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ABSTRACT

We reviewed the characteristics and level of fibrinolytic enzymes in extracts of tissue

with inflammatory disease and experimental inflammation in upper airway. In addition,

we reviewed the changes of fibrinolytic activity in the circulating blood in both humans

and experimental animals with acute inflammation. Tissue-type plasminogen activator (t-

PA) existed in tissue extract of paranasal mucous membrane (PMM) with chronic sinusi-

tis but urokinase-type plasminogen activator (u-PA) did not. Both t-PA and u-PA,

however, existed in tissue extract of antrochoanal polyp (AP). The fibrinolytic activity in

the circulating blood increased at the initial stage of human acute tonsillitis and Arthus ton-

sillitis of rabbits. It was presented that fibrinolytic enzymes in inflammation have an impor-

tant role on extension, ending and repair at the local inflammatory sites. Furthermore, it

was suggested that the suppression of the elevated activity of fibrinolytic enzyme might con-

trol the process of inflammation at the initial stage of acute inflammation, Ryukyu Med.
ォ/., 16(4)157-164, 1996
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INTRODUCTION

Inflammation is defined as a defensive and healing

reaction to injury at locus. Inflammatory responses are

caused by both cellular component and mediators indue-

ing immuno-inflammatory cascade. In inflammation,

plasmin, one of the chemical mediators, plays an impor-

tant role. As a result of the proteolytic activity of

plasmin, other chemical mediators involved in various in-

flammatory responses can be produobd. The precursor of

plasmin, plasminogen is converted to plasmin by the

plasminogen activator (PA) which exist in various tis-

sues and body fluids. However, during the inflammatory

process the PA derived from the infiltrated leukocytes

and macrophages may be closely related to activation of

plasminogen. We have analyzed the relationship between

the fibrinolytic activity and the inflammatory responses

in the field of otorhinolaryngology. Fibrinolytic enzymes

have been reported to exist in various body fluids and or-

gans relating to the upper airway, that is, salival

tracheobronchial secretion21, nasal and paranasal mucous

membrane PMMr

In this paper, we summarized the literature con-

157

cernine physicochemical properties of PA in tissue ex-

tract of various tissues, fibrinolytic activity in circulat-

ing blood in patients with inflammation in the upper

airway.

Pl-ASMINOGEN ACTIVATOR IN TISSUE EXTRACTS

OF HUMAN PARANASAL MUCOUS MEMBRANE

WITH CHRONIC SINUSITIS

Large amounts of fibrinolytic enzyme are contained

in tissue extracts of the PMM in patients with chronic si-

nusitis. Physicochemical property of PA contained in the

tissue extracts of human PMM was studied by the bio-

chemical techniques. The 75% ammonium sulphate precipi-

tate from the tissue extract of PMM revealed two peaks

of fibrinolytic activity on Sephadex G-200 gel5). The pre-

cipitates prepared with 75%　ammonium sulphate con-

tained two kinds of PA with different (high and low)

molecular weights61. The molecular weight of this PA

with low molecular weight (LMW) was less than

cytochrome c (12,000 daltons), i.e. some 10,000 to 5,000

daltons, based on determinations by gel filtration on

Sephadex G-2007). It was suggested that PA with low
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Table 1 Observations on the proliferation of cells from implanted

tissue evidencing chronic sinusitis'3

days after epithelial

culture clot cell fibroblast
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Fig. 1 Isolation of plasminogen activator from conditioned me-

dium on the fifth day after culture of PMM"). Affinity chroma-
tography using lysine sepharose was the procedure used to

isolate the plasminogen activator.

molecular weight was produced by a mechanism involv-

ing proteases, i.e. trypsin-like enzymes, at the locus of

the chronic inflammation in the PMM. Such proteases

are thought to react with the PA of high molecular

weight resulting in the production of PA with low molecu-

lar weight8'. On the other hand, purified PA by affinity

chromatography using Zn-imminodiacetate Sepharose and

lysine Sepharose, formed one peak on a Sephacryl S-200

column. The molecular weight of this purified PA from

the PMM was estimated to be about 65-70 kDa using gel

filtration with Sephacryl S-2009 10'. Furthermore, using fi-

brin autography technique, we characterized and identi-

tied a PA derived from tissue extracts of PMM with

chronic sinusitis. The result of fibrin autography indi-

cated that the tissue extracts of PMM revealed a single

lytic zone at 65 kDa on fibrin-agarose plates. This lytic

zone was inhibited by goat immunoglobulin G (IgG) frac-

tion of anti human uterine tissue-type plasminogen

activator (t-PA), but not by anti-human LMW urokinase

goat IgG. From this result the lytic zone at 65 kDa was

identified as t-PAll'. The binding to fibrin of this purified

PA from PMM was stronger than that of urokinase

(UK). Furthermore, the binding to human fibrin of t-PA

and UK was stronger than that to bovine fibrin. From

this result, t-PA from PMM has a high affinity to

human fibrin12'. However, the origin of the t-PA in the tis-
sue extracts of PMM could not be clarified in the above-

