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Isolation of a1-Protease Inhibitor from Human

Normal and Malignant Ovarian Tissue
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A B S T RA C T Proteolytic enzymes are associated
with normal and neoplastic tissues. Therefore protease
inhibitors might also be involved in the control of cell
function. a1-protease antigen and antitryptic activity
have been found in normal and neoplastic human ovar-
ian homogenate. The inhibitor has been localized to
ovarian stromal cells or tumor cells by immunoperoxi-
dase staining. The protein was purified to apparent
homogeneity as judged by alkaline gel and sodium
dodecyl sulfate (SDS) gel electrophoresis. Immuno-
chemical studies revealed antigenic similarity to
plasma a,-protease inhibitor by double immunodif-
fusion and similar mobility on immunoelectrophoresis
and two-dimensional electroimmunodiffusion. The
molecular weight was similar to that described for
plasma a,-protease inhibitor: 60,000 by gel filtration
and 53,500 by SDS electrophoresis. Furthermore, the
phenotypic pattern as deterrnined by acid starch gel
electrophoresis and immunoprecipitation was PiMM,
which is the predominant genetic variant in normal
plasma a,-protease inhibitor. An inhibitor was isolated
and purified from an ovarian carcinoma that exhibited
functional, immunochemical, and physical similarity
to the normal ovarian a1-protease inhibitor. a1-protease
inhibitor from normal and malignant ovaries competi-
tively inhibited bovine pancreatic trypsin at incubation
times of 5 min at 30°C. Inhibition constant (K1) values
were calculated at 0.67 and 0.51 inhibitory units, re-
spectively. The a1-protease inhibitor in malignant cells
may be a factor in the control of proliferation in this tis-
sue. Since ovulation is in part a proteolytic event, the
a1-protease inhibitor in ovarian cells may play a role in
the control of this specialized tissue. Persistance of this
protein in malignant ovarian tissue may be a vestige of
its differentiated origin.
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INTRODUCTION

a1-Protease inhibitor (a1-antitrypsin) is a glycoprotein
that probably functions as the major inhibitor of tissue
proteases including trypsin (1), chymotrypsin (1),
elastase (2), collagenase (3), and renin (4). The
importance of a1-protease inhibitor in human disease is
indicated by the observation that its deficiency is
associated with pulmonary emphysema (5, 6) and liver
disease (7, 8). Direct and indirect evidence suggests
that the liver is the site of synthesis of the plasma a,-
protease inhibitor (9-12). However, the action of this
inhibitor is directed primarily toward tissue rather than
plasma proteolytic enzymes, suggesting that it might
also be synthesized in cells and tissue aside from the
liver. The occurrence of a,-protease inhibitor in extra-
hepatic sites may be important, since certain protease
inhibitors inhibit the growth of tumor cells (13, 14) or
the process of transformation (15). Thus, the increased
level of protease activity in malignant cells (16, 17)
might be due to a deficiency of protease inhibitors in
these cells. In addition, the role of proteolysis in such
physiological events as ovulation (18), suggests that
inhibitory function might exist for tissue a1-protease
inhibitor, were it present.

In this study ovarian tissue was selected for detailed
examination for three reasons. The ovary with its
hormonally controlled cyclic proliferation and involu-
tion represents a tissue capable of high levels and
diversified types of protein synthesis. Malignant and
normal tissue can be obtained in reasonable amounts
for protein isolation. A discrete physiological function,
that of ovulation, is known to be associated with
proteolytic activity involving trypsin-like enzymes
(18). This study demonstrates that ovarian stromal cells
contain a1-protease inhibitor and that the major trypsin
inhibitory activity of ovarian tissue is due to this
inhibitor. The a,-protease inhibitor has been purified
and characterized from normal and malignant cells and
this appears to be conserved in neoplastic cells.
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Finally, the occurrence of this inhibitor in the ovary
invites future exploration of its role in ovulation.

METHODS

Ovary procurement. Three normal, one polycystic, and
five malignant ovaries were obtained from nine patients dur-
ing surgery. A representative portion was removed and fixed
in Bouin's solution, dehydrated, and embedded in paraffin
blocks. Sections from all nine were used for hematoxylin and
eosin staining and for immunoperoxidase studies for a,-pro-
tease inhibitor (see below). Three ovaries were selected for in
depth study of the a,-protease inhibitor. One was a normal
postmenopausal ovary without follicles (B.L.), the second a
polycystic ovary with multiple follicles (A.S.), and the third
was a mucinous cystadenocarcinoma containing no follicles
(G.B.). These were used for preparation of tissue homogenates
for isolation of a,-protease inhibitors.

