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Proteases and inhibitors of proteolytic
activity are believed to be important in the
metabolism of malignant cells (1-12). Vari-
ous reports cite elevated levels of chymo-
trypsin, trypsin, and cathepsin-like enzymes
in transformed cells (1-6). The proteolytic
activity is believed to be responsible for
several properties of transformed cells, in-
cluding uncontrolled proliferation and in-
creased migration (3-5). Hydrolases also
are believed to play a role in metastases by
decreasing the cohesiveness between cells in
the primary tumor (9) and by breaking down
the intracellular matrix which holds the cells
together at the sites of metastases (10).
Naturally occurring inhibitors of proteolytic
activity are likewise observed in higher
amounts in neoplastic tissues (13, 14) and in
other conditions (13, 15-17). Naturally oc-
curring and synthetic protease inhibitors
have been reported to arrest cell growth of
tumor cells and transformed cells (7, 8, 11,
12).

Wasilauskas and Brecher reported the
presence of antiproteolytic activity in the
90,000g supernatant fraction of glioma,
ovarian carcinoma, and normal and malig-
nant breast and colon tissues (18). These
fractions contained nondialysable, heat
labile inhibitors of tryptic and chymotryptic
activity. This communication extends earlier
findings (18) and reports the presence of a;-
antitrypsin in the 90,000g supernatant frac-
tions of malignant and normal human breast
tissue of nonlactating women as well as
other tissues by radial immunodiffusion. This
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inhibitor and several other inhibitors of
chymotryptic and tryptic activity have been
extensively purified from breast tissue ex-
tracts by affinity chromatography on Sepha-
rose—chymotrypsin or Affi-Gel 10-chymo-
trypsin, representing a new and efficient
means of isolating the oj-antitrypsin. A
preliminary report has appeared elsewhere
(19).

Materials and methods. Twice crystallized
trypsin and three times crystallized a-chymo-
trypsin were obtained from Worthington
Biochemical Corporation, Freehold, NJ.
Hammersten casein, benzoyl-L-tyrosine ethyl
ester (BTEE) and hemoglobin were pur-
chased from Schwarz/Mann Research Labo-
ratories, Orangeburg, NY.

Bovine serum albumin, Cohn Fraction V
and heparin containing 158 USP-J-A units/
mg were obtained from Sigma Chemical
Corporation, St. Louis, MO. Affi-Gel 10 was
purchased from BioRad Laboratories, Rich-
mond, CA. Sepharose—chymotrypsin was
obtained as a gift from Owens-Illinois, To-
ledo, OH. N, N, N’, N’-Tetramethylethy-
enediamine, acrylamide and N, N methylene-
bis-acrylamide were obtained from Eastman
Kodak, Rochester, NY. Basic fuchsin and
Coomassie Brilliant Blue R-250 were pur-
chased from Fisher Scientific Company,
Fairlawn, NJ and Colab Laboratories,
Glenwood, IL, respectively. An a;-Trypsin
Inhibitor Quantitative Kit was purchased
from Miles Laboratories, Kankakee, IL.

Samples of normal and/or malignant
human breast, colon, ileum, anal, lung, and
stomach were obtained after surgery and
stored frozen until further use. The tissues
were thawed and homogenized 1:9 in either
0.32 M sucrose solution or 0.1 M Tris buffer,
pH 7.6 for 2 min using a Virtis homogenizer.
The mixture was centrifuged at 20,000g for 30
min using a RC-2 Sorvall centrifuge. The
20,000g supernatant fraction was then
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centrifuged for 75 min at 90,000g using an
L2-65B Beckman ultracentrifuge. The 90,000-
g supernatant fraction was stored frozen in
aliquots.

Levels of antitryptic and antichymotryptic
activity were determined using the modifica-
tions of Wasilauskas and Brecher (18) of the
caseinolytic assay of Kunitz (20). The pro-
tein content was determined by applying the
procedure of Lowry et al. (21), utilizing
bovine serum albumin, Cohn Fraction V as
the protein standard.

Sepharose-chymotrypsin was prepared by
the procedure of Porath et al. (22). The
activity of the active insolubilized chymo-
trypsin was determined to be 30 ug/ml at
pH 7.6 by the casein assay for chymotryptic
activity.