mentioned study. Subsequently, using a tissue culture of

PMM, it was observed that two species of cells, epithe-

lial cells and fibrocytes, proliferated in the implanted tis-

sue (Table 1). PA was isolated from the conditioned

medium on the fifth day after culture (Fig. 1). From

these results, it appears that the PA may be released

from epithelial cells and/or fibroblasts13'.
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Fig. 2　Characterization of PAs derived from tissue extracts of

PMM and AP"1. A: Lytic pattern on fibrin zymography without
goat immunoglobulin G (IgG). B: Lytic pattern on fibrin

zymography with antihuman uterine tissue-type PA (t-PA)
goat IgG. C: Lytic pattern on fibrin zymography with antihu-
man LMW urokinase goat IgG. D: Nonlytic pattern on fibrin
zymography without plasminogen.

PLASMINOGEN ACTIVATOR IN

TISSUE EXTRACT OF ANTROCHOANAL POLYP

Nasal polyp (NP) and antrochoanal polyp (AP) are

by-products of chronic inflammation of the paranasal cav-

lty and are associated with PMM. In other words, they

are polyps in which the PMM proliferate pathologically

and invade into the nasal and retropharyngeal cavity. Tis-

sue extract of AP showed a faint lysis area on standard fi-

brin plates, but streptokinase (SK)-added tissue extract

showed a large lysis area. No fibrinolytic activity was

observed on plasminogen-free fibrin plates. Therefore,

the fibrinolytic activity observed after SK addition is an

indication of the existence of SK-responsive protein acti-

vator. The addition of UK to the tissue extract slightly en-

larged the lysis area compared with UK alone. Dilution

led to a proportional decrease in the activity of the SK-

added tissue extract. On the other hand, the protease ac-

tivity of UK-added tissue extract did not vary in this

way, but showed an almost constant value on dilution"'.

Furthermore, the result of fibrin autography indicated

that the tissue extracts of AP revealed two kinds of lytic

zones at 54 kDa and 65 kDa on fibrin-agarose plates.

This lytic zone at 65 kDa was identified as t-PA, and the

lytic zone at 54 kDa was identified as urokinase-type

plasminogen activator (u-PA) by immunological analysis

with specific antibody to t-PA and u-PA. Tissue extracts

of AP contained both t-PA and u-PA, whereas tissue ex-

tracts of PMM with chronic sinusitis contained t-PA

only (Fig. 2). Based on the results concerning the

presence of u-PA in the tissue extracts of AP, it is consid-

ered that u-PA may play an important role in lnflamma-

tory enlargement and proliferationid

INHIBITORY ACTIVITY OF

THE TONSILLAR TISSUE AGAINST UROKINASE

To determine the inhibitory activity of the tissue ex-

tract of tonsils and adenoids against UK, the tissue ex-

tracts were prepared from the tonsillar tissue resected by

tonsillectomy from tonsils having tonsillitis and hypeト

trophy and the adenoid tissue resected by adenoidectomy

from adenoid vegetation. Fibrin plate method was used

to determine the inhibitory activity against UK. Ton-

sillar tissue with hypertrophy and focal tonsillitis demon-

strated a complete inhibitory activity against 10 Ploug

u/ml of UK, but adenoid tissue demonstrated a complete

inhibitory activity against 2.5 Ploug u/ml of UK. By de-

termining the inhibitory activity of human ton-sillar tis-

sue extract with physiological saline against UK, UK

inhibitor was observed to exist in the organ. The inhibi-

tory activity of the tonsillar tissue against UK was

found to be greater than that of the adenoid tissue4'.