Immunocytochemical techniques. Immunoperoxidase re-
actions for a1-antitrypsin were tested on unstained, deparaffin-
ized, and hydrated 6 um sections, by using commercially
available reagents (see "Antisera") and brief rinses with 0.1 M
sodium phosphate buffer pH 7.4 containing 0.15 M NaCl
(PBS)l between steps, in a three-layered immunoenzyme
bridge technique with unlabeled antibody and soluble peroxi-
dase-antiperoxidase complex (19). The technique involved
slide incubation in a moist chamber, and the following
timed application sequence: (a) 1:40 rabbit anti-human a,-
antitrypsin, prepared by diluting the antiserum 1:20 with PBS,
then adding an equal volume of undiluted normal goat serum,
30 min; (b) undiluted normal goat serum, 15 min; (c) 1:50 goat
anti-rabbit IgG, using a 1:25 dilution with PBS, then addition
of an equal volume of 1:10 normal goat serum diluted with
PBS, 30 min; (d) 1:50 peroxidase-antiperoxidase complex,
diluted 1:25 with PBS, then 1:10 normal goat serum, 30 min;
(e) 3,3'-diaminobenzidine/hydrogen peroxide solution, pre-
pared immediately before use, by dissolving 5 mgof diamino-
benzidine in 10 ml of 0.05 MTris HCI buffer, pH 7.2, then
adding four to five drops of 3%H202, 5-10 min; followed by
counterstaining, dehydration, permanent mounting, and ex-
amination by light microscopy (20).

The specificity of the primary antiserum was tested before
use by double diffusion (21). For control, primary antiserum
was replaced with normal rabbit serum, PBS, or absorbed
primary antiserum.

Chemicals. Acrylamide, N,N'-methylene-bis-acrylamide,
N,N,N',N'-tetramethylene diamine were obtained from Bio-
Rad Laboratories, Richmond, Calif. Coomassie blue was ob-
tained from Ames Co., Div. of Miles Laboratories, Elkhart, Ind.
Ammonium persulfate was purchased from Fisher Scientific
Co., Pittsburgh, Pa. Agarose from Litex Co., Copenhagen, Den-
mark. Plates containing 1%agarose for double diffusion were
obtained from Hyland Diagnostics Div. Travenol Laboratories,
Costa Mesa, Calif. Hexadimethrene bromide (polybrene) was
obtained from Abbott Laboratories, North Chicago, Ill. Dithio-
threitol, dextran blue and 3,3'-diaminobenzidine were from
Sigma Chemical Co., St. Louis, Mo. Sodium dodecyl sulfate
was obtained from Schwartz/Mann Div., Becton, Dickinson &
Co., Orangeburg, N. Y. QAE-Sephadex, Sephadex G-200,
Sepharose-4B, concanavalin A (Con A)-Sepharose and Blue
Dextran 2000 were obtained from Pharmacia Fine Chemicals,
Div. Pharmacia Inc., Piscataway, N. J. Preswollen DEAE-
cellulose was purchased from Whatman Inc., Clifton, N. J. All
other chemicals were reagent grade.

' Abbreviation used in this paper: PBS, 0.1 M phosphate-
buffered saline (pH 2.4) containing 0.15 M NaCl.

Molecular weight standards. For the calibration of gel
filtration columns the following standards were obtained from
Sigman Chemical Co.: twice crystallized bovine serum albu-
min, a-chymotrypsinogen (bovine pancreas, type II, six times
crystallized), ovalbumin (crystallized and salt free), and
human y-globulin.

Substrates. Benzoyl-L-phenylalanyl-L-valyl-L-arginyl-p-
nitroanilide (Bz-Phe-Val-Arg-pNA) was purchased from Kabi
Peptide Research Molndal, Sweden. Bz-Phe-Val-Arg-pNA
was dissolved in distilled water, either by stirring for 1 h or by
sonication for four periods of 14 s each to yield a 1 mMsolution.
H, D-phenylalanyl-L-valyl-L-arginyl-p-nitroanilide (H-D-Val-
Leu-Lys-pNA) was purchased from Ortho Diagnostics, Rari-
tan, N. J., and 3 mMsolution was prepared in distilled water.
H-D-Glu-Gly-Arg-pNA was a gift from Kabi Peptide Research
Molndal, Sweden. Para-nitrophenyl-p-guanidinobenzoate
HCI was purchased from Vega Fox Biochemicals, Div.
Newbery Energy Tucson, Ariz. a-Casein was obtained from
Fisher Scientific Co. Benzamidine hydrochloride hydrate was
purchased from Aldrich Chemical Co., Inc., Milwaukee, Wisc.

Enzymes. Bovine pancreatic trypsin (crystallized three
times) treated with tosylphenylalanylchloromethyl ketone to
render it free of chymotryptic activity was obtained from
Worthington Biochemical Corp., Freehold, N. J. Plasminogen
was prepared by affinity chromatography (22) or was purchased
from Kabi, Stockholm, Sweden. Both preparations of plasmin-
ogen gave similar results. Varidase (Lederle Laboratories,
Div. American Cyanamid Co., Pearl River, N. Y.) was the
source of streptokinase. Human plasma kallikrein was pre-
pared in our laboratory by alcohol and salt fractionation and
ion exchange chromatography and was futher purified by gel
filtration (23). Urokinase was obtained from Calbiochem-
Behring Corp., American Hoechst Corp., San Diego, Calif.

