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ABSTRACT

A thiol proteinase inhibitor (TPI) has been purified from the ascitic
fluid of Sarcoma 180 tumor-bearing mice. The molecular weight of the
inhibitor was estimated to be 67,000 on sodium dodecyl sulfate-polyac-
rylamide gel electrophoresis, and the substance inhibited papain, cathep-
sins B and I, but not cathepsins H and D and trypsin. The inhibitor also
liberated kinin upon treatment with trypsin or mouse glandular kallikrein,
indicating that the inhibitor is a kininogen, and the kinin liberated upon
trypsinization was identified as bradykinin. An immunoreactive TPI with
a molecular weight indistinguishable from that of the ascites TPI was
found in plasma of non-tumor-bearing mice as well as that of tumor
bearers. Plasma levels of immunoreactivity were increased up to twice
the normal levels in tumor bearers inoculated with Sarcoma 180 or 3LL
tumor cells. Supplementation of the purified ascites TPI into Sarcoma
180 culture medium caused a significant suppression of cell growth as
well as |'ll|ili>iniiliiu- incorporation at a concentration below that nor

mally present in plasma. In contrast, addition of ascites-TPI to cultured
mouse embryonic cells caused enhancement of cell growth as well as
I'HIthymidine incorporation. These results indicate that in mice respond

ing to tumor growth, a TPI corresponding to a kininogen is induced which
may regulate tumor growth by countering tumor-related proteolytic activ

ity.

INTRODUCTION

Proteinases have been implicated in various aspects of cancer,
including the invasion of host tissue and the formation of
mÃ©tastases(1,2). The degradation of host tissue elements, such
as connective tissue and basement membranes, as a result of
proteolytic activity could assist the spread of tumor cells. Ca-
thepsin B-like thiol proteinase is considered to be one such
enzyme involved in tumor invasion and metastasis. Poole et al.
(3) and Recklies et al. (4) reported that an excess amount of a
cathepsin B-like proteinase was released from human breast
carcinomas and that the activity of the enzyme was highest in
regions where tumor invasion had occurred. Sloane et al. (5, 6)
demonstrated that cathepsin B activity in the murine B16
melanoma variants B16-F1 and B16-F10 was correlated with
their lung colonization potential, and that cathepsin B activity
in metastatic variants of murine B16a and 3LL tumors was
correlated with their potential for spontaneous metastasis to
the lung. These findings support the concept that cathepsin B-
like thiol proteinase plays a role in facilitating the infiltration
of normal tissue by tumor cells. Recently, several types of
endogenous inhibitor (TPI3) for thiol proteinases have been
isolated from plasma and tissues of several species (7-10). TPI
has been implicated in the control of protein catabolism by
thiol proteinases, but its precise function is still unknown.
Considering the important role of host response to tumor
growth in either the advance of neoplastic disease or its control,
it can be assumed that the host might neutralize tumor-associ-
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ated proteolytic activity by increasing the endogenous synthesis
of inhibitors, including TPI.

In the present study, we found that the ascitic fluid and
plasma of Sarcoma 180 tumor-bearing mice exhibited a potent
inhibitory effect on the enzyme activity of papain, one of the
thiol proteinases, in comparison with plasma from normal mice.
The inhibitor was subsequently purified from the ascitic fluid,
and some of its properties were studied, together with measure
ment of its levels in plasma during the course of tumor growth.

MATERIALS AND METHODS

The following materials were obtained from commercial sources:
papain (type III, 2x crystallized from papaya latex), trypsin (type XII,
JV-tosyl-L-phenylalanylchloromethyl ketone treated from bovine pan
creas), porcine pancreatic kallikrein, a-JV-benzoyl-DL-arginine-2-naph-
thylamide HCI, L-leucine-2-naphthylamide HCI, and bovine hemoglo
bin (Sigma Chemical Co., St. Louis, MO); bradykinin, lysyl-bradykinin,
T-kinin (Ile-Ser-bradykinin), [l-Tyr]-kallidin and Z-Phe-Arg-4-methyl-
7-coumarylamide (Z-Phe-Arg-NHMec) (Peptide Institute, Inc., Osaka,
Japan); Sephacryl S-200 (Pharmacia, Uppsala, Sweden); DE-52 and
CM-23 (Whatman, Clifton, NJ); Affi-Gel 10 and Imimi no-Blotting
Assay Kit (Bio-Rad Laboratories, Richmond, CA); Zysorbin (fixed and
killed Staphylococcus aureus; Zymed Laboratories, San Francisco, CA);
Na['"I] and [3H]thymidine (New England Nuclear, Boston, MA);