FIBRINOLYTIC ACTIVITY ESf TISSUE EXTRACTS

WITH VARIOUS LESION OF INFLAMMATION

The distribution and role of PA and proactivator in

various diseases of the nasal and paranasal cavity were in-

vestigated. We attempted to clarify the role of the fi-
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Table　2　Fibrinolytic activity of tissue extract of PMM
with chronic sinusitis16)

tissue extract SK+tissue extract

冒Iight
n=5)冒tron
n=6号冒Iight
n=5)冒tron
n=6号SK+bufferst. plates　73.6±50　54.8±10　91.9±36　68.1±20　0

free plates 0

Paranasal mucous membranes with chronic sinusitis were

divided macroscopically into two groups according to the

strength of inflammation (strong and slight). The activi-
ties of the extract alone and a mixture of SK and the extract

were estimated on standard fibrin plates (st. plates) and

plasminogen-free fibrin plates (free plates). Data is mean

± SD of the lysisarea (in mrが).

brinolytic enzymes, i.e. PA or proactivator from the

PMM of patients with various diseases originating in the

paranasal and nasal cavity, and they may play an impor-

tant role in the proliferation of the PMM with chronic in-

flammation. The fibrinolytic activity of the extracts of

PMM with chronic sinusitis is shown in Table　2. In

the case of slight inflammation, the average PA activ-

ity was 73.6 m汀f and the proactivator activity was 91.9

mm. Furthermore, in the case of strong inflammation

with chronic sinusitis, the average PA activity was 54.8

mm and the proactivator activity was 68.1 mm2. On com-

panson of the case of slight inflammation with that of

strong inflammation with chronic sinusitis, it was sug一

gested that the activities of both PA and proactivator

were somewhat enhanced in the former as compared to

the latter. The PA activity was relatively strong in the

cases of slight inflammation with chronic sinusitis as

shown in Fig. 3. 0n the other hand, the proactivator activ-

lty was strongest in tissue extract of AP, followed by tis-

sue extract of NP (Fig. 3)15).

FIBRINOLYTIC ACTIVITY IN

THE CIRCULATING BLOOD IN PATIENTS

WITH INFLAMMATION

Inflammation is the localized characteristic re-

sponses of tissue to injury. Plasminogen-plasmin system

plays an important role in the process of inflammation

as a chemical mediator. Therefore, activation of plas-

minogen-plasmin system at the locus of inflammation in-

fluences the fibrinolytic activity in the circulating blood.

Three parameters in blood fibrinolysis, viz, the levels of

fibrinogen, plasminogen, and fibrinogen and/or fibrin deg-

radation products (FDP), were measured in patients

with acute tonsillitis and the results were compared

with those of healthy adults. The content of fibrinogen

in acute tonsillitis increased significantly (p<0.001),

(slight)(strong)　Nasal AnJrochoana' Papilloma Carcinoma
chronic sinusitis polyp polyp

Fig. 3　Fibrinolytic activity of tissue extract iりvarious le-
sions involving the nasal and paranasal cavityl". Open

columns indicate the lysis area of the extract alone, and

shaded columns indicate the lysis area of a mixture of
SK and the extract. The columns and bars show the

mean ± standard deviation.

that of plasminogen decreased significantly (p<0.005),

while FDP showed a higher value (p<0.01). The above-

mentioned changes in the three parameters of the fibrino-

lytic system in acute tosilhtis suggest that PA is

released into the blood, activates plasminogen and that

the plasmin thus produced digests fibrin or fibrinogen, in-

creasing the level of FDP16). Chronic inflammation of the

tonsil is temporarily changed to acute inflammation in

positive cases of the provocation test. In other words,

provocation tests lead to acute exacerbation of chronic in-

flammation. To clarify the relationship between the

positiveness of the provocation test in focal infections

and the increase of nbrinolytic activity in the circulating

blood, we carried out provocation tests by means of

ultra-short wave stimulation in patients with focal in-

fection including palmoplantar pustulosis and examined

the changes in fibrinolytic activity of the circulating

blood. In the positive group with palmoplantar pus-

tulosis although in both pre and post provocation tests

there were no significant differences, the t-PA level was

slightly increased after provocation, but in the negative

group it decreased. The FDP level in the positive group

was increased after the provocation test, while in the

negative group it increased slightly although in both

groups there were no significant differences. The anti-

thrombin III (AT-IE ) activity in the positive group with

palmoplantar pustulosis was decreased, but in the nega-

tive group it increased slightly although in both pre and

post groups there were no significant differences. The

anti-plasmin (APL) activity in the positive and negative

groups was increased. It is known that α2-plasmin inhibi-

tor (α2-PI), which displayed the so-called APL activity,

represented one of the acute-phase reactants and this

inhibitor could easily undergo changes through simple

mechanical stimulation of the tonsil. A positive provoca-

tion test is accompanied by an increase in fibrinolytic ac-

tivity in the circulating blood of patients with focal
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Table 3　Summary of results obtained by affinity chromatography of cultured lymphocytes and medium in relation to the ex-