Antisera. Antibodies prepared in rabbits against human
plasma proteins, anti-al-antitrypsin, anti-inter-a-trypsin inhib-
itor, anti-a2-macroglobulin, anti-Cl inhibitor, anti-thrombin III,
anti-transferrin, and anti-haptoglobin were obtained from
Behring Diagnostics, Somerville, N. J. Anti-a2 plasmin inhib-
itor was a gift from Dr. Aoki of Jichi Medical School, Japan.
Peroxidase conjugated to anti-rabbit gammaglobulin and goat
anti-rabbit IgG were purchased from N. L. Cappel Labora-
tories, Cochranville, Pa.

Column chromatography and gel filtration. QAEand G-
200 Sephadex and DEAE-cellulose were equilibrated with
the starting buffer according to the directions of the manufac-
turer, and were packed into columns by gravity. A standard
curve was constructed to estimate molecular weights by gel
filtration. The following proteins were used: human y-globu-
lin, bovine serum albumin, ovalbumin, and a-chymotrypsino-
gen. Sephadex G-200 filtration was carried out using a down-
ward flow column (1.6 x 86.5 cm) at a constant operating pres-
sure of 40 cm. Samples of up to 2%of the column volume were
applied. The flow rate was 8 ml/h.

Affinity chromatography. To remove albumin from puri-
fied inhibitor, a Con A-Sepharose column was used. A small
column (2 ml vol) was packed and equilibrated with 0.01 M
acetate buffer at pH 6.5 containing 0.2 MNaCl, 1 mMof each
CaCl2 and MnCl2. Inhibitor samples containing <10 mg total
protein were passed through the resin at 4°C. After the removal
of the unabsorbed proteins by the starting buffer, the inhibitor
was eluted from the Con A-Sepharose with a 0. 1-M solution of
a-methyl-D-glucoside in the 0.05 MTris buffer. 1-ml fractions
were collected and assayed for trypsin inhibition. For func-
tional studies, fractions containing the inhibitor were pooled
and stabilized with bovine serum albumin 100 ,ug/ml before
concentration. The recovery of inhibitor is generally -75%
based on the total trypsin inhibitory capacity of the material
applied to the column.
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Gel electrophoresis. Analytical polyacrylamide disc gel
electrophoresis was performed according to Davis (24). Sam-
ples in 4% sucrose were applied to 7% polyacrylamide gels,
and electrophoresis was carried out for 2 h at 4°C, 2.5 mAper
gel. To locate protein bands, gels were stained for 3 h with
0.1% Coomassie blue. Polyacrylamide gel electrophoresis in
sodium dodecyl sulfate was performed according to Weber
and Osborn (25). A standard curve for the calibration of the
molecular weights was constructed using the molecular weight
markers for sodium dodecyl sulfate gel electrophoresis, ob-
tained from BDHChemicals Ltd., Poole, England.

Tissue homogenization and subcellular fractionation.
Tissues were obtained from surgery and carefully washed free
of any adhering blood clots and frozen immediately if not
processed right away. All operations were carried out at 4°C.
Each 10 g of fresh or frozen tissue was cut in small pieces
(-3 mmthick) and rinsed with 150 ml ice-cold solution of 0.25
M sucrose in 0.01 MTris-Cl buffer pH 7.4 containing 1 mM
EDTA, azide, benzamidine, and 50 ,ug per ml hexadimethrine.
Rinsing was repeated three times for 30 min. Tissue slices
were then placed on a stainless steel sieve (40 mesh) and
rinsed once more with 50 ml of the above buffer. The rinsed
tissue was then pressed through the sieve and taken up in the
same buffer (6 mllg tissue) and homogenized in small aliquots
using an all-glass loose-fitting homogenizer of Dounce type.
The final homogenate was taken up in a total of 10 ml buffer/g
tissue. Subcellular fractions were then prepared by the general
method of differential centrifugation (26). Lysosomes were
further purified from the light mitochondria by sucrose density
gradient centrifugation (27). To solubilize lysosomal contents,
deoxycholate solution at final concentration of 0.5% was added
to the suspended lysosomes in 0.0035 M phosphate buffer,
containing 0.06 M NaCl, pH 8.0, and incubated at 0°C for 30
min before centrifugation for 30 min at 12,000 g to obtain clear
supemate.

Ammonium sulfate precipitation. Saturated ammonium
sulfate solution adjusted to pH 7.0 by the addition of 1 M
NaOHsolution, was added to the 100,000g supernate from
rinsed homogenized tissue or solubilized lysosomal contents
at 0°C with constant stirring. After 45 min the precipitate was
collected by centrifugation at 3,000 g at 4°C for 30 min and
redissolved in the 0.01 M Tris-HCI buffer, pH 8.0. Samples
were dialyzed against 0.05 MTris buffer, pH 8.0, overnight.

Immunological analysis. Double-immunodiffusion was
performed by the method of Ouchterlony (21) using 1%agarose
plates. Radial immunodiffusion was performed by a minor
modification of the method of Mancini et al. (28) with a final
concentration of 1% agarose in barbital buffer, pH 7.6, 1:36
dilution of antiserum, and 0.01% merthiolate. Immunoelectro-
phoresis was performed by the method of Scheidigger (29),
using 1%agarose plates. Crossed immunoelectrophoresis was
carried out according to Laurell (30) with minor modifications.
a-protease inhibitor phenotyping was carried out according
to Fagerhol and Laurell (31).