RPMI 1640 medium (Nissui Pharm. Co., Tokyo, Japan); fetal calf
serum (M. A. Bioproducts, Walkersville, MD); 24-well culture plates
(2.0 cmVwell; Corning, Corning, NY).

Animals and Tumors. Male ICR mice and C57BL/6N mice were
obtained from Clea Japan, Inc., (Osaka, Japan) and from Shizuoka
Laboratory Animal Center (Hamamatsu, Japan), respectively. An es
tablished murine Sarcoma 180 cell line was kindly supplied by Dr. H.
Ohtsu, Central Research Division, Takeda Chemical Industries, Ltd.
(Osaka, Japan). A murine 3LL cell line was kindly supplied by Professor
T. Mayumi, Kobe-Gakuin University (Kobe, Japan). Sarcoma 180
tumor cells were propagated in vivo by i.p. injection into ICR mice.
3LL tumor cells were propagated in vivo by s.c. injection into C57BL/
6N mice.

Enzyme Preparations. Cathepsins B, H, and L were purified from the
lysosomal fraction of rat liver according to the methods described by
Barrett and Kirschke (11). The lysosomal fraction was used as a
cathepsin D preparation. Mouse submandibular gland kallikrein was
purified according to the method described by Angeletti et al. (12). Rat
submandibular gland kallikrein was kindly supplied by Dr. H. Kato,
National Institute of Cardiovascular Disease, Osaka, Japan.

Assays of Enzyme Activity and TPI. Enzyme activities of papain,
cathepsins L and B were assayed using Z-Phe-Arg-NHMec as the
substrate in 0.4 M sodium acetate buffer, pH 5.5, containing 4 mM
EDTA and 8 HIMcysteine as described by Barrett and Kirschke (11).
Cathepsins H and D were assayed using L-leucine-2-naphthylamide
(11) and acid-denatured hemoglobin (13) as the substrate, respectively.
A, values of TPI for these proteinases were calculated by Henderson
plot (14).

TPI activity in plasma or ascitic fluid was assayed by measuring its
inhibition of papain activity using a-Ar-benzoyl-DL-arginine-2-naphthyI-
Â¡imido as the substrate as described by Barrett (IS). Papain was incu
bated with samples for 5 min at 37"C before adding the substrate. One

unit of papain activity was defined as that quantity releasing 1 ><molof
2-naphthylamide/min, and one unit of TPI was defined as the amount
that decreased papain activity by 1 unit.

Collection of Ascitic Fluid and Plasma. Sarcoma 180 tumor cells (10
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cells/mouse) were inoculated by i.p. injection into ICR mice. Samples
of ascitic fluid were collected from mice killed by cervical dislocation 1
week after inoculation. Blood (SOn\) was collected from the supraorbital
artery of each mouse into an EDTA-treated glass capillary tube. Ascitic
fluid and plasma were separated from cells by centrifugation at 1500 x
g for 20 min and stored at â€”20Â°Cuntil use.

Purification of TPI from Ascitic Fluid of Sarcoma 180 Tumor-bearing
Mice. TPI was purified from the ascitic fluid of tumor-bearing mice.
The whole purification procedure was carried out at 4Â°C,and TPI was

