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Summary. In earlier work, a chemotactic factor (leucoegresin) specific for poly-
morphonuclear (PMN) leucocytes had been isolated from the sites of Arthus
reactions or cutaneous burns. The substance shared antigenic sites with IgG.
The possible existence precursor of the chemotactic factor in the y2-globulin frac-

tion of normal rabbit sera is suggested since the protein fraction on incubation with
a purified neutral SH-dependent protease from inflammatory tissue became
strongly chemotactic.

INTRODUCTION

Previous studies (Hayashi, Koono, Yoshinaga and Muto, 1969; Muto, 1969) have
suggested that the in vivo production of leucoegresin may be associated with the action of a
specific neutral SH-dependent protease which is activated at the inflamed site. Since
increased vascular permeability precedes PMN leucocyte emigration in an Arthus
reaction or burn (Hayashi, 1967), it was suggested that a precursor of this chemotactic
factor might be contained in the exuded serum proteins. The present communication
demonstrates that a possible precursor of chemotactic factor is an immunoglobulin G of
normal rabbit serum, and that the chemotactic factor can be generated in vitro from frac-
tionated immunoglobulin G by treatment with an inflammatory SH-dependent protease.

MATERIALS AND METHODS

Estimation of chemotactic activity
Chemotactic activity for PMN leucocytes was demonstrated by in vitro assay according

to a modification (Yamamoto, Yoshinaga and Hayashi, 1971) of Boyden's (1962) method
using Millipore filters (DAWPO 13, pore size 0-65 u; Millipore Filter Co., Bedford,
Mass., U.S.A.) and a modified chamber containing two l-ml compartments. The test
samples, in M/15 phosphate buffer (pH 7.4), were placed in the lower compartment; the
Millipore filter was placed on it, and rabbit PMN leucocytes, collected from the peritoneal
cavity by Hirsch's (1956) method and suspended in Gey's buffered solution containing 2
per cent of human serum albumin, pH 7-4, were poured into the upper compartment.
1 ml of cell suspension contained approximately 1f5 x 106 cells.

After incubation at 370 for 3 hours, PMN leucocytes that had passed through the filter
were stained with haematoxylin and counted over five microscopic fields (10 x 40) randomly
selected; the total counts were recorded.
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Isolation of inflammatory SH-dependent protease
Following a previously described method (Koono, Muto and Hayashi, 1968), the in-

flammatory SH-dependent protease was extracted in the euglobulin fraction of 12-hour-
old Arthus lesions and then purified by chromatography using DEAE-Sephadex and
GE-cellulose; it behaved as a homogeneous substance on electrophoresis. The optimum pH
of the protease was 7- 1. Concentrations of the protease solution were read at absorbancy
280 my. Before use, the SH-dependent protease was activated by adding cysteine to a final
concentration of 10-3M.

Estimation ofprotease activity
Activity was measured in the presence of 1-3M cysteine by a modification (Hayashi,

Miyoshi, Nitta and Udaka 1962a; Hayashi, Udaka, Miyoshi and Kudo, 1965) ofthe casein
digestion method of Kunitz (1947). The pH of the reaction was 7-1 and the ionic strength
was 0-25. After incubation at 370 for 60 minutes, an equal volume of 6 per cent trichloro-
acetic acid was added to the reaction mixture and filtered when precipitation was com-
pleted. The extinction at 276 my of the filtrate was measured and the arbitrary unit of
proteolytic activity was defined as the amount of enzyme which would cause an increase
of 0 001 unit ofextinction per minute of digestion (Koono and Hayashi, 1969). Accordingly,
one proteolytic unit represents 0-06 absorbance units at 276 myu. Enzyme samples with
proteolytic activity of 0-66 units/ml were used.

Preparation of immunoglobulin G (IgG)
Rabbit IgG fraction was separated in the cold from normal rabbit serum according to

the method of Kapusta and Halberstam (1964), using sodium sulphate precipitation and
DEAE-cellulose column chromatography; the isolated IgG was homogeneous as judged
by immunoelectrophoresis with goat antiserum against rabbitserum (Yamamoto, Yoshinaga
and Hayashi, 1971). Human IgG fraction was isolated from normal human serum by
the same method.
Human myeloma protein was harvested from a patient whose serum contained 5500 mg

IgG/100 ml when measured by a single radial immunodiffusion technique (Fahey and
Lawrence, 1963) using an immunoplate (Hyland Laboratories, Los Angeles, California,
U.S.A.). The serum showed monoclonal IgG pattern by a microzone electrophoresis
(Mullan, Hancock and Neil, 1962). From the serum, IgG fraction was isolated by the
method of Kapusta and Halberstam (1964). The IgG fraction was eluted through a
Sephadex G-200 column to eliminate any aggregated IgG. The fractionated IgG was
homogeneous as judged by immunoelectrophoresis with rabbit antiserum against human
serum. The molecular weight of the IgG was approximately 160,000. Each IgG fraction
was dissolved in M/15 phosphate buffer, pH 7-4 at concentrations of 100 and 200 ,ug.

