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Abstract We evaluated a possible role for fibrinolytidogical processes occurring in various human tissues,
components in nasal secretion by tissue localization wstich as neovascularization, wound healing, ovulation, tu-
immunohistochemical techniques and by measuring thmior invasion, and inflammation (Danf et al. 1985; Los-
antigen concentrations in nasal discharge by meanskuifoff et al. 1989; Carmeliet and Collen 1995). Whereas
ELISA and fibrin autography. Nasal mucosa was obtaingssue-type plasminogen activator (t-PA) is involved pri-
surgically from the inferior turbinate. Urokinase-type plasaarily in clot dissolution, urokinase-type plasminogen
minogen activator (u-PA) specific staining was observadtivator (u-PA) has been implicated in pericellular pro-
in pseudostratified ciliated epithelium and was predonteolysis (Bugge et al. 1996a). u-PA is involved in tissue
nant in mucous cells of the seromucinous gland, while semodeling not only by converting plasminogen to plas-
rous cells were almost devoid of stain. The pattern main, which directly or indirectly degrades tissue proteins
staining of plasminogen activator inhibitor-2 was similafia metalloprotease activation, but also directly cleaves
to that of u-PA. In contrast, plasminogen activator inhildissue proteins such as fibronectin (Glod et al. 1992).
tor-1(PAI-1) immunoreactive material was localized eXheir action is controlled by plasminogen activator in-
clusively in serous cells of seromucinous glands. Posithibitors (PAls), of which PAI-1 appears to be the pre-
staining for tissue-type plasminogen activator (t-PA) wdeminant physiological inhibitor of t-PA and u-PA. PAI-
observed in endothelial cells and basal cells, which diff@- unable to inhibit t-PA as efficiently as PAI-1, is
entiate into either ciliated or goblet cells. Nasal secretiadh®ught to be primarily a u-PA inhibitor (Kawano et al.
were partially fractionated by immunospecific antibody968; Sprengers and Kluft 1987).
immobilized Sepharose. Subsequent fibrin autographyu-PA has been extracted from nasal polyps (Yam-
patterns indicated the presence of u-PA, PAI-1, and t-R&hiro et al.1992) and the maxillary mucosa (Hamaguchi
After methacholine provocation, the level of t-PA inet al. 1985) of patients with purulent rhinosinusitis.
creased transiently but decreased rapidly with subsequikerlund et al. (1993) demonstrated markedly increased
challenges. These differential stainings of fibrinolytifibrinogen levels in nasal lavage liquid from coronavirus-
components and the existence of PAs and PAI-1 in the imstuced common cold patients. These studies, however,
sal discharge suggest that the fibrinolytic system may pkhowed fibrinolytic factors in the tissue extract of the na-
a role in the movement and fluidity of nasal secrevion. sal mucosa or conditioned medium of the cultured tissue.
The current study focuses on the trigger level of fibrino-
lysis by analysis of the tissue localization of u-PA, t-PA,
Introduction PAI-1, and PAI-2 in nasal mucosa. In addition, to evalu-
ate the relationship between fibrinolytic components in
The fibrinolytic system plays an important role not onlthe nasal gland and in nasal secretion, we measured anti-
in degradation of fibrin clots but also in a variety of biaggen concentrations in the secretions by ELISA.
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lent rhinosinusitis, 8 allergic rhinitis, 10 hypertrophic rhinitis, antion. During this period, the volunteers sat with the head bent for-
7 paranasal tumor. All samples were obtained with informed camard and were instructed to breath through the mouth.
sent. Specimens were washed briefly with Hank’s solution and Each nasal secretion collection was immediately mixed with an
fixed for 30 min in an ice-cold mixture of 2% paraformaldehydequal volume of 0.05 M TRIS, 0.1 M NaCl, pH 7.4, containing
0.2% glutaraldehyde, and 0.2% picric acid in 0.1 mol/l sodiu® mM EDTA, 500 KIU/ml aprotinin, and 5@g/ml neutrophil
phosphate buffer, pH 7.4, followed by postfixation for 10 h at 4°&astase specific inhibitor, Ono-54&¢[2-[4-(2,2 dimethylpropio-
in a second fixative consisting of 2% paraformaldehyde and 0.286oxy) phenylsulfonylaminolbenzoyl] amino acetic acid; Ono
picric acid in sodium phosphate buffer. The fixed tissues wedPdarmaceutical, Osaka, Japan) in order to prevent proteolytic deg-
washed with sodium phosphate buffer containing 15% sucrosedation of fibrinolytic components. Samples were centrifuged
They were placed in Tissue Tek OCT compound (Miles Labora{@000>g, 4°C, 15 min) to remove cells and debris, and the super-
ries, Naperville, 1ll., USA) and immediately snap-frozen in n-hexiatant was immediately frozen and stored at —80°C until use.
ane precooled with dry ice-acetone and then sectioned at 6 mm
with a freezing microtome.