Preparation of immobilized trypsin. Sepharose4B was
activated by cyanogen bromide and coupled to bovine trypsin
by the method of Cuatrecases (32) as previously described (33).
Trypsin (100 mg) in 25 ml of 0. 1 Msodium bicarbonate, pH 8.9,
was added to the activated agarose slurry containing 40 ml resin
and 25 ml of the above buffer. The concentration of active tryp-
sin in solution or bound to agarose was determined by the ac-
tive site titration method of Chase and Shaw (34). Approxi-
mately 1 mg trypsin was linked to each milliliter of resin.

Inhibition of trypsin amidase activity. Inhibition by cell
components was determined by measuring the degree of hy-
drolysis using a tripeptide p-nitroanilide substrate. Up to 0.30
ml of sample from different stages of purification was mixed
with 0.05 MTris imidazole buffer, pH 8.1, containing 0.1 M

NaCl and 0.5 mg/ml bovine serum albumin (in a total volume
of 0.9 ml), and 0.01 ml of trypsin (0.3 jig). The mixture was in-
cubated at 30°C for 5 min unless otherwise stated. At the end
of the incubation period, 0.1 ml of 1 mMsubstrate Bz-Pro-Val-
Arg-pNA was added and incubated for 2 min. The reaction was
stopped by the addition of 0.1 ml glacial acetic acid and the
color formed measured at 405 nm with a Gilford 240 spectro-
photometer (Gilford Instrument Laboratories, Inc., Oberlin,
Ohio). The blanks did not contain trypsin and the control
contained buffer instead of sample.

Inhibition of trypsin proteolytic activity. A mixture of up
to 0.3 ml 0.1 Mphosphate buffer at pH 7.65, 0.01 ml trypsin
(0.3 ,ug), and bovine serum albumin at a final concentration of
0.5 mg/ml was incubated for 4 min at 30°C. The degree of
hydrolysis of casein and the extent of the inhibition were
determined according to the method of Alkjaersig et al. (35).

Inhibitor units. Hydrolysis of Bz-Pro-Val-Arg-pNA and H-
D-Val-Leu-Lys-pNA was linear for at least 3 min under the
experimental conditions. In the trypsin or plasmin amidase
assays, when the remaining enzymes' activity was plotted on a
semilog graph against the concentration of the inhibitor, a
linear relationship was obtained. Therefore, we arbitrarily
chose 1 U of inhibitor to be equal to that amount that could
inhibit 50% of trypsin (0.30 ,g) or plasmin (0.05 casein units)
activity.

Inhibition of plasmin amidase activity. The tripeptide
substrate, H-D-Val-Leu-Lys-pNA was used. Up to 0.3 ml of
inhibitor source was mixed with 0.05 MTris-Cl buffer at pH
7.4, containing 1 mg/ml bovine serum albumin in a total volume
of 0.9 ml; and 0.01 ml of plasmin (0.05 casein units). After in-
cubation of the mixture for 5 min, 0.1 ml ofthe substrate (3 mM)
was added and further incubated for 3 min. The reaction was
stopped by the addition of 0.1 ml of 50%glacial acetic acid and
the color formed measured at 405 nm. The blanks did not
contain plasmin and the controls contained buffer instead of
sample.

Affinity chromatography of trypsin inhibitors. To selec-
tively isolate trypsin inhibitors, soluble fraction or lysosomal
content from various tissues were exposed to trypsin-sepha-
rose columns (36), equilibrated with 0.05 M Tris-Cl buffer,
pH 7.4 containing 0.13 MNaCI, at 4°C. The resin was further
washed with 0.3 M NaCl, 0.02 M CaCl2 solution (twice the
column volume) and the trypsin inhibitors were eluted with
0.02 MHC1 containing 0.3 MNaCl, 0.02 MCaCl2.

Determination of protein concentration. Fractions ob-
tained from chromatography were examined for their absorp-
tion at 280 nm. For a more sensitive estimation of the protein
concentration, the micro-Folin-Ciocalteu method was used.
The specific activities of inhibitors were expressed as units
per milligram protein.

Concentration of protein samples. Fractions containing
various inhibitory activities were pooled and concentrated
in an Amicon ultrafiltration device (Amicon Corp., Scientific
Sys. Div., Lexington, Mass.) using a YM-10 membrane.

RESULTS

Demonstration of a,-protease inhibitor in ovaries by
the indirect peroxidase reaction. The presence of ai-
protease inhibitor antigen in formalin-fixed paraffin
sections of nine freshly removed ovaries was shown by
the use of specific al-protease inhibitor antibody and a
binding antibody conjugated to peroxidase. In normal
ovaries the reaction product (representing antigen) was
intense in the germinal epithelium covering the
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FIGURE 1 Immunocytochemical localization of a1-antitrypsin in ovaries by indirect peroxidase-
antiperoxidase procedure. All frames are light micrographs. Frame A establishes the specificity of
the antibody and peroxidase reaction by showing the absence of reaction product when normal
rabbit serum was substituted for specific antibody in the primary step. This was used as a control
for all ovaries examined. Note the absence of reaction product from stromal cells whereas faint
reaction product is present in vessels indicating the presence of endogenous peroxidase in the
blood cells, x400. Frames B-F show the distribution of dense (dark) reaction product which corre-