determined by measuring its inhibition of papain activity. Ascitic fluid
(114 ml) was collected from 25 ICR mice 1 week after the i.p. inocu
lation of Sarcoma 180 cells and the precipitate between 20 and 60%
saturation of ammonium sulfate was prepared. The precipitate was
dissolved in distilled water and dialyzed against 10 mM potassium
phosphate, pH 6.9, (buffer A) containing 0.15 M KC1. The dialyzate
was concentrated to 17 ml using Centriflo CF-25 membrane (Amicon
Co., Danvers, MA), and the sample was applied to a column (2.5 x 96
cm) of Sephacryl S-200, previously equilibrated with buffer A contain
ing 0.15 M KC1. TPI was eluted as a single peak at a flow rate of 25
ml/h. Fractions containing TPI were pooled and dialyzed against buffer
A. The dialyzate (78 ml) was then applied to a column (1.5 x 35 cm)
of DE-52, previously equilibrated with buffer A. The column was
washed with the buffer, and then TPI was eluted with a linear gradient
of 0-0.3 M KC1 in a total volume of 600 ml of the buffer at a flow rate
of 20 ml/h. The inhibitor was eluted as a single peak at a concentration
of 0.13 M KC1. The fractions were pooled (30 ml) and applied to a
column (1.5 x 6 cm) of S-carboxymethylated papain-agarose at a flow
rate of 50 ml/h, which was equilibrated with buffer A containing 0.5 M
KC1. After washing the column with 20 HIMpotassium phosphate, pH
6.0, containing 0.5 M KC1, elution (3 ml/fraction) was carried out at a
flow rate of 50 ml/h with 50 HIMtrisodium phosphate, pH 12.0, into
tubes containing 1 ml of 0.2 M potassium phosphate, pH 6.O. The
fractions containing TPI were pooled, dialyzed against distilled water,
and lyophilized.

Cell Culture. Cell culture was carried out in RPMI 1640 medium
containing 5% fetal calf serum and 50 Mg/ml of gentamicin at 37Â°Cin

5% CO2-95% air. Sarcoma 180 tumor cells were harvested from the

peritoneal cavity of each mouse 1 week after i.p. inocuation. Primary
cultures of 13-day ICR mouse embryos were prepared as described by
Meek et al. (16). Medium in stock cultures was changed every 3 days,
and the cells were subcultured once a week. For subculture, cells at
confluency were detached by tryspinization and resuspended in fresh
medium. After 3 passages of subcultivation, cells were plated with 1 ml
of medium in 24-well plates at a density of 2 x 104/well, and cultured

for 48 h. The medium was changed to fresh medium supplemented
with several concentrations of purified ascites-TPI ranging from 1-
1000 Mg/ml, and cells were cultured for a further 48 h. For the final 18
h, cells were pulsed with [3H]thymidine (1 ^Ci/well), and the radioac

tivity of the harvested cells was counted using a liquid scintillation
counter (Model 460CD; Packard Instrument Co., Inc., Downers Grove,
IL). DNA in harvested cells was determined by the method of Hine-
gardner (17) using calf thymus DNA as the standard.

Assay and Identification of Kinin. Kinin was determined by RIA using
'â€¢""I-labeled[l-Tyr]kallidin and rabbit anti-bradykinin serum as de

scribed previously (18). Identification of kinin was carried out by ( M
23 chromatography as described previously (19).

Assay of TPI by RÃ•A.Antiserum for TPI was developed in rabbits
by s.c. injection of purified ascites TPI (1 mg) with Freund's complete
adjuvant every 2 weeks for 2 months. I25l-labeled TPI was prepared by
the chloramine-T method (20) and separated from free 125Iby Sephadex
G-50 chromatography. The RIA was performed in 0.1 M Tris-HCI, pH
7.4, containing 2 rn.vi benzamidine, 0.2% gelatin, and 0.02% sodium
azide (RIA buffer). By the addition of benzamidine, an inhibitor of
trypsin-like proteinases, into RIA buffer, any degradation of TPI by
unknown enzymes in the rabbit antiserum was completely prevented.
The reaction mixture contained 50 M!of '"I-labeled TPI (12,000 cpm),
50 fil of anti-TPI serum (1:20,000), and 50 n\ of either the TPI standard
(0.25-12.5 ng) oran unknown sample. Following the incubation at 4"( '

for 18 h, the sample was mixed with 20 ni of Zysorbin (1 mg/ml), kept
at 30 min at room temperature, and then centrifuged for 15 min at

2000 x g. The supernatant was removed and the precipitate was washed
once with 1 ml of RIA buffer. The pellet containing tracer bound to
antibody was counted in a gamma counter (Model .1IX 751; Aloka,
Tokyo, Japan). Duplicate estimations were made for each point on the
curve, and the unknown samples were calculated by computer using
logit transformation as described by Rodbard and Lewald (21). The
intraassay coefficient of variation, estimated with five replicate serum
samples, was 4.2%. The between-assay error was evaluated using the
same serum samples as those used in the 5 separate assays, and the
coefficient of variation was 5.3%. The sensitivity of this assay was 0.25
ngofTPI.