Biochemical analysis of nasal secretion

Proteins and characterization of monoclonal antibodies The fibrinolytic components of nasal secretion were analyzed by

ELISA and by fibrin autography after SDS-polyacrylamide gel
Human t-PA and PAI-1 were purified as described previousyectrophoresis (SDS-PAGE). SDS-PAGE on slab gels was carried
(Sakata et al. 1988). u-PA was a kind gift from Mochida Pharmaut using 9% resolving gels and 4% stacking gels according to
ceutical (Tokyo, Japan). Bovine serum albumin (essentially fattpemmli (1970). Fibrin agar indicator gels were prepared as previ-
acid-free, globulin-free) was purchased from Sigma (St. Louisysly described (Sakata et al. 1985). After electrophoresis, the
Mo., USA). Monospecific antisera against t-PA, PAI-1, u-PA argkls were soaked in 2.5% Triton X-100 for 1.5 h at room tempera-
PAI-2 were prepared in rabbits as described (Sakata et al. 1988, patted dry with paper towels, and applied to the surface of fi-
and affinity purified with each antigen immobilized to Sepharodgin agar indicator gels. For fibrin autography, the dark areas of
4B. Murine monoclonal antibodies against t-PA, PAI-1, and u-RAe indicator film indicate the presence of PAs in the acrylamide
were prepared and characterized with standard methods asgeé¢-To determine the type of PA, the supernatant of the nasal se-
scribed (Wakabayashi et al. 1986; Sakata et al. 1988, Sakataretion was mixed with an equal volume of 0.05 M TRIS, 0.1 M
al.1991). A monoclonal antibody against PAI-2 (MAI-21) wablaCl, pH 7.4, containing 0.5% Triton X-100 and applied to an an-
purchased from Biopool (Umea, Sweden). ti-u-PA, anti-t-PA, or anti-PAI-1 immobilized Sepharose 4B col-

umn. The pass-through and the eluate obtained with SDS-PAGE

sample buffer were collected and analyzed by fibrin autography.
Immunohistochemical staining

Sections of the nasal mucosa were treated sequentially with 36
hydrogen peroxide in 0.05 M phosphate, 0.1 M NaCl, pH 7.&‘95“"5

(PBS) for 15 min to inhibit endogenous peroxidase activity in

blood cells, and with 3% bovine serum albumin (BSA) in PBBibrinolytic components in the epithelium
containing 0.05% Triton X-100 for another 30 min at room tem-

perature. The treated sections were incubated with the approprj

primary antibody at the desired dilutions (1:250 to 1:1000) in Pégﬁ‘ immunoreactive material was localized predomi-
containing Triton X-100 with 1.5% BSA for 24 h at 4°C. Afteantly in the basal cells, while intermediate cells were

washing extensively with PBS containing Triton X-100, they weadmost devoid of stain (Fig. 1A). Strong staining for u-
processed further with an avidin-biotin-peroxidase system (Vectsa was seen predominantly in the cytoplasm of interme-

stain ABC kit, Vector, Burlingame, Calif., USA). Immunoreactivey; . -
sites were visualized with hydrogen peroxide and diaminobenzi gte cells, but the basal cells were almost devoid of stain

ne, and counterstained with hematoxylin. Control sections wékg. 1D). The staining pattern of both activators was
incubated with 51g/ml of non-immune mouse immunoglobulin Ggranular in the cytoplasm and devoid in the nucleus.

(Pierce, Rockford, Ill., USA) instead of the primary antibodies. Since PA activity is regulated by PAls, the tissue distri-
bution of the inhibitors was of interest. There was no sig-

Collection of nasal secretion nificant staining of PAI-1 in the epithelium (Fig. 2A).
We observed a similar distribution of PAI-2 and u-PA in

Nasal secretion was obtained from ten normal volunteers withehe epithelium (Figs. 1D, 2D). There was no apparent

any finding of rhinitis or sinusitis, and from five patients with alyifference in staining patterns between tissues from nor-
lergic rhinitis and five with purulent rhinosinusitis. The volun-

teers’ mean age was 23.5 years (18-33); three were women % volunteers (one representatl_ve case IS thown_ In
seven were men. The patients’ mean age was 28 years (20-B19S. 1, 2) and those from the patients with clinical dis-
four were women and six were men. Nasal secretion from patiep&se.
with allergic rhinitis or purulent rhinosinusitis was collected by
carefully aspirating the secretion pooled in the nasal cavity
through the anterior nostril without mechanical stimulation.