sponds to distribution of a,-antitrypsin antigen when specific a,-antitrypsin antibody was used in
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ovary and specially in the stromal cells of the cortex
(Fig. 1). In contrast, the follicular cells and the intersti-
tial space were essentially free of reaction product.
Samples that were not exposed to the specific antibody
for a1-protease inhibitor before exposure to the peroxi-
dase conjugate and substrate showed no reaction prod-
uct in ovarian cells or interstitial space, but the cell-
filled blood vessels developed a faint reaction product
with the substrate alone, indicating the presence of
endogenous peroxidase in the blood cells. This has
been demonstrated for the granules of granulocytes as
well as for hemeproteins (20). In the malignant tissue
the reaction product was more dense but very irregularly
distributed in the stroma and confined to only some of
the stromal cells but most of the tumor cells. All corpora
lutea were completely devoid of reaction product or
were barely visible. Nine ovaries, (three normal, one
polycystic, and five malignant) from nine patients, all
showed the same pattern of distribution of a,-protease
inhibitor antigen.

Identification of a,-protease inhibitor in ovarian
homogenate subfractions by immunochemical charac-
teristics and inhibitor activity. Subcellular fractions
of a normal ovary (B.L.), a polycystic ovary (A.S.), and
an adenocarcinoma of ovary (G.B.) were prepared as
described in Methods. In the nonmalignant ovary (A.S.)
(Fig. 2a) the antigen detected, a,-protease inhibitor,
was found in the homogenate (not shown) and soluble
fraction (well 3). The Triton-solubilized membrane
fraction showed a faint line (well 4). Both cell fractions
demonstrated complete identity with plasma a,-pro-
tease inhibitor (wells 2, 5). The concentration of al-
protease inhibitor in the soluble fractions of normal
ovary (B.L.) and polycystic ovary (A.S.) were 30 and 9
,ug/mg protein, respectively, using radial immuno-
diffusion.

The ovarian carcinoma (G.B.) (Fig. 2b) soluble frac-
tion (well 1) showed complete identity with plasma a,-
protease inhibitor (well 2). The membrane fraction
solubilized in Triton (well 3) also showed a line of
identity with plasma a1-protease inhibitor (wells 2 and
4). Solubilization of the membrane in deoxycholate
(well 5) completely interfered with the antigen anti-
body reaction. The soluble fraction from normal ovary
tested by radial immunodiffusion showed small amounts

of a1-antichymotrypsin (5.9 jig/mg protein) and inter-
a-antitrypsin (3 Ag/mg protein). Soluble and lysosomal
fractions from carcinoma (G.B.) also showed the pres-
ence of small amounts of inter-a-antitrypsin. The con-
centration of a1-protease inhibitor in the soluble frac-
tion was assayed at 18 ,ug/mg protein using radial
immunodiffusion.

To study the electrophoretic mobilities of a1-pro-
tease inhibitor from various sources, soluble fractions
from normal ovary (A.S.) and ovarian carcinoma (G.B.)
were compared to plasma a1-protease inhibitor by
immunoelectrophoresis (Fig. 3). A similar mobility to
plasma a1-protease inhibitor (B) was found for neo-
plastic (A) and normal (C) ovary when monospecific
antiserum against a1-protease inhibitor I and II
were used.

Functional localization of trypsin inhibitors. Sub-
cellular fractions from normal (A.S.) and malignant
(G.B) ovary were tested for trypsin inhibition using
peptide substrate (Bz-Phe-Val-Arg-pNA). Trypsin in-
hibitory activity was present mainly in the soluble frac-
tion (80% of the total activity). Lysosomal and mem-
brane fractions contained 11.2 and 8.4% of the total
activity. About 75% of the antitrypsin activity in the
soluble fractions was located in the 50-80% saturation
precipitate of ammonium sulfate and the remaining
25% of the activity was in the 25-50% saturation frac-
tion. The homogenate and subcellular fractions of nor-
mal and malignant ovaries (80-100 ,ug total protein)
were tested for urokinase inhibition. No inhibitory
activity was found. The soluble fractions of normal and
malignant ovaries revealed low levels of antiplasmin
activity using H-D-Val-Leu-Lys-pNA. This activity is
precipitated by ammonium sulfate at 25-50% saturation.