Chymotrypsin was coupled to the Affi-Gel
10 by shaking a mixture of 80 ml of 20 mg,/ml
chymotrypsin in 0.1 M phosphate buffer,
pH 7.0 with 4 g of Affi-Gel 10 at 4° for 3.5 hr.
The mixture was transferred to a 1.5 X 30
cm column and washed sequentially with 3
liters of 0.1 M phosphate buffer, pH 7.0,
and 500 ml of 0.1 M Tris buffer, pH 7.6.
The final activity of the column was deter-
mined to be 40 pg/ml at pH 7.6 using the
casein assay for chymotryptic activity.

Charges of 90,000g supernatant fraction of
normal and malignant breast extracts were
passed through either the Sepharose—chymo-
trypsin column or the Affi-Gel 10-chymo-
trypsin column. The columns were eluted
sequentially using 0.1 M Tris buffer, pH
7.6;a20.1 M1t00.3 M NaCl gradientin 0.1 M
Tris buffer, pH 7.6; 0.1 M Tris buffer, pH
7.6; 1 mM HCI, and 0.1 M Tris buffer, pH
7.6.

Peaks of antitryptic and antichymotryptic
activity were pooled and concentrated by
ultrafiltration using Amicon Diaflo PM
ultrafiltration membranes at 40 psi nitrogen
pressure. The 90,000g supernatant fractions
and the pooled concentrated column frac-
tions were further concentrated for electro-
phoresis and immunodiffusion experiments
using Amicon B-15 miniconcentrators.

The proteins in the 90,000g supernatant
fractions, the pooled column eluates, con-
centrated eluates, serum, and chymotrypsin
were separated either by using the alternate
disc gel electrophoresis method of Davis

(23) or the micro disc gel electrophoresis
technique of Burr et al. (24). In both systems
the glycine-Tris buffer, pH 8.3 system of
Davis was used in an ISCO Model 1270
electrophoresis apparatus at 4°. The gels
were stained for glycoprotein using the
periodic acid Schiff’s method of either
Matthieu and Quarles (25) or Kapitany and
Zebrowski (26). Protein was detected with
Coomassie Brilliant Blue according to the
procedure of Weber et al. (27).

Aliquots of 1-10 ul of the pooled inhibi-
tory peaks from the Affi-Gel 10-chymotryp-
sin column were deposited on cellulose
acetate strips and tested for glycoprotein
content by application of the periodic acid
Schiff’s method (28).

Five ul samples of the pooled concentrated
peaks from the Affi Gel-10 column and the
90,000g supernatant fraction of normal and/
or malignant breast, column, anal, ileum,
stomach and lung tissue were placed on
radial immunodiffusion plates containing
human plasma «j-antitrypsin content of
these tissue extracts was determined using
the method of Kueppers (29). The amount of
blood present was estimated by determining
the hemoglobin content in the tissue extracts
using a colorimetric oxyhemoglobin method
(30).

Results. Figure 1 represents a typical
separation of the components found in
malignant breast upon affinity chromatog-
raphy of 300 mg of protein from a 90,000g
extract on Affi-Gel 10-chymotrypsin. Eleven
peaks of antichymotryptic and antitryptic
activity were noted. Seven peaks of anti-
chymotryptic activity were found in the
NaCl gradient eluate, one peak of anti-
chymotryptic and one peak of antitryptic
activity were observed in the subsequent
Tris buffer eluate. Two peaks of both anti-
tryptic and antichymotryptic activity were
seen in the Tris buffer eluate following the
drop in pH. Consistently negligible amounts
of protein were detected in the peaks after
the initial breakthrough peak, suggesting a
very high degree of purification of inhibitors.
Very low levels of endogenous activity were
seen in these eluates. Peaks 1-8 contained a
glycoprotein component as detected with the
periodic acid Schiff’s method on cellulose
acetate. Similar patterns of activity were ob-
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Fi1G. 1. Separation of chymotrypsin and trypsin inhibitors in the 90,000g supernatant fraction of malignant
human breast tissue from patient no. 4150 on Affi-Gel 10-chymotrypsin. Affi-Gel 10 was reacted with chymo-
trypsin to form Affi-Gel 10-chymotrypsin. An aliquot containing 300 mg protein of the 90,000¢ supernatant of
malignant breast tissue from patient no. 4150 was applied to the Affi-Gel 10-chymotrypsin column. The column
was sequentially eluted with 200 ml of 0.1 M Tris buffer, pH 7.6; 1160 ml of a 0.1 M-0.3 M NacCl gradient in
0.1 M Tris buffer, pH 7.6; 220 ml of 0.1 M Tris buffer, pH 7.6; 220 ml of 1 mN HCI; and 160 ml of 0.1 M
Tris Buffer, pH 7.6. Antitryptic and antichymotryptic activity were determined by the casein assay (1) using
0.2 ml of the column eluate and 0.5 ug enzyme. O, Antichymotryptic Activity. ®, Antitryptic activity. A,
Protein concentration by method of Lowry ef al. (21). A, Protein concentration at 280 nm. [ll, Endogenous
caseinolytic Activity. |, 90,000g supernatant fraction added.

