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Summary

An inhibitor of trypsin and chymotrypsin with apparent molecular weight
of 68000 and a mobility similar to «,-globulin on polyacrylamide gel electro-
phoresis, was isolated from serum-free supernatant preparations from HeLa
cells, Immunoelectrophoresis assays indicated that the inhibitor differed sero-
logically from known inhibitors of serine proteinases in plasma and urine but
shared antigenic determinants with an unidentified protein in these body fluids
and with an inhibitor recently isolated from cultures of lung.

Introduction

An inhibitor of trypsin (EC 3.4.21.4) chymotrypsin (EC 3.4.21.1) and plas-
min (EC 3.4.21.7) with an estimated molecular weight of approximately 68 000
and mobility similar to «,-globulin, was isolated from supernatant preparations
of primary cultures and subcultures of human adult and fetal lung [1]. Im-
munoassays with various antisera indicated that this inhibitor is immunologi-
cally distinct from other proteinase inhibitors in the circulation: o;-anti-tryp-
sin, a;-antichymotrypsin, inter-a-trypsin inhibitor, antithrombin III, CI' ester-
ase inhibitor, a,-macroglobulin, and the recently described «,-antiplasmin
[2,3,4]. The present study indicates that an inhibitor with properties similar
to those of the inhibitor from lung tissue may be produced in large concentra-
tions by HelLa cells.

Methods and Results

Accumulation of antitryptic activity in serum-free supernatant preparations
of HeLa cells (S3 clone, Grand Island, Biol. Co., Long Island, N.Y.) was exam-
ined as described for cultures of lung tissue [1]. Cells growing as monolayers in
plastic flasks were washed with Eagle’s Basal Medium and grown in this me-
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dium containing 0.5% lactoalbumin hydrolysate. Cultures were incubated at
37°C and the supernatant medium assayed at various intervals for antitryptic
activity on a fibrin substrate. Trypsin (bovine, twice crystallized, 13000 Bz-
Arg-OEt U/mg protein, Sigma Chemical Co., St. Louis, Mo.) was incubated
with equal volumes of supernatant preparations (diluted serially as necessary
with 0.75 M sodium barbital, pH 7.75) or with buffer alone for 20 min at 37°C
and then assayed on fibrin plates prepared with purified plasminogen-free
fibrinogen (Miles Laboratories, Elkart, Ind.). Inhibitory activity was expressed
in Bz-Arg-OEt U/ml of trypsin inhibited on this substrate.

Cultures were studied until cells began to slough, 3—5 days after they
received serum-free medium. Inhibitor bioactivity was elicited in 16 of the 20
cultures studied. In these cultures, accumulation was progressive reaching levels
of up to 400 Bz-Arg-OEt U/ml on days 3—5 (Fig. 1). The supernatant solutions
were collected, concentrated in an Amicon filter cell using Diaflo PM 30 mem-
branes and chromatographed on Sephadex G-100 or Sepharcryl S-200 (Phar-
macia Fine Chemicals, Piscataway, N.J.) 0.9 X 55 cm columns, equilibrated in
0.2 M phosphate buffer, pH 6.5 [1] with essentially quantitative recovery of
inhibitor bioactivity, eluting near the elution volume of human albumin mono-
mer standard (M, = 67500) (Miles Laboratories), as observed previously [1] for
inhibitor from lung. Fractions containing 75% of the applied bioactivity were
concentrated and examined by polyacrylamide gel electrophoresis. As shown in
Fig. 2, the preparation from HeLa cells resolved into 2 major and several minor
bands. Inhibitor bioactivity was located throughout one of the major bands,
which exhibited the mobility of «,-globulin similar to that of the inhibitor
from lung. This band accounted for about 40% of the protein applied to the gel
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Fig. 1. Accumulation of antitryptic activity in serum-free supernatant preparations of HeLa cells. Arrow
indicates feeding of the cultures with Eagle’s Basal Medium (BME) and lactoalbumin hydrolysate (LAH).

Days of observation are shown on the abscissa and inhibitory activity in the supernates on the ordinate in
Bz-Arg-OEt U/ml. Fibrin plate assays.
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Fig. 2. Polyacrylamide gel electrophoresis (7.5% gel) of G-100 chromatographed preparations from
HeLa (HL). Other preparations are: human serum (HS), albumin (alb), a3 -macroglobulin and antithrom-
bin IIT (¢; M, AT II1) and a chromatographed preparation of inhibitor from lung (Lu). Inhibitory activity
from HeLa cells and lung tissue, determined by slicing gels longitudinally and incubating 1 mm sections
with trypsin on fibrin substrate, is located in the band marked “Inh”’. Proteins were stained with Coomas-
sie Blue.

as estimated by densitometry scanning (Beckman model R-100 Microzone
Densitometer). The inhibitorcontaining band was sliced out from identical un-
stained gels (to remove approx. 60% protein from the band). The sections were
sliced longitudinally and wused in counter immunoelectrophoresis assays
(Fig. 3).