Purification of a,-protease inhibitor. Since the
major portion of cellular a,-protease inhibitor was
found in the soluble fraction, this fraction was used as
the source for the a1-protease inhibitor purification.
The normnal ovary obtained from B.L. was fractionated
as described in Methods. The a,-protease inhibitor was
localized in soluble and membrane fractions, while the
antitrypsin activity was also present in the lysosomes.
Similar results were obtained for the tissues of A.S. and
G.B. Results of the QAE-Sephadex chromatography on
the normal ovary soluble fraction are presented in Fig.

the primary step in staining both normal and neoplastic ovaries. Frame B shows part of a normal
ovarian cortex containing intense reaction product in epithelial and stromal cells, x400. Frame C
shows ani ovary with carcinoma with no reaction product in the typical tubular structures lined by
clear and "hobnail" cells, whereas several cells in the stromal cytoplasm showed positive a1-anti-
trvpsin reaction, x400. Frame D shows at higher magnification serial section of the ovarian carci-
nomiia shown in Frame C. Antigen is present in many stromal cells, x500. Frame E shows an ovary
with carcinoma with numerous cytoplasmic globules in necrotic region. The amount of stored cal-
antitrvpsin in the tumor globules as revealed by the peroxidase-antiperoxidase technique is quite
irregular, x400. Frame F shows an ovary with carcinomiia vith maniy tumor cells containiing a1-anti-
trypsin x450.
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FIGURE 2 Double immunodiffusion of soluble and mem-
brane fractions of normal and malignant ovaries. Plate a repre-
sents normal ovary samples: well 1, 10 ,l soluble fraction;
wells 2 and 5, 8 ,ul of 1:20 diluted sample of pooled normal
plasma. Well 3 contains 20 Al of soluble fraction, and well 4
15 ,AI of the membrane solubilized in Triton X-100. Plate b
represents ovarian carcinoma: well 1 20 uAX of soltuble fraction;
wells 2 and 4, 8 ,ul of 1:20 diluted normal pooled plasma; well
3,20 ,ul of membrane solubilized in Triton X-100, well 5,20 Al
of membrane solubilized with deoxvcholate. Center wells
contain 7 IAI of a,-protease inhibitor antiserumil.

4. A single trypsin inhibitory peak as measured against
the amide substrate Bz-Phe-Val-Arg-pNA was eluted
following the salt gradient, coincident with the a,-pro-
tease inhibitor antigen peak. Fractions indicated by the
bar, containing the inhibitory activity and the a,-pro-
tease inhibitor antigen were pooled, concentrated, and
gel filtered through a Sepharose4B column (Fig. 5). A
single peak oftrypsin inhibitor activity that also demon-

strated a1-protease inhibitor antigen (not shown) was
located in a region corresponding to -60,000 mol wt.
When fractions were tested for human plasmin inhibi-
tion using H-D-Val-Leu-Lys-pNA peptide substrate, a
small but distinct inhibitory activity was found under
the antitrypsin peak. Alkaline disc gel analysis of the
Sepharose4B peak revealed several contaminating
proteins including one with similar mobility to a,-
glycoprotein. Therefore, this material was further puri-
fied by chromatography on DE-52 cellulose at pH 6.5
(37). Results of the chromatography are summarized in
Fig. 6. After removal of the unadsorbed proteins, the
antitrypsin activity was eluted by applying a linear salt
gradient (arrow) up to 0.2 MNaCl. Fractions containing
the antitrypsin activity were pooled, concentrated, and
dialyzed against 0.01 M Na-acetate buffer at pH 6.5
containig 0.2 M NaCl, 1 mMCaCl2, and 1mMMgCl2.
To remove the major contaminant albumin, the sample
was passed through Con A-Sepharose equilibrated
with the above acetate buffer (Fig. 7). After complete
removal of the unadsorbed proteins by the starting buf-
fer, the a1-protease inhibitor was eluted by 0.1 Ma-D-
methyl-glucoside in a single symmetrical peak corre-
sponding to a discrete protein peak. Similar procedures
were applied for the purification of a1-protease inhibi-
tor from the ovarian carcinoma. No major differences
were noted in the chromatographic patterns compared
to normal ovary.

The entire purification is summarized in Table I for
both normal and malignant ovaries. On the basic of
trypsin inhibitory activity an overall purification of 16-

FIGURE 3 Immunoelectrophoresis of soluble fraction from normal and malignant ovaries. Wells
contain the following samples: A, soluble fraction from ovarian carcinoma; B, diluted normal
plasma; C, soluble fraction from normal ovary. In each case samples contained -50 ,ug of total
protein. Troughs I and II contained 60 ,ul of a,-protease inhibitor antiserum.
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FIGURE 4 QAE-Sephadex chromatography of the normiial
ovary soluble fraction. A total of 60 mig protein was applied
onto a 1.6 x 15-cm column equilibrated with 0.0035 Mphos-
phate buffer containing 0.06 M NaCl at pH 8.0. As indicated
by the arrow a gradient consisting of 150 ml of starting buffer
in the mixing chamber and 150 ml of the same buffer con-
taining 0.7 MNaCl in the reservoir was started. 3.3 ml fractions
were collected. x indicate A280; 0 antitrypsin activity; 0 a1-
protease inhibitor antigen.

and 20-fold were obtained from normal and malignant
ovaries, respectively. If one calculates the purification
on the basis of a,-protease inhibitor antigen higher
values of 30- and 44-fold were obtained. This apparent
discrepancy is because of the inclusion of tryptic inhib-
itory activity due to other inhibitors distinct from a1-
protease inhibitor in the starting soluble fraction. The
yield for a1-protease inhibitor from both normal and
malignant ovary, based on the antigen data is -20%.

