase) activities in the supernatants
of the leukemia cell lines. No lysis was detected in the
lanes loaded with supernatants of U-937, HL-60, HSM-1,
K-562, Daudi, CEM, and MOLT-4. Only HSM-1 cells
secreted 92 kDa type IV collagenase. Next we tested the
effects of inflammatory cytokines which could affect
myelomonocytic cells on the secretion of 92 kDa type IV
collagenase. Both TNF-¢ and TGF-5 clearly enhanced,
while IFN-a faintly enhanced, the secretion of 92 kDa
type IV collagenase in HSM-1 cells, whereas IL-18 and 1L-
6 had no effect (Fig. 2). TPA enhanced the secretion of
92 kDa type IV collagenase in HSM-1 cells (Fig. 3). U-
937 and HL-60 cells secreted the 92 kDa type IV col-
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Fig. 1.

Type IV collagenase secreted by leukemia cell lines.
Supernatants were harvested and analyzed for type IV colla-
genase according to the methods described in “Materials and
Methods.” Molecular sizes are indicated by arrows.
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Fig. 2. Secretion of type IV collagenase in HSM-1 cells
stimulated by IL-15, IL-6, TNF-a, TGF-8, and IFN-a. Super-
natants of HSM-1 cells stimulated by 10 ng/ml of IL-18, 10
ng/ml of IL-6, 100 U/ml of TNF-a, 0.2 ng/ml of TGF-3, or
100 U/ml of IFN-¢ for 24 h were harvested and analyzed for
type IV collagenase. Molecular sizes are indicated by arrows.
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Fig. 3. Enhanced secretion of type IV collagenase by TPA.
Supernatants of HSM-1, HL-60, and U-937 cells incubated
with or without 1077 M TPA for 24 h were harvested and
analyzed for type IV collagenase. Molecular sizes are indi-
cated by arrows.

lagenase only after treatment with TPA (Fig. 3). As
shown in Fig. 4, addition of 2 mM EDTA and | mM
1,10-phenanthroline to the incubation buffer completely
abolished the collagenase activities in the supernatants
of non-treated HSM-1 and TPA-treated HSM-1.
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Fig. 4. Effects of EDTA and 1,10-phenanthroline on type
IV collagenase activity. Supernatants were harvested and elec-
trophoresed on SDS-PAGE. After electrophoresis, gels were in-
cubated in incubation buffer with or without 10 mM EDTA or
1 mM 1,10-phenanthroline and then stained with Coomassie
Blue. Molecular sizes are indicated by arrows.
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Fig. 5. Immunoblotting of TIMP-1. Supernatants were
harvested and electrophoresed on SDS-PAGE. After blotting,
the membrane was stained with anti-TIMP antibody and
an ECL staining kit according to the methods described in
“Materials and Methods.”

Secretion of TIMP-1 We next examined the secretion
of TIMP-1 in the supernatant of the cells. As shown in
Fig. 5, all cells tested in this assay secreted similar levels
of TIMP-1, a 28.5-kDa protein. The treatment of HSM-1
with TPA, TIL-15, I1L-6, TNF-a, or TGF-3 had no effect
on the secretion of TIMP-1 from HSM-1 cells (data not
shown).
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Fig. 6. Invasive activities of leukemia cell lines. Matrigel
(100 pl at 5 pg/ml) was placed in the upper chambers of
Transwell plates and dried. Cells were placed in the upper
chambers at 2X 10°/chamber and skin fibroblast conditioned
medium was placed in the lower chambers as a chemoattrac-
tant. After one day of incubation, the numbers of penetrated
*cells in the lower chambers were counted. % P<0.01 as com-
pared with the other cells (Student’s ¢ test).
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Fig. 7. Effects on TNF-, TGF-8 and inhibitors of type IV
collagenase. Matrigel (100 gl, 20-fold-diluted) was placed in
the upper chambers of Transwell plates and dried. Cells were
placed in the upper chambers at 2 X 10°/chamber in the pres-
ence or absence of 100 U/ml of TNF-¢, 0.2 ng/ml of TGF-3,
1 mM 1,10-phenanthroline, or 2 mM EDTA and skin fibro-
blast conditioned medium was placed in the lower chambers
as a chemoattractant. After one day of incubation, numbers of
penetrated cells in the lower chambers were counted. % P<
0.05, k% P<0.01 as compared with non-treated chambers
(Student’s ¢ test).
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In vitre invasion assay Fig. 6 shows the results of in vitro
invasion assays using Matrigel-coated Transwell plates.
The numbers of HSM-1 cells that invaded through
Matrigel-coated filters were significantly higher than
those of U-937 cells, HL-60, K-562, MOLT-4, CEM, and
Daudi cells (P < 0.01 as compared with the other cells by
Student’s ¢ test). Invasive activities of HSM-1 cells were
significantly enhanced by the treatment with TGF-5.
TNF-¢ did not enhance the invasive activities of HSM-1
cells, In contrast, the treatment of HSM-1 cells with
EDTA or 1,10-phenanthroline completely suppressed the
invasive activities (Fig. 7).