istence of plasminogen activator醐

Days

cultured

Nontreated Nontreated

Nontreated　　　　　4-　　　　　　　　+

TGF BGF

Sensitized

Sensitized　　　　　　+

antigen

Arthus Arthus

(12 h)　　　(24 h)
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n.d. , not determined; +, plasminogen activator present; - , plasminogen activator absent. `'Non-treated" indicates lympho-
cytes from the tonsil of non-treated rabbits. TGF, T-cell growth factor; BGF, B-cell growth factor. "Sensitized" indicates lym-
phocytes from the tonsil of rabbits sensitized with bovine serum albumin. The antigen was bovineserum albumin. "Arthus"
indicates lymphocytes from the tonsil of rabbit with Arthus tonsillitis. Tonsillectomy was performed at 12 and 24 h after the
onset of Arthus tonsillitis.

Fig. 4　A proposed mechanism forthe developmentoftonsillo-

genie focal infection from the view of proteolysis.

infection of the tonsil, and the increase in fibrinolytic ac-

tivity is closely related to the positiveness of the provoca-

tion test"

FIBRINOLYTIC ACTIVITY IN ANIMAL MODEL

OF INFLAMMATION

It is known that various inhibitors of the coagu-

lation-fibrinolysis system are acute phase reactants, and

the levels of these inhibitors in inflammation increase

with the strength of the inflammatory response. Further-

more, the changes of fibrinogen in the blood have been

found to parallel the changes in acute phase reactants

and gamma-globulin, and the fibrinolytic activity in the

blood has been found to increase at the initial stage of

non-specific inflammation. The possible role of　α 2lP】 in

inflammatory responses was investigated using an am-

mal model of inflammation. After subcutaneous injec-

tion of carrageenin into the dorsum of rats, the APL in

the plasma was significantly higher than that in the

plasma of non-treated rats (p<0.001). On the other

hand, the APL activity in the exudate of carrageenin

pouch was significantly decreased18'.

As an experimental model of human tonsillitis,

Arthus tonsillitis of the rabbit was produced19'. It was

found that the changes of fibrinolytic activity occurring

in the circulating blood of rabbits with Arthus tonsillitis

were similar to those of humans with acute tonsillitis.

In comparison to the control group, an increase of fibnn0-

gen content, slight decrease of plasminogen content and

remarkable decrease of whole plasmin were observed.

from the first to the third day at the onset of Arthus ton-

sillitis. Fibrinolytic activity of blood correlated to the in-

flammatory process of Arthus tonsillitis, which may

modify the clinical process of the tonsillitis. The mecha-

nism of the increased proteolytic activity at the tonsil

with Arthus-type tonsillitis was examined using cell cul-

ture of lymphocytes originating from the tonsil with

Arthus-type inflammation2". That is, lymphocytes iso-

lated from tonsil tissue of the rabbit were cultured in a

culture medium for the short term. PA did exist in the cul-

ture medium of lymphocytes originating from the tonsil

of rabbits with Arthus tonsillitis but did not exist in

that without Arthus tonsillitis (Table 3). Therefore,

PA originating from lymphocytes of the tonsil may

play an important role in the increased proteolytic activ-

ity observed at the local site of Arthus tonsillitis. Accord-

ingly, it was suggested that the development of the focal

infection on tonsil was closely related to the increased ac-

tivity of PA derived from lymphocytes and proteolytic

degradation of constituent protein by plasmin (Fig. 4).

Fibrinolytic activity of mucous membrane of tympa-

nic cavity with carrageenin-induced otitis media of guin-

ea pig was determined2". After induced otitis media, the

fibrinolytic activity at day 7 increased, compared with

the activity at day 3 after injection and that of non-

treated mucous membrane. It was suggested that the in-

creased fibrinolytic activity at the late stage of

experimental otitis media played an important role in re-

pairing the inflammatory locus.
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CONTROL OF INFLAMMATION WITH

ANTIPLASMINIC AGENT

Experimental pleuntis in rats induced by turpentine

appears to be a useful model for observing the relation-

ship between systemic fibrinolytic enzymes and the proc-

ess of inflammation at the local site22'. After the in-

jection of sesquiterpene, marked fibrinolytic activity was

observed in the plasma, and slight but transient fi-

brinolytic activity appeared in the pleural effusion. Fi-

brin deposition on the pleura! walls reached a maximum

on day 7, after which adhesion of the pleural walls was ob-

served. Administration of trans-aminomethylcyclohexane

carboxilic acid (t-AMCHA), one of the antiplasminic

agents, suppressed the hbrinolytic activity of both the

plasma and pleura! fluid, and fibrin deposition reached a

maximum on day 3. Adhesion was also observed to occur

early. That is, fibrinolytic enzymes play a significant

role in pleurisy and it is clarified that an antiplasmjnic

agent can promote pleural adhesion.