Nasal secretion from normal volunteers was collected after
provocation with methacholine (acetyl-beta-methylcholine chlo-
ride) by careful aspiration while avoiding mechanical stimulation.
The stimulation was necessary because the usual nasal secr&ignlA—F Immunolocalization of tissue-type plasminogen acti-
volume from normal volunteers was too small for sampling awndtor (t-PA) and urokinase-type plasminogen activator (u-PA) in
analysis. Methacholine powder (Sigma) stored at —20°C, was diasal mucosa. Nasal mucosa was immunostained with anti-t-PA
solved in distilled water (20 mg/ml) immediately before use. Nag#—C) or anti-u-PA monoclonal antibodyD{F). Upper panel
provocation with methacholine was performed 5 times at 10 nghows the sites corresponding/AeF. A, D insetsDifferent mag-
intervals. At each time point, 0.5 ml of methacholine was adminisfication of the same object to show the basal cells and intermedi-
tered by spray through the anterior nostril. Immediately after thee cells in more detailArrows Intermediate cellsarrowheads
spray, secretions were collected until just before the next stimutasal cellsBars10 pm and 5Qum
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Fig. 2A—F Immunolocalization of plasminogen activator inhibi-
tor-2 (PAI-1) and plasminogen activator inhibitor 2 (PAI-2) in
nasal mucosa. Nasal mucosa was immunostained with anti-PAI-
1 (A—C) or anti-PAI-2 monoclonal antibod¥( E). Upper panel
shows the sites correspondingAeE. A insetDifferent magni-
fication of the same object to show the basal cells and intermedi-
ate cells in more detaiArrows Intermediate cellsarrow heads
basal cellsBars10 um and 5Qum
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Fig. 3A, B Electrophoretic and
fibrin autography analysis of fi-
brinolytic factors in nasal se-
cretion. Samples were fraction-
ated by SDS-PAGE under non-
reducing conditions and sub-
jected to fibrin autography
Nasal secretion, 100l ob-
tained from normal volunteers
by single methacholine provo-
cation (ane J), pass-through of
the nasal secretion from anti-t-
PA monoclonal antibody-im-
mobilized columnl@gne 2 and
pass-through from anti-u-PA
monoclonal antibody-immobi-
lized column fane 3. B Elu-
ate, 50ul, from anti-u-PA
monoclonal antibody-immobi-
lized column fane 1 and from

anti-t-PA monoclonal antibody-
immobilized columnl@ne 2 1 2 3 1 2

— t-PA/PAI-1

—t-PA
—u-PA

Table 1 Immunohistochemical localization of fibrinolytic factorsAnalysis of fibrinolytic components in nasal secretion
in human nasal mucosa. Immunohistochemical staining of 49 sam-

ples of nasal mucosa was performed. + Strong or moderate imQu: ; ; L
noreactivity in almost all specimens, — no immunoreactivity in a?lwésal secretion was collected and applied to anti-u-PA,

most all specimeng-PA Tissue-type plasminogen activatarPA  anti-t-PA, or anti-PAI-1 antibody-immobilized Sepharo-
urolcinase-type plasminogen activatBAl-1 plasminogen activa- Se. Each pass-through fraction (Fig. 3A, lanes 2, 3) and

tor inhibitor-1,PAI-2 plasminogen activator inhibitro-.?) eluate (Fig. 3B, lanes 1, 2) was analyzed by fibrin auto-
- i i i graphy after SDS-PAGE. As shown in Fig. 3A, both u-
PA uwPA PAL PA2  Paand t-PA activity was found in nasal secretion. In ad-

Surface epithelium dition, almost all u-PA existed as the single-chain form
Intermediate - + - + because no fibrinolytic activity corresponding to a u-PA/
Basal + - - - PAI-1 complex was observed in the fibrin autography

Seromucous glands (Fig. 3B, lane 1). The fibrinolytic activity corresponding
Mucous cells - * - * to a t-PA/PAI-1 complex (Fig. 3B, lane 2) was confirmed
Serous cells - - + - . - L - - :

Endothelium . B _ B by removing this activity from the secretion with anti-

PAI-1 Sepharose (data not shown). Although the mean

Immunohistochemical staining of 49 nasal mucosa was perfornf28l-1 level of purulent rhinosinusitis (15.1+6.3 ng/ml,

as described in Materials and Methods. +, strong or moderate itw5) was higher than that of normal volunteers (3.1t

munoreactivity in almost all specimens; -, no immunoreactivity ip 2 ng/ml,n=10), the absolute levels may vary consider-

almost all specimen:. ably between individuals, because each secretion volume
was different and the secretion from the normal volun-
teers was obtained after a methacholine provocation.