DISCUSSION

Recently, myelomonocytic cells have been reported to
secrete 92 kDa type 1V collagenase and to traverse the
basement membrane as tumor cells do.'%'® However, the
secretion of 92 kDa type IV collagenase and the traverse
of the basement membrane were observed only with
mature monocytes and macrophages.’ Indeed, TPA-
treated U-937 and HL-60 cells, but not untreated cells,
have been shown to secrete type IV collagenase and to
degrade type IV collagen.®?" In this study, we have
revealed that among the tested leukemia cell lines only
a granulocytic sarcoma cell line, HSM-1, secreted type
IV collagenase without any stimulation, and that the
HSM-1 cells had higher invasive activities through the
Matrigel-coated filters than the other leukemia cell lines.
Ries et al. recently reported that unstimulated as well
as TPA-treated HL-60 cells secreted 92 kDa type 1V
collagenase.” However, they prepared the conditioned
medium using 10-times-higher numbers of HL-60 cells
than ours. As HL-60 cells showed a low invasive activity
for Matrigel in our experiments, small amounts of 92
kDa type IV collagenase undetectable in our assays are
presumably secreted by HL-60 cells. The secretion of 92
kDa type IV collagenase was enhanced by inflammatory
cytokines such as TGF-5 and TNF-x. Treatment of
HSM-1 cells with TGF-8 enhanced the secretion of 92
kDa type VI collagenase with increase of the invasive
activities. Furthermore, we have demonstrated that the
inhibition of collagenolytic activities in the supernatant
of HSM-1 by treatment with EDTA or 1,10-phenanthro-
line paralleled the decrease of invasive activities in HSM-
1 cells treated with EDTA or 1,10-phenanthroline. Al-
though treatment with TNF-« enhanced the secretion of
type IV collagenase in HSM-1 cells, the invasive activities
of HSM-1 cells were not significantly influenced. This
inconsistency may be explained by presuming that other
factors necessary for the invasion of Matrigel, such as
motility, were influenced by TNF-¢ treatment. Our
results suggest that the secretion of type IV collagenase,
found only in a granulocytic sarcoma cell line, HSM-1,

301



Jpn. J. Cancer Res. 86, March 1995

plays an important role in extramedullary tumor forma-
tion in leukemia.

Natural proteinase inhibitors, such as TIMPs, have
been reported to function as metastasis-suppressing
proteins that inhibit latent and active metalloprotein-
ases.” ) TIMP-1, the first member of the TIMP family,
is a glycoprotein with an apparent molecular mass of 28.5
kDa that forms a complex of 1:1 stoichiometry with the
92 kDa type IV collagenase.*) We have demonstrated
that all the tested cells secreted similar levels of TIMP-1,
although the cells other than the HSM-1 cells did not
secrete significant levels of 92 kDa type IV collagenase.
Since the net collagenase activities are thought to depend
upon the balance between the levels of 92 kDa type IV
collagenase and TIMP-1,% 2627 it j5 likely that the HSM-
1 cells stimulated by TGF-8 secrete much higher levels of
92 kDa type IV collagenase than of TIMP-1, and thus
acquire the ability to degrade type IV collagen, It has
already been reported that type IV collagenase produc-
tion is enhanced by TNF-« and TGF-8 in several tumor
cell lines.®*? Although it is unclear why TIMP-1 is
secreted in the supernatants of all the tested cell lines, we
speculate that the secreted TIMP-1 may act as an auto-
crine growth factor for all the tested cell lines, Hayakawa
et al. have reported that TIMP-1 stimulated the growth
of leukemia cell lines as well as normal erythroid pro-
genitor cells, such as K-562 and HL-60.**3"

Several metalloproteinases such as 92 kDa type IV
collagenase, 72 kDa type IV collagenase, membrane-type
matrix metalloproteinase and stromelysin have been re-
ported to be involved in the invasion of tumor cells.! '
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