To demonstrate the homogeneity of the preparation,
three criteria were chosen. An alkaline disc gel electro-
phoresis of highly purified preparation of a,-protease
inhibitor (Fig. 8) obtained from normal and malignant
ovaries revealed a single major protein band. The pro-

b0 100 I iO
Froction number

FIGURE 5 Sepharose-4B gel filtration. The pooled and con-
centrated fractions 56-63 (I , Fig. 3) from QAE-
Sephadex (14 mg total protein) were gel filtered through a
1.6 x 86.5 cm column equilibrated with 0.01 M Tris-Cl con-
taining 0.13 M NaCl at pH 7.4. Fractions of 1.3 ml vere
collected. Svmbols samiie as Fig. 4 bout in addition A represent
antiplasma activitv.
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FIGURE 6 DEAE-cellulose chromatography. Fractions 108-
122 (1 |. Fig. 5) from Sepharose-4B vere pooled, con-
centrated and applied (1.25 ml) onto a 1.5 x 8-cm column
equilibrated writh 0.005 MI phosphate buffer containing
0.05 M NaCI, pH 6.5. As indicated by the arrow a gradient
consisting of 200 ml of the above buffer in the mixing
chamber and 200 ml of the same buffer containing 0.2 NaCl
in the reservoir was started. 5-ml fractions were collected.
Symbols are the same as Fig. 3.

tein that represents >90% of the total protein had a
mobility similar to a1-protease inhibitor. To demon-
strate that the major protein band represents the puri-
fied a1-protease inhibitor, crossed two-dimensional
immunoelectrophoresis was performed. A duplicate
unstained gel was placed in a 1%agarose containing 1%
(vol/vol) a,-protease inhibitor antiserum immediately
after disc gel electrophoresis and the proteins were
subjected to electrophoresis into the second dimension.
The rockets formed (Fig. 8) correspond to the region of
the gels where the major protein bands migrated. In the
normal ovary (Fig. 8A) the rocket was symmetrical, but
in the ovarian carcinoma (Fig. 8B) a slower migrating
shoulder appeared in front of the main rocket suggest-
ing microheterogeneity. Analysis of the phenotype of
the purified a,-protease inhibitor revealed a normal
(PiMM) pattern for both normal and malignant ovaries.
Both the normal and malignant ovaries show a major
band on sodium dodecyl sulfate gel electrophoresis
corresponding to a molecular weight of 53,500 (Fig. 9).
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FIGURE 7 Con-A-Sepharose affinity chromatography. The
preparation obtained from DEAE-cellulose (J |, Fig. 6)
was pooled and concentrated and 3 ml were applied onto a 1.5-
ml (packed volume) resin in a Pasteur pipette (See text).
Elution of the a-,-protease inhibitor was initiated at the
arrow with 0.1 M solution of ac-methyl-D-glucoside in tris
buffer (Methods). 1-ml fractions vere collected with a flow
rate of 7-mIl/h. Svmbols are the same as Fig. 4.
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TABLE I
Purification of Ovarian a,-Protease Inhibitor

Trypsin
inhibitory Specific Specific

Protein Volume activity activity Purification a,-PI activity Purification Yield

m1g/lml ml U/ml Ulmg ,ug/ml Ag/mg %
From normal ovary

Soluble fraction 1.335 45 130 97.4 1 40 30.0 1 100
QAEpool 3.95 4 875 222 2.3 310 78.5 2.62 69
Sepharose-4B pool 2.50 3 780 312 3.2 300 120 4 50
DE-52 7.2 -
Con-A Sepharose 0.084 4.30 130 1,550.6 16 76 905 30.2 18.2

From ovarian carcinoma
Soluble fraction 1.65 25 66.5 40.3 1 30 18.2 1 100
QAEpool 4.25 4.3 266 62.6 1.5 160 37.2 2.1 92
Sepharose-4B pool 3.73 3.55 300 80.5 2 164 44.0 2.42 78
DE-52 - 6.66 - -
Con-A Sepharose 0.06 3.55 90 820 20.3 47.6 793 43.6 22.5

All protein determinations were performed by micro Folin method, a1-protease inhibitor micrograms per milliliter
was determined immunochemically as is the specific activity micrograms per milligram.

Kinetic studies. The inhibition of bovine trypsin by tion of trypsin is observed by a,-protease inhibitor from
ovarian a1-protease inhibitor at various substrate (Bz- normal ovary and ovarian carcinoma. Inhibition con-
Phe-Val-Arg-pNA) concentrations is presented by the stant (K1) values are calculated at 0.67 and 0.51 U,
Lineweaver-Burk plot in Fig. 10. A competitive inhibi- respectively.
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FIGURE 8 Crossed immunoelectrophoresis of purified a,-protease inhibitor. Tubes 15-20, Fig. 7
were pooled and concentrated. In the first dimension, a,-protease inhibitor obtained from con-
canavalin A-Sepharose step was applied onto alkaline disc gel (total protein used was 5 ,ug
for normal ovary (A) and 4.2 ug for ovarian carcinoma (B). One gel was stained (presented in
the figure). In the second dimension, a duplicate gel was electrophoresed into the antibody
containing agarose gel (see text for detail). The plates were stained with Coomassie blue to
visualize the immutine precipitate (rocket).
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1 ~2
FIGURE 9 Sodium dodecyl sulfate gel electrophoresis of the
highly purified a,-protease inhibitor. Preparations obtained
from concanavalin A-Sepharose were used. The total proteins
used were 5-,ug for a,-protease inhibitor from normal ovary
(gel 1) and 4 ,ug for a1-protease inhibitor from ovarian
carcinoma (gel 2).