Immunologic identity of the inhibitor from HeLa cells to proteinase inhibi-
tors in human serum was examined using specific antisera to a,-antitrypsin, o ;-
antichymotrypsin, inter-a-trypsin inhibitor, CI' esterase inhibitor, antithrombin
ITI, a,-macroglobulin (from Behring Diagnostics, Sommerville, N.J.) and
a,-antiplasmin (provided by Dr. D. Collen, Leuven, Belgium) [2]. Antiserum to
inter-a-trypsin inhibitor was also used to examine immunologic identity to
inhibitor in urine which has been shown to react with this antiserum [5,6]. In
immunodiffusion, immunoelectrophoresis and counter immunoelectrophoresis,
the antisera formed visible banding with their respective antigens in human
serum standards (Behring Diagnostics) down to concentrations of 1—3 ug
antigen per well. In assays performed with the inhibitor from HeLa cells, using
a wide range of concentrations (2—20 ug inhibitor protein per well), there was
no reaction with any of the antisera. There was also no reaction when the
inhibitor band (sectioned from gels) was assayed with the antisera on counter
immunoelectrophoresis. However, an immunoprecipitation reaction occurred
with polyvalent antisera to urinary and serum proteins (Fig. 3), indicating that
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Fig. 3. Counter immunoelectrophoresis in agarose (0.9% agarose, pH 8.6 phosphate buffer, 30 V/ecm for
20 min) of inhibitor from HeLa cells (HL) and lung tissue (Lu). Each band contains about 5 ug protein.
Antibodies, placed in the anodic wells, are antiserum to urinary proteins (UP) or to whole human serum
(SP). Proteins were stained with Amido Black.

these antisera contained antibody to this inhibitor material. Immunoprecipitin
bands formed by the inhibitor from HeLa cells and the two antisera showed
reaction of identity to one another and to the band of inhibitor from lung tis-
sue as evidenced by fusion without spurring of the respective bands (Fig. 3).

In assays on fibrin and casein substrate (casein-agar plates, Worthington Bio-
chemicals, Freehold, N.J.) chromatographed inhibitor preparations inhibited
the activity of both trypsin and chymotrypsin (bovine three times crystallized,
Worthington Biochemicals). Inhibition of human plasmin, (20 CTA * U/mg
protein, kindly provided by L. Summaria, Michael Reese Medical Center, Chi-
cago, I11.) on the same substrates was weak or absent. Thus, at inhibitor concen-
trations which were adjusted to inhibit 20 ug trypsin (M, = 23300), there was
inhibition of about 15 ug chymotrypsin (M, = 25000) but inhibition of only
12—14 pg plasmin (M, = 73500) by some preparations and no inhibition by
other preparations.

Discussion

The inhibitor of serine proteinases presently found in cultures of HeLa cells
differed immunologically from known inhibitors in serum or urine, but showed
several similarities to an inhibitor recently isolated from cultures of lung tissue

* CTA refers to the unit adopted by the Committee on Thrombolytic Agents, National Heart Insitute,
National Institutes of Health, Bethesda, Md., U.S.A. [7]. The unit is based on the activity of a standard
plasmin preparation (CTA standard) prepared by the Committee.
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[1]. Similarities included: elution on Sephadex G-100 or Sephacryl S-200
columns in the region of albumin, a mobility similar to «,-globulin on electro-
phoresis, non-reactivity with antisera to known proteinase inhibitors, formation
of an immunoprecipitation band with polyvalent antisera to urinary and serum
proteins and, perhaps most significantly, reaction of serologic identity between
the band from HeLa cells and that from lung tissue. Whether the inhibitor from
these tissues is similar or identical in other parameters remains to be deter-
mined.

Reactivity with the polyvalent, but not the specific, antisera indicates that
the inhibitor from lung tissue and HeLa cells is related serologically to an
antigen in urine and serum distinct from known inhibitors of proteinases in
these biologic fluids. The identity of the antigen, however, is not apparent from
the present observations. Thus, it may only be sepculated whether the antigen
represents a known or a previously unrecognized protein and, further, whether
this protein may be functionally, as well as serologically, similar or identical
to the inhibitor from tissues.

Other aspects not apparent from the present study include the precise phys-
iologic function(s) of the inhibitor and relationship, if any, to trypsin inhibi-
tor(s) described recently in animal tumor tissues [8] and to small molecular
weight (3000—13000) inhibitors of serine or other proteinases elicited in vari-
ous mammalian tissues [9—12]. Larger-sized inhibitors (44000—50000) in
human tissues such as skin [13,14] appear to differ from the present inhibitor
in molecular weight as well as in immunologic identity with inhibitors in serum
[13], or lack of inhibitory activity towards trypsin [14]. Specificity towards
thiol dependant proteinases and a molecular weight of 90000 also distinguish
a newly-described inhibitor in human serum [15] from the present inhibitor in
HeLa cells and lung tissue. The inhibitor from these tissues appears to have a
molecular weight of approx. 68000 as estimated by Sephadex and Sephacryl
chromatography and, in the case of inhibitor from lung tissue, by SDS poly-
acrylamide gel electrophoresis [1]. The limited observations on the biological
activity indicate that, in common with most previously recognized inhibitors
of serine proteinases, the present inhibitor affects the activity of more than one
enzyme. Whether the inhibitor participates in the regulation of known prote-
olytic processes in the blood (i.e. clotting, fibrinolysis, kinin generation) [9,15]
or performs some other function(s) in tissues or at the cellular level remains to
be determined.
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