Immunolocalization of fibrinolytic components However, although the size of the lytic zone was differ-

in the lamina propria mucosa ent, there was no apparent difference in the fibrin auto-
graphy pattern between normal and patient secretions

Interestingly, there was a distinct difference of stainir{gig. 4).

for u-PA, PAI-2, and PAI-1 between mucinous and se-

rous cells of the nasal gland. The data shown is from

normal volunteers and, again, no significant differencEtrinolytic components in nasal secretion

were observed between normal tissues and those after successive stimulations with methacholine

tained from patients with clinical disease. u-PA (Fig. 1E,

F) and PAI-2 (Fig. 2E) were clearly localized in the mieach methacholine provocation produced similar mea-

cinous cells, while almost no definitive localization wasurable amounts of secretion that varied between individ-

seen in the serous cells. In contrast, PAI-1 immunoreaels from 0.7 to 2.2 ml. Each sample was analyzed by

tive material was localized in the serous cells, where@lsISA and fibrin autography (Fig. 5). After the second

the mucinous cells were almost devoid of stain (Fig. 2Brovocation, t-PA antigen decreased relative to that ob-

C). t-PA immunoreactivity was not found in either mucserved from the first provocation. The u-PA antigen level

nous or serous cells (Fig. 1C), but positive staining was well as the PAI-1 antigen level decreased gradually

observed only in the vessel wall (Fig. 1B). The immunevth each successive provocation. The fibrin autography

histochemistry results are summarized in Table 1. pattern (Fig. 5, inset) corresponded to the data obtained
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by ELISA. Although the antigen levels of fibrinolytic
components in the nasal secretion decreased with succes-
sive methacholine provocations, the pattern and immuno-
reactivity of PAs and PAIs in the nasal mucosa from nor-
mal volunteers were similar before and after provocation.

Discussion

Recently, many investigators have demonstrated the con-
tribution of the PA-plasmin system in ovulation (Liu et
al. 1991), arteriosclerosis (Carmeliet and Collen 1995,
Schneiderman et al. 1995), and keratinocyte movement
(Bugge et al. 1996b), as well as in smooth muscle cell
movement and angiogensis (Carmeliet et al. 1997). Fi-
brinolytic components in nasal tissues have been exam-
ined mainly by measuring antigen levels in tissue ex-
tracts (Kosugi et al. 1982; Hamaguchi et al. 1988). How-
ever, their distribution and physiological roles in nasal
tissues are not yet understood. In this study, two novel
1 2 3 4 5 observations arose from the immunohistochemistry data.
Firstly, the type of PA in the epithelial basal cells was

Fig. 4A, B Fibrin autography analysis of fibrinolytic componentgiﬁerent from that in th_e inter_mediate Cje”S (Fig. 1_) and
in nasal secretion from patients. Samples were analyzed by fitigcondly, u-PA colocalized with PAI-2 in the mucinous
autographyA Nasal secretion 100, obtained from allergic rhini- cells in the lamina propria and in the epithelial cells

tis patients lanes 1, 2-Band that from normal volunteers by Sin(Figs. 1, 2). PAI-1 immunoreactive material was local-

gle methacholine provocatioriafies 4, % B Nasal secretion, ized sol’el in the serous cells

100 pl, obtained from purulent rhinosinusitis patiensnés 1, 2, y .

3) and that from allergic rhinitis patientsues 4, ¥ According to a hypothesis put forward many years
ago (Breeze and Wheeldon 1977, Jafek 1983), interme-

diate cells are derived from the basal cells and represent

12 intermediate stages of development into either ciliated or
goblet cells. The current observation that u-PA and t-PA
101 t-PA/PAI-1 distributions differ between the basal and intermediate

cells raises the possibility that specific receptor and/or
signal transduction pathways for expression of the PAs
change during differentiation. The observation that u-PA
stained the pseudostratified ciliated epithelium suggests
that u-PA activity may be help the ciliated cells to move

the mucous blanket lining of the nasal epithelium by

moderately reducing the viscosity of the fluid.