served with Sepharose-chymotrypsin col-
umns. Electrophoresis of the pooled fractions
on 15 % polyacrylamide micro gels generally
showed only one or two protein bands.
Similar experiments on pooled peaks (peak
1) with 7% acrylamide gels of Davis (23)
exhibited only two detectable protein bands
both of which contained glycoproteins (Fig.
2). The major band migrated to the same
extent as aj-antitrypsin of serum. Peak 1
contained antitryptic and antichymotryptic
activity. The major component of Peak 1
was determined to be immunologically
equivalent to plasma aj-antitrypsin by im-
munodiffusion. The 90,000g supernatant
fraction additionally showed a band of com-
parable migration to that of «j-acid glyco-
protein of serum.

Table I relates the levels of aj-antitrypsin
found in the 90,000g supernatant fractions of
normal and/or malignant human tissues.
The concentration of «;-antitrypsin in the
tissue extracts from blood (Column 3) was
calculated from the hemoglobin content
using 0.15 gm/ml and 4.4 mg/ml as the con-

centration of hemoglobin (31) and a;-
antitrypsin per ml of serum. The value for
aj-antitrypsin was estimated by taking the
mean value of ap-antitrypsin in normal
humans (29, 30), which is also the standard
value for Miles immunodiffusion plates used
in this study, and doubling the value to
account for the acute phase increase (13, 33)
in a;-antitrypsin under neoplastic conditions.
The «j-antitrypsin content in the tissue
(column 4) was determnied by subtracting
the a;-antitrypsin due to blood from the total
amount of a;-antitrypsin in the tissue ex-
tracts.

Discussion. The isolation of chymotrypsin
and trypsin inhibitors by affinity chromatog-
raphy of the 90,000g extracts of human
breast tissue on Sepharose-chymotrypsin or
Affi-Gel 10-chymotrypsin represents a new,
simple means of purifying and isolating
aj-antitrypsin  almost to electrophoretic
homogeneity, in contrast to the multistep
procedures (34-36). Ten additional peaks of
antiproteolytic activity were obtained subse-
quent to the elution of the a;-antitrypsin
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Fic. 2. Polyacrylamide disc gel electrophoresis of the 90,000g supernatant fraction of malignant human
breast tissue, purified protease inhibitor from Peak 1, serum. Polyacrylamide disc gel electrophoresis was per-
formed by the method of Davis (23). The gels were stained with periodic acid Schiff’s reagent for glycoprotein
(1] and with Coomassie Brilliant Blue for protein [2]. A. Serum, B. 90,000g supernatant fraction from patient no.
4150, C. Peak 1 concentrated eluate from the Affi-Gel 10-chymotrypsin column.

peak in the procedure reported herein. The
use of the NaCl salt gradient and the lower-
ing of the pH to three essentially removed all
bound inhibitors as the columns were suc-
cessfully used repeatedly in contrast with
Sepharose-trypsin which more tightly binds
a-antitrypsin (37).