Immunoblot Analysis. Plasma samples of normal and tumor-bearing
mice were collected from normal ICR mice and Sarcoma 180 tumor-
bearing mice 1 week after the i.p. inoculation. Ascitic fluid was also
obtained from the Sarcoma 180 tumor-bearing mice. These samples
and purified ascites TPI were subjected to sodium dodecyl sull'aie

polyacrylamide gel electrophoresis in 7.5% gel according to the method
of Laemmli (22). Western blotting was carried out by electrophoretic
transfer to a nitrocellulose filter (23). The blotted nitrocellulose was
then developed by the enzyme-linked immunochemical technique (24)
using rabbit anti-TPI serum and horseradish peroxidase-labeled goat
anti-rabbit IgG. The limit of detectability of the TPI standard using
these procedures was 20 ng.

Miscellaneous Techniques. 5-Carboxymethylated papain agarose was
prepared by coupling 5-carboxymethylated papain to Affi-Gel 10 as
described previously (25). Protein was assayed by the method of Brad
ford (26) using bovine 7-globulin as the standard.

StatÃ¬stica!Analysis. Data were expressed as the mean Â±SE. The
statistical analysis was carried out by the Wilcoxon signed rank test for
nonparametric data or by Student's t test for parametric data.

RESULTS

TPI Activities in Plasma and Ascitic Fluid from Sarcoma 180
Tumor-bearing Mice. Activities of TPI were determined in
plasma and ascitic fluid from Sarcoma 180 tumor-bearing ICR
mice by measuring its inhibitory effects on papain activity. TPI
activities in plasma [3.65 Â±O.S8 (SD) units/ml] and ascitic
fluid (3.90 Â±0.38 units/ml) of 5 tumor bearers were signifi
cantly higher than that in the plasma (2.49 Â±0.32 units/ml) of
5 non-tumor bearers (P < 0.01 and P < 0.001, respectively, by
Student's t test).

Purification of TPI from Ascitic Fluid of Sarcoma 180 Tumor-
bearing Mice. In order to characterize TPI in tumor-bearing
mice, TPI was purified from the ascitic fluid of Sarcoma 180
tumor-bearing mice. The purification steps are summarized in
Table 1. TPI was purified about 90-fold with a recovery of 40%
from ascitic fluid. The homogeneity of purified TPI was esti
mated by sodium dodecyl sulfate-polyacrylamide gel electro
phoresis in 7.5% gel (Fig. 1) which revealed a single protein
band with a molecular weight of approximately 67,000.

Effects of TPI on Various Proteinases. In order to ascertain
that the purified protein is a specific inhibitor of thiol protein-
ase, the effects of purified TPI on the activities of various
proteinases were examined. TPI exhibited inhibitory activities
on thiol proteinases, such as papain and rat liver cathepsins B

Table I Purification of thiol proteinase inhibitor from ascitic fluid of Sarcoma
ISO tumor-bearing mice

StepAscitic

fluid (114 ml)
Ammonium sulfate

precipitate
Sephacryl S-200
DE-52
Papain agaroseTotal

protein
(mg)86632550408

13240Total

activity
(units)445

403244

210
180Specific

activity(unil/mg)0.051

0.1580.598

1.590
4.501Yield(%)100

90.654.8

47.2
40.4Purifi

cation
(-fold)1

3.111.7

31.2
88.3
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Fig. I. Sodium dodecyl sulfate-polyacrylamide electrophoresis of purified

ascites TPI. Purified ascites TPI dissolved in 1% sodium dodecyl sulfate, 1%
mercaptoethanol. 20% glycerin, and 10 HIMTris-HCI, pH 6.8, was heated for 2
min in a boiling water bath, and then 4 ng of TPI was applied to 7.5% polyacryl-
amide gel. Bovine serum albumin (66.000), ovalbumin (45,000), and trypsinogen
(24,000) were used as molecular weight standards. Gel was stained with Coomas-
sie brilliant blue. K, thousands.