Like amylase (Tachibana et al. 1986), PAI-1 was pro-
duced predominantly by the serous cells of the nasal
glands. Although PAI-2 is currently thought to be pri-
marily a u-PA inhibitor, PAI-1 can still inhibit both t-PA
and u-PA almost 10- to 100-fold more efficiently (Spren-
gers and Kluft 1987; Loskutoff et al. 1989). In addition,
PAI-1 and single-chain u-PA make a complex, although

0 1 ) 3 4 g ‘ it easily dissociates during SDS-PAGE (Manchanda and
. . Schwartz 1995). u-PA is synthesized and secreted as a
Stimulation single-chain polypeptide and is involved mainly in the fi-
Fig. 5 Level of fibrinolytic factors with successive methacholin@rinolytic process occurring in tissues (Carmeliet and
provocations in nasal secretion. Level of fibrinolytic factors in n&ollen 1995). The different localizations of PAI-1 (se-
sal secretion from normal volunteers obtained by successive methus cells) and u-PA (mucinous cells) may contribute to
?DC')“O'BE itlT:l)latg)nndV\{eg’eA/rSX?iuL%dmt;)){el)z(l;z)SAlRIgrSlE-I@éEe-Pﬁ\x a delayed inhibition of u-PA activity after secretion. It is
preésed as me’antSD,:G. Insetshows the fibrin autography of aaISO po_ssmle that PAI-2 is a primary _|nh|b|tor of u-PA in
representative samy:ie these tissues because of colocalization. Although further
study is necessary, this selective localization of fibrino-
lytic components suggests a role for these proteins in
maintaining normal nasal gland function.

t-PA+uPA

Concentration (ng/ml)
=)

=
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Although t-PA was found in nasal secretion (Fig. 3Panf K, Andreassen PA, Grondahl-Hansen J, Kristensen P, Niel-
t-PA immunoreactive material was not observed in the Sen LS, Skriver L (1985) Plasminogen activators, tissue degra-

: . : dation and cancer. Adv Cancer Res 44:139-266
nasal gland (Fig. 1). Since methacholine enhances Vasea L, Tostagno A, Frangione B, Passalaris T (1992) Localiza-

lar permeability only slightly (Raphael et al. 1988), and tion of the cleavage sites on fibronectin following digestion by
the level of t-PA in the secretion with the second provo- urokinase. J. Cell Biochem 50:441-452.

cation decreased significantly (Fig. 5), it is unlikely th&tamaguchi Y, Ohi M, Sakakura Y, Miyoshi Y (1985) Purification

_ ; ; and characterizaton of tissue-type plasminogen activator in
plasma t-PA was induced by methacholine. Furthermore.’maxillary mucosa with chronic inflammation. Thromb Hae-

successive methacholine provocations did not induce ei-most 54:485-489
ther continuous secretion or depletion of fibrinolytigafek BW (1983) Ultrastructure of human nasal mucosa. Laryngo-
components from the gland or endothelial cells. There- scope 93:1576-1599

fore, it is more likely that secretion of the fibrinolytidensen PJ, Rodeck U (1993) Autocrine/paracrine regulation of ke-
' ratinocyte urokinase plasminogen activator through the TGF-

components was induced by some stimulus other thanyegF receptor. J Cell Physiol 155:133-139

the methacholine, and they stayed in the duct as a aéwano T, Morimoto K, Uemura Y (1968) Urokinase inhibitor in
stituent of the mucous blanket. Most probably, metha- human placenta. Nature 217:253-254 _ _

choline provocation simply increased the volume of thkaemmli UK (1970) Cleavage of structural proteins during the as-

. g . sembly of the head of bacteriophage T4. Nature 227:680-685
nasal discharge and washed out these fibrinolytic compg:3x. F}éng XR. Ny T (1991) Tigsug-specific e e coor

nents from the duct and blanket. _ ~ nated hormone regulation of plasminogen-activator-inhibitor
These components may play an important role in type 1 and tissue-type plasminogen activator in the rat ovary

maintaining the fluidity of the nasal discharge. The pro- during gonadotropin-induced ovulation. Eur J Biochem 195:

. . . 549-555
duction of the fibrinolytic components are regulated t?_)éskutoff DJ, Sadway M, Mimuro J (1989) Type 1 plasminogen

several cytokines (Sadwey and Loskutoff 1991; JenseNactivator inhibitor. Prog Hemost Thrombos 9:87-115

and Rodeck 1993). Inflammatory cytokines, such as manchanda N, Schwartz BS (1995) Interaction of single-chain
terleukin-1, upregulate the production of PAI-1 as well urokinase and plasminogen activator inhibitor type 1. J Biol
as fibrinogen (Loskutoff et al.1989). This would des_ Chem 270:20032-20035

g . AR . phael GD, Druce HM, Wright, RH, Kaliner M (1988) Patho-
crease fibrinolytic activity in the nasal secretion and may physiology of rhinitis. I. Assessment of the source of protein

contribute, at least in part, to the increased viscosity of in induced nasal secretion. Am Rev Respir Dis 138:413-420
the secretion in the case of infectious rhinosinusitis.  Sadwey M, Loskutoff DJ (1991)Regulation of murine plasmino-
gen activator inhibitor 1 gene expression in vivo. Tissue speci-

Acknowledgements This work is supported in part by Grant-in- ficity and induction by lipopolysacharide, tumor necrosis fac-
aid for Scientific Research number 09470234 to Y.S. from the 0r-& and transforming growth factor-b. J Clin Invest 88:

Ministry of Education, Science, and Culture of J . 1346-1353 -
ISty ucatl ! ulture of Japan Sakata Y, Curriden S, Lawrence D, Griffin JH, Loskutoff DJ

(1985) Activated protein C stimulates the fibrinolytic activity
of cultured endothelial cells and decreases antiactivator activi-
References ty. Proc Natl Acad Sci USA 82:11221-11225
Sakata Y, Okada M, Noro A, Matsuda M (1988) Interaction of tis-
Akerlund A, Greiff L, Andersson M, Bende M, Alkner U, Persson sue-type plasminogen activator and plasminogen activator in-
CGA (1993) Mucosal exudation of fibrinogen in coronavirus- hibitor 1 on the surface of endothelial cells. J Biol Chem
induced common colds. Acta Otolaryngol (Stockh) 113:642— 263:1960-1969

648 Sakata Y, Murakami T, Noro A, Mori K, Matsuda M (1991) The
Breeze RG Wheeldon EB (1977) The cells of the pulmonary air- specific activity of plasminogen activator inhibitor-1 in dis-
ways. Am Rev Respir Dis 116:705-777 seminated intravascular coagulation with acute promyelocytic

Bugge TH, Flick MD, Danton MJS, Daugherty CC, Romer J, leukemia. Blood 77:1949-1957
Dano K, Carmeliet P, Collen D, Degen FL (1996a) Urokinas&chneiderman J, Bordin GM, Engelberg |, Adar R, Seifert W,
type plasminogen activator is effective in fibrin clearance in Thinnes T, Bernstein EF, Dilley RB, Loskutoff DJ (1995) Ex-
the absence of its receptor or tissue-type plasminogen activtor. pression of fibrinolytic genes in atherosclerotic abdominal aor-
Proc Natl Acad Sci USA 93:5899-5904 tic aneurysm wall. J Clin Invest 96:639-645

Bugge TH, Kombrinck KW, Flick MJ, Daugherty CC. Danton MJSprengers ED, Kluft C (1987) Plasminogen activator inhibitors.
Degen JL (1996b) Loss of fibrinogen rescues mice from the Blood 69:381-387
pleiotropic effects of plasminogen deficiency. Cell 87:709Fachibana M, Morioka H, Machino M, Tanimura F, Mizukoshi O
719 (1986) Amylase secretion by nasal glands. Ann Otol Rhinol

Carmeliet P, Collen D (1995) Gene targeting and gene transfer Laryngol 95:284-287
studies of th eplasminogen/plasmin system:implications Wakabayashi K, Sakata Y, Aoki N (1986) Conformation-specific
thrombosis, hemostasis, neointima formation, and atheroscle- monoclonal antibodies to the calcium-induced structure of
rosis. FASEB 9:934-938 protein C. J Biol Chem 26:11097-11105

Carmeliet P, Moons L, Pioplis V, Plow E, Collen D (1997) ImYamashiro Y, Nakamura M, Huang GW, Kosugi T (1992) Pres-
paired arterial neointima formation in mice with disruption of ence of urokinase type plasminogen activator in tissue extracts
the plasminogen gene. J Clin Invest 99:200-208 of antrochoanal polyp. Laryngoscope 102:1049-1052