Preparative zone electrophoresis
This was performed essentially according to the method of Muller-Eberhard (1960);

2-0 ml of fresh rabbit serum was electrophoresed through a column (3.5 x40 cm) of
Pevikon C-870 (Superfosfat, Stockholm, Sweden), which had previously been equilibrated
with M/20 veronal buffer, pH 8-6, at a current of 15 mA for 36 hours. Protein contents of
effluent fractions were measured colorimetrically by the method of Lowry, Rosebrough,
Farr and Randall (1957). Before use, effluent fractions were dialysed against M/15 phos-
phate buffer, pH 7 4, for 16 hours.
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RESULTS
GENERATION OF CHEMOTACTIC ACTIVITY FROM RABBIT SERUM PROTEIN BY INFLAMMATORY

SH-DEPENDENT PROTEASE

By preparative zone electrophoresis on Pevikon C-870, six protein fractions were
separated from normal rabbit serum; they respectively contained albumin, ol-a2, a2-fll,
fll-Yl, Yi Y2. and V2 globulin fractions. Equal volumes (0.5 ml) of the protein fraction
(concentration 0-2-1-4 at E280 my in M/15 phosphate buffer, pH 7.4) and the SH-depen-
dent protease solution (0.66 units/ml in M/15 phosphate buffer, pH 7.4) were mixed and
incubated at 370 for 60 minutes. 1 ml of the mixture was tested for chemotactic activity.
As shown in Fig. 1, the y2-globulin fraction had no chemotactic activity, but became

strongly chemotactic in the presence of active SH-dependent protease. However, other
protein fractions showed no chemotactic effect under the same conditions.
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FIG. 1. In vitro generation of chemotactic activity in serum protein fraction by inflammatory SH-
dependent protease (inflammatory protease). The mixture of each protein fraction (0.5 ml), obtained
from normal rabbit serum by block-electrophoresis on a 'Pevikon C-870' column, and inflammatory
protease (0.5 ml) was incubated at 370 for 60 minutes, and then tested for chemotactic activity. The
activity of inflammatory protease was 0-66 units/ml. See text. Protein concentrations at 280 mp of
each fraction were as follows: (a) albumin, 1-40; (b) alx a2-globulin, 0-28; (c) a2 ,f1-globulin, 0-24;
(d) /J yl-globulin, 0*30; (e) Y1' y2-globulin, 0-28; (f) y2-globulin, 0-54. Stippled columns, chemo-
tactic potency before treatment with inflammatory protease activated by 10-3 M cysteine. Hatched
columns: chemotactic potency after treatment with the activated inflammatory protease.

The al - a2-globulin fraction has been found to contain an inhibitor of the SH-depen-
dent protease (Tokaji, 1971); the inhibitor of the protein fraction (0.5 ml) was able to
inhibit 0 4 units of SH-dependent protease. Accordingly, the protein fraction (0.5 ml) was
treated with a higher activity (2-0 units) of the SH-dependent protease (0 5 ml). However,
no chemotactic activity was detected. None of the other protein fractions showed an
inhibitory effect on the SH-dependent protease (Tokaji, 1971).
As shown in Table 1, rabbit IgG had no chemotactic activity on PMN leucocytes, but

became strongly chemotactic when treated with the SH-dependent protease activated in
the presence of cysteine. The SH-dependent protease itself was ineffective for PMN
leucocytes.
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TABLE 1

In vitro GENERATION OF CHEMOTACTIC ACTIVrrY FROM RABBIT IgG BY INFLAMMATORY SH-
DEPENDENT PROTEASE (INFLAMMATORY PROTEASE)

Samples in lower compartment
No. of PMNs

Rabbit IgG Inflammatory protease Cysteine migrating
(pAg) (proteolytic units) (final conc.) (per 5 fields)

200 0*33 10-3 M 449
100 0-33 10-3 M 215
200 Phosphate buffer 10-3 M 24
200 0 33 Phosphate buffer 28
200 Phosphate buffer Phosphate buffer 18

Phosphate buffer 0 33 10-3 M 25
Phosphate buffer 14

The mixture of each sample (0.5 ml) was previously incubated at 370 for 60 minutes, and
placed in the lower compartment for assay of chemotactic potency. The proteolytic activity
of inflammatory protease added was 0-66 units/ml. See text.