and L, but cathepsin H, one of the thiol proteinases, was not
inhibited by TPI. Other classes of proteinase such as cathepsin
D and trypsin were not inhibited by TPI. Kt values of TPI for
papain and cathepsins L and B were calculated as 0.47, 2.8,
and 390 nM, respectively.

Identification of Ascites TPI as Kininogen. Kininogens, in
cluding high- and low-molecular-weight and T kininogen, have
recently been identified as endogenous TPIs (for review, see
Ref. 27). In order to characterize ascites TPI, studies were
carried out to determine whether the purified TPI corresponded
to mouse kininogen. Because it is well known that kininogen
releases kinin by the action of trypsin or kallikrein (for review,
see Ref. 28), purified TPI was incubated with trypsin or kalli
krein, and the amount of kinin in the reaction mixture was
determined by kinin RIA. One mg of purified TPI liberated
14.2 or 13.5 ng bradykinin equivalent of immunoreactive kinin
by treatment with trypsin (100 ng/ml) or mouse subinami iInilar
gland kallikrein (25 Â¿ig/ml),respectively. However, no immu
noreactive kinin was detected in the reaction mixture using
kallikrein of rat or porcine origin. In order to clarify which
kind of kinin was liberated from TPI upon trypsinization,
trypsinized TPI was chromatographed on CM-23, and the
elution profile of immunoreactive kinin was compared with
those of synthetic bradykinin, T-kinin, and lysyl bradykinin.
The immunoreactive kinin was eluted in the fraction corre
sponding to bradykinin (data not shown). On the basis of the
ratio between the molecular weight of TPI and that of brady
kinin, it is estimated that 1 mol of TPI liberates 0.9 mol of
bradykinin upon trypsinization.

Identification of TPI in Mouse Plasma. In order to clarify
whether a protein corresponding to ascites TPI is present in
plasma, an immunoblot analysis of TPI in plasma of normal
and Sarcoma 180 tumor-bearing mice was carried out using

rabbit anti-ascites TPI serum. As shown in Fig. 2, plasma of
normal as well as that of tumor-bearing mice gave strong
immunoreactive bands, which corresponded to the immuno
reactive band of ascites TPI. Several faint immunoreactive
bands with different mobilities from that of purified TPI were
also observed in the samples of plasma and ascitic fluid.

Plasma Levels of TPI in Normal and Tumor-bearing Mice.
For determining the plasma levels of TPI in mice, a RIA method
for TPI was developed using 125I-labeled TPI and rabbit anti-

ascites TPI serum. The displacement curve of plasma collected
from either normal or tumor-bearing mice was parallel to that
of standard TPI. By the use of this method, plasma levels of
TPI in mice after the inoculation of Sarcoma 180 or 3LL tumor
cells were measured (Fig. 3). Sarcoma 180 tumor cells were
implanted into male ICR mice by i.p. or s.c. injection. 3LL
tumor cells were implanted into male C57BL/6N mice by s.c.
injection. Plasma samples were collected at different times after
the inoculation and were subjected to RIA of TPI. Plasma levels
of TPI before the inoculation of tumor cells were 0.532 Â±0.025
mg/ml in 5 ICR mice and 0.478 Â±0.032 mg/ml in 5 C57BL/
6N mice. During the course of the experiments, no changes
were observed in the plasma TPI levels of normal ICR and
C57BL/6N mice. In parallel with tumor growth, the plasma
levels of TPI increased, irrespective of the tumor line used and
whether it was the solid or ascites form. Just before the end
stage, plasma TPI reached approximately twice the normal
level in either type of tumor-bearing mouse. The TPI level in
ascitic fluid was 1.185 Â±0.086 mg/ml in 5 mice 1 week after