Experimental studies of acute inflammation in the

tracheobronchial lumen of rats suggest that protease in-

hibitor increases in tracheobronchial secretions in order

to control inflammation2'. The polyvalent protease inhibi-

tor, Miraclid⑬　derived from human urine, is useful for

treating DIC and acute pancreatis. Effects of administra-

tion of Miraclid⑧ by means of ultrasonic nebulization

was investigated on the inflammation of the upper air-

way in rats. Compared to the administration of physio-

logical saline into the tracheobronchial lumen, admin-

istration of Miraclidョby means of ultrasonic nebu-

hzation decreased the fibrinolytic activity in trache-

obronchial secretions231.

Fibrinolytic activity was increased in the circula-

tory blood of rabbits with Arthus tonsillitis, and then t-

AMCHA was administered intravenously to rabbits, in

order to clarify its role as an antiplasminic agent in the

control of Arthus tonsillitis24'. After the injection of the

antiplasminic agent, fibrinolytic activity decreased and

whole plasmin was not consumed as a result of the admini-

stration of t-AMCHA during the early stage of tonsilli-

tis. The process of Arthus tonsillitis can be controlled by

the administration of the antiplasminic agent.

DISCUSSION

It has been known that two different types of PA ex-

isted in various cells, tissue extract and body fluid. The

two PAs could be differentially classified into t-PA and U-

PA based on its immunological characteristics. That is

to say, it has been reported that t-PA and u-PA are

lmmunologically distinct molecules encoded by different

genes25261. Unlike t-PA, u-PA does not have a specificity

for the binding to fibrin, t-PA is found in vascular endo-

thehal cell, liver cell and neuron, and plays an important

role in the intravascular fibrinolysis and thrombolysis.

On the other hand, u-PA does not play an important role

in the intravascular fibrinolysis but plays an important

role in ejctravascular fibrinolysis or proteolysis. Accord-

ingly, it has been known that u-PA is related to tissue

remodelling and cell migration under physiological and

pathophysiological conditions. In addition, it is known

that plasminogen activator inhibitors (PAD which in-

hibit the activities of t-PA and u-PA exist in various

organ and cell. PAI-1, especially, is often found in associa-

tion with adhesive glycoprotein, vitronectin or S protein

under physiological conditions. This association of PAI-1

with the extracellular matrix stabilizes PAI-1 in its ac-

tive conformation, but does not interfere with the inhibi-

tion of the PAs"'. PAI-1 inhibits the activity of t-PA and

u-PA and accelerates the degradation, internalization or

clearance of t-PA and u-PA via the complex formation of

t-PA, u-PA and PAト1. Although PAI-1 activity and anti-

gen in tissue extracts of PMM with chronic sinusitis and

AP were not determined in this study, it was inferred

that the inhibition of t-PA and u-PA induced by PAI-1

may be weak in tissue extracts of PMM and AP. In addi-

tion, the existence of u-PA in tissue extracts of AP was

confirmed in our study and it was emphasized that the

proliferation, enlargement and remodelling of PMM in

paranasal cavity is induced by u-PA. It is known that the

depression of t-PA and enhancement of u-PA is observed

in synovial fluid with rheumatic arthritis. Furthermore,

in joint inflammation, the depressed t-PA mediated plas-

minogen activation, although more than compensated by

the enhanced u-PA mediated plasminogen activation, re-

suits in protraction of fibrin removal . The elevated U-

PA in local inflammation induces plasmin generation and

the formation of fibrin degraded products. It has been re-

ported that FDP, especially FDP-D dimer induces the se-

cretion of interleukin-1 and u-PA, and regulates lnfla-

mmation . In addition, it is also known that FDP plays

an important role in the acceleration of angiogenesis and

tissue remodelling of chronic inflammation and wound

healing301. From the previous results obtained from our ex-

periments and the other literatures, it was clarified that

fibrinolytic enzymes in inflammation have an important

role in extension, ending and repair at the lpcal inflamma-

tory sites. Furthermore, it was suggested that the suppres-

sion of the elevated activity of fibrinolytic enzyme at the

initial stage of acute inflammation could control the proc-

ess of inflammation. On the other hand, the enhancement

of fibrinolytic activity at locus of inflammation may ac-

celerate the tissue repair and angiogenesis in chronic in-

flammation.
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