TABLE 2
In vitro GENERATION OF CHEMOTACTIC ACTIVrrY FROM HUMAN IgG BY INFLAMMATORY SH-

DEPENDENT PROTEASE (INFLAMMATORY PROTEASE)

Samples in lower compartment
No. of PMNs

Rabbit IgG Inflammatory protease Cysteine migrating
(,pg) (proteolytic units) (final conc.) (per 5 fields)

200 0-33 10-3 M 320
100 0 33 10 3 M 182
200 Phosphate buffer 10-3 M 22
200 0-33 Phosphate buffer 26
200 Phosphate buffer Phosphate buffer 18

Phosphate buffer 0-33 10-3 M 19
Phosphate buffer 12

The mixture of each sample (0.5 ml) was previously incubated at 370 for 60 minutes and
placed in the lower compartment. The protease activity was 0-66 units/ml. See text.

GENERATION OF CHEMOTACTIC ACTIVITY FROM HUMAN IgG BY INFLAMMATORY SH-DEPENDENT

PROTEASE

Human IgG fraction (I100-200 jig) was similarly treated with the SH-dependent
protease (0.33 units) in the presence of cysteine. As summarized in Table 2, human IgG
fraction showed no chemotactic effect on PMN leucocytes, but it became strongly chemo-
tactic after treatment with the SH-dependent protease.

GENERATION OF CHEMOTACTIC ACTIVITY FROM HUMAN MYELOMA PROTEIN BY INFLAMMATORY

SH-DEPENDENT PROTEASE

Human myeloma IgG (100 and 200 ,ug) was incubated with the SH-dependent protease
(0.33 units) in the presence of cysteine.
As shown in Table 3, myeloma IgG showed no chemotactic potency on PMN

leucocytes, but it became strongly chemotactic by treatment with SH-dependent pro-
tease; the intensity ofchemotactic generation ofmyeloma IgG was similar to that ofnormal
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TABLE 3

In vitro GENERATION OF CHEMOTACTIC ACTIVITY FROM HUMAN MYELOMA PROTEIN BY INFLAM-

MATORY SH-DEPENDENT PROTEASE (INFLAMMATORY PROTEASE)

Samples in lower compartment
No. of PMNs

Myeloma IgG Inflammatory protease Cysteine migrating
(plg) (proteolytic units) (final conc.) (per 5 fields)

200 033 10-3 M 471
100 0-33 10-3 M 249
200 Phosphate buffer 10-3 M 20
200 0 33 Phosphate buffer 23
200 Phosphate buffer Phosphate buffer 20

Phosphate buffer 0-33 10-3 M 18
Phosphate buffer 15

The mixture of each sample (0.5 ml) was incubated at 370 for 60 minutes, and placed in
the lower compartment. The activity of inflammatory protease added was 0-66 units/ml.
See text.-

human IgG. Some samples of the IgG fractions, separated from the sera stored during
some weeks or separated at room temperature, occasionally showed a slight chemotactic
effect on PMN leucocytes before treatment with the SH-dependent protease. Accordingly,
all the IgG samples were carefully separated in the cold from fresh serum. Such IgG
samples showed no chemotactic activity.

DISCUSSION

As previously described (Hayashi, 1955, 1967, 1968; Hayashi et al., 1958, 1962a, b,
1965, 1969; Udaka, 1963; Koono, Muto and Hayashi, 1968; Koono and Hayashi, 1969),
the SH-dependent protease has been shown to satisfy many of the criteria necessary for
an inflammatory agent in an Arthus reation or burn: (a) The protease is locally available.
(b) Protease activities parallel the time-course of the reactions. (c) The protease can pro-
duce morphologic change similar to those of Arthus reactions when injected in concentra-
tions comparable to those detected in sites of inflammation. (d) The protease, when
injected locally, can produce chemical mediators which are associated with individual
inflammatory manifestations such as vascular permeability changes or leucocyte emigra-
tion in the reactions. (e) The protease is inhibited by the specific antagonist. (f) The
inflammatory reactions are suppressed by specifically antagonistic substance (Hayashi et
al., 1969).
The intradermal injection of the SH-dependent protease into normal rabbits induced