1234
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Fig. 2. Immunoblot anlaysis of TPI in plasma of normal and Sarcoma 180
tumor-bearing mice. Plasma and ascitic fluid were collected from Sarcoma 180
tumor-bearing mice 10 days after i.p. inoculation. Normal plasma was collected
from ICR mice. These samples and purified ascites TPI were subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis in 7.5% gel, blotted onto a
nitrocellulose filter, and processed as described in "Materials and Methods."
Lane I, ascitic fluid of Sarcoma 180 tumor-bearing mouse (0.2 Â¿ti);Lane 2, plasma
of Sarcoma 180 tumor-bearing mouse (0.2 //I): Lane 3, plasma of normal mouse
(0.2 /Â¿I);Lane 4, purified ascites TPI (40 ng). K, thousands.
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Fig. 3. Plasma levels of TPI in Sarcoma 180 and 3LL tumor-bearing mice.

Sarcoma 180 tumor cells were inoculated i.p. (IO7 cells/mouse, â€¢)or s.c. (5 x
10*cells/mouse, O) into 5 male ICR mice. 3LL tumor cells (6x10* cells/mouse,

â€¢)were inoculated s.c. into 5 male C57BL/6N mice. Blood samples were collected
from tumor bearers several days after inoculation or S normal ICR mice (A), and
plasma levels of TPI were determined by RIA. Mean TPI levels in plasma before
inoculations were 0.532 Â±0.025 mg/ml for 5 ICR mice and 0.478 Â±0.032 mg/
ml for 5 C57BL/6N. Points and bars, mean Â±SE. All values of plasma TPI levels
in tumor bearers, except for those of mice that received s.c. Sarcoma 180 at day
2, were significantly different from the values before inoculation (P < 0.05 by
Wilcoxon signed rank test).
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Fig. 4. Effects of ascites TPI on DNA synthesis of Sarcoma 180 tumor cells
and mouse embryo cells in vitro. Sarcoma 180 tumor or mouse embryo cells (each
2 x IO4 cells/well) were conditioned for 48 h, and then medium was replaced
with 1 ml of fresh medium supplemented with several concentrations of ascites
TPI. Cells were cultured for 48 h and pulsed with [3HJthymidine (TdR) for the
Final 18 h. Harvested cells were subjected to determinations for the relative
amounts of (A) incorporated label and (I!) DNA contents per well. â€¢.Sarcoma

significantly lower in the wells supplemented with TPI than in
those without TPI, while the DNA contents of cultured embryo
cells were significantly higher in the wells supplemented with
TPI.

DISCUSSION

In the present study, we found high levels of TPI activity in
plasma and ascitic fluid from Sarcoma 180 tumor-bearing mice.
The TPI was purified from the ascitic fluid, which was a good
source because of its high TPI concentration and its easy
collection. The purified TPI was identified as a kininogen, a
protein precursor of the vasoactive peptide kinin, from evidence
that the protein liberated an immunoreactive kinin by treatment
with trypsin or mouse kallikrein and that the kinin liberated
from TPI upon trypsinization was identified as bradykinin. The
resistance of mouse TPI to rat or porcine kallikrein was prob
ably due to the difference in species from which the kallikrein
was obtained (29). Since the molecular weight of TPI (67,000)
is close to that of low-molecular-weight kininogens in other
species and the TPI was unable to correct the kaolin-activated
partial thromboplastin time of high-molecular-weight kinino-
gen-deficient plasma (data not shown), the purified TPI in the
present study seems to be mouse low-molecular-weight kinin
ogen.

Kininogens have recently been identified to be endogenous
TPIs (10, 30). K, values of the ascites TPI for the inhibition of
papain and cathepsin L were very low, comparable with those
of other kininogens previously reported (10, 31). The inhibitory
activity on cathepsin B was relatively weak, and cathepsin H
activity was not inhibited by ascites TPI, as some kininogens
were reported to be (10).