DISCUSSION

a1-Protease inhibitor was identified immunohistochemi-
cally in epithelial, stromal and tumor cells of nine
ovaries from nine patients by the use of specific anti-
a,-protease inhibitor antibody and the indirect peroxi-
dase method. The interstitial space in the ovaries was
essentially free of reaction product. Protease inhibitor
from three ovaries was isolated, purified, and studied
for its molecular, antigenic, and inhibitory activity.

Using the soluble fraction of the ovarian cell homog-
enates as a source of a1-protease inhibitor, purification
by ion exchange chromatography, gel filtration, and
lectin affinity chromatography resulted in a preparation
that revealed a singel band on polyacrylamide disc gel
electrophoresis in the presence and absence of sodium
dodecyl sulfate. Crossed immunoelectrophoresis
demonstrated that this protein band was identical to the
a,-protease inhibitor antigen in plasma. Although a,-
protease inhibitor from normal and malignant cells
were similar in migration, a slower migrating shoulder
was evident in the preparations of the a1-protease in-
hibitor from malignant tissue. The similarity to plasma

-20 -10 0 10 20 30 40 50 60 70
/ [B PVApNA]mM-'

FIGURE 10 Kinetics of the inhibition of bovine trypsin by
a,-protease inhibitor from ovarian tissue. In a total of 1 ml vol,
0.25 jig bovine trypsin was incubated with 0.1 M Tris
imidazole buffer at pH 7.4 containing 0.1 M NaCl and
0.5 mg/ml bovine serum albumin (x) or buffer plus 0.53 ,ug
a,-protease inhibitor from malignant ovary (a) for 5 min at 300.
Bz-Phe-Val-p NAat various concentrations was added and the
residual amidase activity measured (Methods). The Con-A
preparations of a1-protease inhibitor were used.

a1-protease inhibitor is further supported by the finding
of a normal phenotype (PiMM). The molecular weight
of normal and malignant ovarian a1-protease inhibitor
as determined by gel filtration (60,000) and sodium
dodecyl sulfate-gel electrophoresis (53,500) were in
agreement with those reported for a1-protease inhibitor
from plasma (38, 39) and platelets (33).

Kinetics oftrypsin inhibition by highly purified ovar-
ian a1-protease inhibitor was competitive in nature
similar to the inhibition of trypsin by platelet a,-pro-
tease inhibitor and renin by plasma a1-protease
inhibitor (4).

This study clearly established that a,-protease activ-
ity is present in the cells of normal and malignant ovaries.
However, the evidence presented does not distinguish
between synthesis by ovarian tissue or endocytosis of
a1-proteinase inhibitor by ovarian cells. The presence of
a1-protease inhibitor in the stromal cells of ovaries may
be important in ovulation since stromal cells as well as
the epithelial (so-called germinal) cells participate in
the maturation of follicles, production of estrogen and
formation of the corpus luteum. Although the mecha-
nism of rupture of the mature follicle is not fully under-
stood, proteolytic enzymes may play a role. Plasmino-
gen activator has been shown to be involved in ovula-
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tion (40). Other enzymes have been isolated from sea
urchin eggs (41) including a homogenous enzyme simi-
lar to bovine trypsin in its molecular weight and sus-
ceptibility to inhibitors diisopropylfluro-phosphate
and soybean trypsin inhibitor (42). The presence of the
a,-protease inhibitor in ovarian tissue might serve to
prevent extensive autodigestion of the tissue by tryptic
enzymes following ovulation.

The number of samples examined in detail in this
study was too small to allow comparison of the level of
a,-protease inhibitor in normal and malignant ovarian
cells. However, several studies suggest that inhibitor
levels might be important, since increased protease
activity is associated with transformation and uncon-
trolled proliferation (43-46). Cancerous tisstues of the
bladder contained significantly higher levels of the
mammalian cellular protease inhibitors, urokinase in-
hibitor and tissue plasminogen activator inhibitor than
normal mucosa (47). Ascitic fluid from patients with
ovarian carcinoma contain much higher levels of trypsin
inhibitors compared to ascitic fluid from patients with
benign ovarian tumors (48). However, whether any of
these inhibitory activities were due to a1-protease
inhibitor is not known. a,-protease inhibitor has been
demonstrated by immunoflorescence in sections of
tumor tissue in patients with endodermal sinus tumors
(49, 50), but a quantitative comparison with comparable
normal tissue is not available. a,-protease inhibitor is
also synthesized by a human hepatoma cell line (51).
The presence of relatively high levels of a,-protease
inhibitor in normal ovarian tissue and in malignant
ovaries suggests that this inhibitor may be involved in
the regtulation of proliferation in normal and malignant
tissues.
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