increased vascular permeability to plasma proteins followed by pronounced PMN
emigration; from the protease-induced skin lesions, chemotactic factor (leucoegresin) was
isolated (Hayashi et al., 1969; Muto, 1969). These observations suggested the production
of chemotactic factor by SH-dependent protease action on the exuded proteins. At the
site ofan Arthus reaction or a burn, exudation ofplasma proteins preceded PMN leucocyte
emigration (Hayashi, 1967). As shown in Fig. 1, a possible precursor of chemotactic
factor was located in the y2-globulin fraction of normal rabbit serum.The activity of the
SH-dependent protease added was 033 units, reasonably comparable to that of the enzyme
detected at an early stage of PMN leucocyte emigration in an Arthus reaction (Hayashi
et al., 1969; Muto, 1969). Since a, aX2-globulin fraction contained an inhibitor of the
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SH-dependent protease (Itoh, 1960; Tokaji, 1971), the protein fraction was treated with
larger concentration of the enzyme, but it did not show any chemotactic activity.
The observations on purified IgG fractions suggested that a possible precursor of

chemotactic factor in the y2-globulin fraction may be associated with IgG; and IgG gives
rise to a chemotactic factor by such enzymatic treatment. The previous observations
showing that rabbit chemotactic factor (leucoegresin) had antigenic sites in common with
rabbit IgG (Yamamoto et al., 1971; Yoshinaga et al., 1970) seemed to suggest IgG as a
possible precursor for chemotactic factor. More recently, Wilkinson, Borel, Stecher-
Levin and Sorkin (1969) have found that a chemotactic factor of serum, activated by
antigen-antibody complex, may be related to a large molecular substance similar to IgG,
but the mechanism of such a chemotactic generation remains to be elucidated.
The molecular size (about 140,000) and sedimentation coefficient (about 6.58S) of

rabbit chemotactic factor (leucoegresin) were closely similar to those of rabbit IgG, but
the chemotactic factor was characterized by a lower isoelectric point (about 5.0). The
chemical change in the conversion of IgG to chemotactic factor awaits further study.
Thus, besides the well-known specific role as antibody, it was suggested that the IgG
molecule may play a role as the precursor of a chemotactic factor in inflammation.

ACKNOWLEDGMENTS
The authors are indebted to Dr M. Koono for purification of an inflammatory SH-

dependent protease and for assay of proteolytic activity. This work was supported by
grants from the Japanese Ministry of Education and U.S. Army Research and Develop-
ment Group, Far East

REFERENCES
BOYDEN, S. (1962). 'The chemotactic effect of mixtures

of antibody and antigen on polymorphonuclear
leukocytes.'_J. exp. Med., 115, 453.

FAHEY,J. L. and LAWRENCE, M. E. (1963). 'Quantita-
tive determination of 6-6 S gamma globulins, beta 2A
globulins and gamma macroglobulins in human
serum.' J. Immunol., 91, 597.

HAYASHI, H. (1955). 'Biochemical approach to in-
flammation; activation of proteolytic enzymes and
their significance.' Seitaino-Kagaku, 7, 124 (in
Japanese).

HAYASHI, H. (1967). 'Mechanism of development and
inhibition of inflammatory process.' Trans. Soc.
Path. jap., 56, 37 (in Japanese).

HAYASHI, H. (1968). 'Antigen-antibody activation of
macrophage enzymes.' Biochemistry of the Acute
Allergic Reactions (Ed. by K. F. Austen and E. L.
Becker), p. 141, Blackwell Scientific Publications,
Oxford.

HAYASHI, H., KoONO, M., YOSHINAGA, M. and MUTO,
M. (1969). 'The role of SH-dependent protease and
its inhibitor in the Arthus-type hypersensitivity
reaction, with special reference to chemical mediation
of increased vascular permeability and leukocyte
emigration.' Inflammation Biochemistry and Drug
Interaction (Ed. by A. Bertelli), p. 34. Excepta Medica
Foundation Press, Amsterdam.

HAYASHI, H., MIYO$HI, H., NITTA, R. and UDAKA, K.
(1962a). 'Proteolytic mechanism in recurrence of
Arthus-type inflammation by thiol compounds.'
Brit. J. exp. Path., 43, 564.

HAYASHI, H., TOKUDA, A., MATSUBA, K., INOUE, T.,
UDAKA, K., KUZE, T. and ITOH, K. (1958). 'Studies
in a parallel of morphology and biochemistry of
antigen-antibody reaction in vitro and in vivo. Pro-
teolytic mechanism in Arthus phenomenon.' Mie
med. J_., 8, 329.