Nishida et al. (32) reported that human malignant melanoma
cells secreted two kinds of TPI with molecular weights of 56,000
and 9,800-10,800. In order to ascertain the origin of ascites
TPI, the serum-free conditioned medium of cultured Sarcoma
180 and the cell homogenate were subjected to detection of TPI
by means of papain inhibition and TPI RIA. However, neither
detectable TPI activity nor immunoreactivity was found in those
samples (data not shown). In addition, data from immunoblot
analysis indicated that a protein indistinguishable from ascites
TPI with respect to either molecular weight or immunoreactiv-

"*,/>< o.ooi; byStudent'st test,m,M. ity is present in plasma of non-tumor bearers. This evidence

indicates that the origin of ascites TPI is the host rather than
the tumor cells. Kininogens are plasma proteins synthesized
mainly in liver (for review, see Ref. 27). Therefore, the origin
of ascites TPI seems to be plasma TPI which is synthesized and
secreted by the liver. In fact, our preliminary experiments
showed that the hepatocytes in primary culture, which were
prepared from normal adult mice, secreted a significant amount
of TPI immunochemically identical with the ascites TPI.

The development of a TPI RIA method made it possible to
determine the plasma levels of TPI. In parallel with tumor
growth, elevations of plasma TPI level were observed. A similar
response is found in plasma proteins, designated acute-phase
reactants, in the inflammatory condition (33). Actually, TPI in
rat plasma has been known to be an acute-phase reactant (34),
and the protein has recently been identified to be T-kininogen
structurally related to low-molecular-weight kininogen (18, 35).
While it is well known that the levels of endogenous serine-
proteinase inhibitors, including a,-antitrypsin, a2-antichymo-
trypsin, and Cl inactivator, belonging to the family of acute-
phase reactants, are elevated in plasma in patients with various
types of cancer as well as inflammatory disease (36-38), the

the i.p. inoculation of Sarcoma 180, which was almost equal to
the level in plasma.

Inhibitory Effect of TPI on the Growth of Sarcoma 180 Tumor
Cells in Vitro. Elevation of TPI levels in plasma or ascitic fluid
during the course of tumor growth suggested a type of host
response for countering tumor growth. In order to ascertain
this possibility, the effect of TPI on the growth of the cultured
Sarcoma 180 tumor line during the logarithmic growth phase
was evaluated in vitro by determining the [3H]thymidine incor

poration and the DNA content per well (Fig. 4). The addition
of TPI to the culture medium caused a dose-dependent reduc
tion of | 'H|thymidinc incorporation into the acid-insoluble

material of Sarcoma 180 tumor cells (Fig. 4/1). The effect was
observed at a concentration of less than 3 Mg/ml in culture
medium. In contrast, the [3H]thymidine incorporation into the
acid-insoluble fraction of primary cultured mouse embryo cells,
which were used as normal cells, was significantly increased
rather than decreased by the addition of TPI (Fig. 4A). Similar
results were obtained with regard to the DNA contents (Fig.
4B): the DNA contents of cultured Sarcoma 180 cells were
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in culture medium of tumor expiants (4, 42) and tumor cells 19
(43, 44). Transformed cells have been known to secrete a
glycoprotein, termed major excreted protein (45), which has 20
recently been identified to be a possible precursor of cathepsin
L-like thiol proteinases (46, 47). The protein is secreted from
transformed murine fibroblasts in larger amounts than from
the untransformed parent cells (45) and is an acid-activable
cathepsin which is able to digest a variety of proteins including
extracellular matrix proteins (47, 48). Proteolytic treatment 23
temporarily releases normal fibroblasts from contact inhibition
of cell growth (49, 50), and induces the appearance of surface 24
properties characteristic of transformed cells (51, 52). Some
proteinase inhibitors of serine proteinases have been found to
selectively inhibit the growth of transformed cells but not that 25
of nontransformed cells (53). Inhibitors of thiol proteinase,
such as antipain, chymostatin, and leupeptin have also been
reported to inhibit chemical transformation as well as the
growth of transformed cells (54). Although the possible mech- 27

anisms by which TPI inhibits the growth of Sarcoma 180 and 28
stimulates that of mouse embryo cells remain to be investigated,
our present study would seem to support a possibility that
endogenous TPIs affect tumor growth by regulating the activity
of thiol proteinase secreted from tumor cells. Further studies 30
are now in progress in our laboratory to determine the action
of TPI on the growth of both tumorous and nontumorous cells. 31
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