The difference in binding properties of
aj-antitrypsin  towards Sepharose-chymo-
trypsin and Sepharose-trypsin is probably
due to the fact that chymotrypsin and trypsin
bind to two different sites on the «j-anti-
trypsin molecule (38). The inhibitors are
highly purified as evidenced by the fact that
negligible amounts of protein are associated
with the inhibitory peaks, and by the pre-
liminary disc gel electrophoresis experiments
on the 15 % acrylamide disc gels and the 7%
Davis gel (23) for peak No. 1.

a-Antitrypsin has been reported as a
component of mast cells (39) and macro-
phages (40) which are contained in connec-

tive tissue (41). It would therefore be antici-
pated that aj-antitrypsin would be widely
distributed, as indeed this report suggests
and indeed confirms (39, 40, 42).

Protease inhibitors may serve a further
role, in addition to the inhibition of normal
and neoplastic cell proliferation (4, 7, 8, 11).
As result of observations of children after
surgery, Lennert et al. (43) have suggested
that «j-antitrypsin and as-macroglobulin
serve a role as wound healers. The increase in
az-antitrypsin in serum is probably due to an
attempt by the body to control proteolytic
activity. It is one of the acute phase reactants
produced by the liver in response to trauma
such as inflammation, injury, surgery, infec-
tion, neoplastic growth, pregnancy or ad-
ministration of hormones (33). It has also
been proposed that protease inhibitors in the
plant kingdom promote wound healing
(44, 45).

Summary. o-Antitrypsin has been de-
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TABLE 1. a;-ANTITRYPSIN IN HUMAN TISSUE.®

mg a-AT/mg mg a;-AT/

protein X 102 (corrected)

Patient mg o;-AT/mg mg Hb/mg from blood mg protein

number Tissue protein X 10>  protein X 10! (estimated) X 102

8217 Malignant breast 3.0 4.7 1.3 1.8
5286 Malignant breast 3.1 1.7 0.5 2.6
8994 Malignant breast 3.2 3.5 1.1 2.1
S$73-1335 Malignant breast 2.6 1.2 0.4 2.2
4150 Malignant breast 1.7 31 0.9 0.8
S$73-2543 Normal breast 1.6 3.9 1.1 0.5
3120 Normal colon 2.5 2.9 0.9 1.6
3120 Malignant colon 1.8 2.0 0.6 1.2
M73-416 Normal colon 3.3 2.1 0.6 2.7
M73-416 Malignant colon 3.6 1.7 0.5 3.1
6161 Normal colon 4.2 2.8 0.8 2.6
6161 Malignant colon 3.1 0.9 0.3 2.8
S$73-06098 Normal anal 2.2 2.0 0.6 1.6
S$73-06098 Malignant anal 1.5 2.2 0.7 0.8
M7342 Malignant ileum 1.8 2.8 0.8 1.0
113097 Malignant stomach 3.0 0.6 0.2 2.8
73-6430 Malignant lung 4.4 4.6 1.4 3.0

The a;-antitrypsin concentration in the 90,000g supernatant fractions of normal and/or malignant
human breast, colon, anal, ileum, lung and stomach was determined using the quantitative radial im-
munodiffusion technique (29). The hemoglobin content of the tissue extracts was determined by a col-
ormetric hemoglobin determination method (30). The amount of blood in the extracts was calculated
using a value of 0.15 g hemoglobin/ml serum (31). From this value the amount of «;-antitrypsin present
due to blood was calculated using 4.4 mg a;-antitrypsin per ml of serum (29, 32, 13, 33) which is double
the mean value for normal serum in order to account for the increased levels in patients with neoplastic

diseases.

tected using radial immunodiffusion in the
90,000g supernatant fraction of malignant
and adjacent normal human breast, colon,
and anal tissue, as well as malignant lung,
stomach, and ileum. Immobilized chymo-
trypsin, bound to Sepharose or Affi-Gel 10
has been utilized to separate 11 peaks of
antiproteolytic activity by affinity chroma-
tography of normal and malignant human
breast tissue extracts. Glycoproteins are
associated with eight of the peaks. Peak 1
contains predominantly a;-antitrypsin in
addition to a minor component. The purifi-
cation of the inhibitors, as judged by disc
gel electrophoresis, is extensive. In some
peaks, only one or two protein bands are
observed, suggesting that affinity chroma-
tography on Sepharose- or Affi-Gel 10-
chymotrypsin might be used for the isolation
of aj-antitrypsin and other inhibitors in
preparative amounts.
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