HAYASHI, H., TOKUDA, A. and UDAKA, K. (1960).
'Biochemical study of cellular antigen-antibody
reaction in tissue culture. I. Activation and release
of a protease.'_7. exp. Med., 112, 237.

HAYASHI, H.. UDAKA, K., KoONO, M. and YOSHIMURA,
M. ( 1962b). 'Higher susceptibility to thiol compounds
of protease in healing sites of Arthus type inflam-
mation and biologic significance.' Brit. 3. exp. Path.,
43, 575.

HAYASHI, H., UDAKA, K., MIYOSHI, H. and KUDO, S.
(1965). 'Further study of correlative behavior
between specific protease and its inhibitor in cutan-
eous Arthus reactions.' Lab. Invest., 14, 665.

HIRSCH, J. G. (1956). 'Phagocytin: A bactericidal
substance from polymorphonuclear leukocytes.' 7.
exp. Med., 106, 589.

ITOH, K. (1960). 'Studies on protease inhibitors in the
serum. I. Comparative studies on the papain and
trypsin inhibitors in the serum of rabbit.' Mie Igaku,
4, 1498 (in Japanese).

KOONO, M., MUTO, M. and HAYASHI, H. (1968). 'Pro-
teases associated with Arthus skin lesions: their puri-
fication and biological significance.' Tohoku 37. exp.
Med., 94, 231



Natural Mediatorfor PMN Emigration. III 815
KOONO, M. and HAYASHI, H. (1969). 'Purification of

inflammatory SH-dependent proteases I and II from
Arthus skin lesion and their significance in inflam-
matory changes.'jap. J. Biochem. Soc., 41, 436 (in
Japanese).

KAPUSTA, M. A. and HALBERSTAM, D. (1964). 'Pre-
paration of pure 7S y-globulin.' Biochim. biophys.
Acta (Amst.), 93, 657.

KUNITZ, M. (1947). 'Crystalline soybean trypsin
inhibitor. II. General properties.',7. gen. Physiol., 30,
291.

LowRY, 0. H., ROSEBROUGH, N. J., FARR, A. L. and
RANDALL, R. J. (1957). 'Protein measurement with
the Folin phenol reagent.' . biol. Chem., 193, 265.

MULLAN, F. A., HANcocK, D. A. and NEIL, D. W.
(1962). 'Electrophoresis of serum and soluble liver
proteins on cellulose acetate.' Nature (Lond.), 194,
149.

MULLER-EBERHARD, H. J. (1960). 'A new supporting
medium for preparative electrophoresis.' Scand. J.
clin. Lab. Invest., 12, 33.

Muro, M. (1969). 'Studies on the role ofSH-dependent
proteases in Arthus-type hypersensitivity reaction.
II. Production of Arthus premeability factors and
activation of leukoegresin by Arthus proteases.'
J. Kumamoto Med. Soc., 43, 48 (in Japanese).

STECHER, V. J. and SoRKIN, E. (1969). 'Studies on
chemotaxis. XII. Generation of chemotactic activity

for PMN in sera with complement deficient sera.'
Immunology, 16, 231.

ToKA I, G. (1971). 'The chemical pathology of ther-
mal injury, with special reference to burns SH-de-
pendent protease and its inhibitor.' Kumamoto Med.
i., 24 (in press).

UDAKA, K. (1963). 'Studies on the role of sulfhydryl
groups in the biochemical mechanisms of allergic
inflammation. IV. Proteolytic activity in the cutan-
eous lesions of Arthus reaction and its significance.'
Kumamoto Med. J., 16, 55.

WILKINSON, P. C., BOREL, J. F., STECHER-LEVIN, V. J.
and SORiUN, E. (1969). 'Macrophage and neutro-
phile chemotactic factors in serum.' Nature (Lond.),
222, 244.

YAMAMOTO, S., YOSHINAGA, M. and HAYASHI, H. (197 1).
'The natural mediator for PMN emigration in
inflammation. II. Common antigenicity of leuko-
egresin with immunoglobulin G.'Immunology, 20, 803.

YOSHINAGA, M., MAYUMI, M., YAMAMOTO, S. and
HAYAsm, H. (1970). 'Immunoglobulin G as possible
precursor of chemotactic factor.' Nature (Lond.), 225,
1138.

YOSHINAGA, M., YOSHIDA, K., TASHIRO, A. and HAY-
ASHI, H. (1971) 'The natural mediator for PMN
emigration in inflammation. I. Purification and
characterization of leukoegresin from Arthus skin
site'. Immunologv (in press).

M IMMUN


