(FMRREF. KRB (TR, #E L~~~ b& Y
VoAU Re GEREIZAWL, —EIX
RNA later®(Life Technologies, Carlsbad, CA,
US)THLEE L, PCR AT MK S L, —EL AR
RO EE-80°CTHAE X, ELISA T MR &
L7z,

3. ELISA

PR E N7z BRE I SR AR SR % . CelLytic ™
MT Cell Lysis Reagent (Sigma-Aldrich Japan),
cocktail (P8340

protease inhibitor

Sigma-Aldrich Japan) . benzonase
endonuclease (E1014 Sigma-Aldrich Japan)®
BEBCTHREY =F A ALk, FEV ) A XX
NI > 7N 4°C, 15,000 EIEE T 10 43 O
L. k¥ % ELISA A AV 7z, WL E 450nm
A r7uZb—h) == ANTRE LK,

IL-33. ST2 [ZOW\WTH U7 EEEITV, Th

Zkh abcam tt (BHE) Ox v NEFEHLZ,

4. ey LA RRARAT
BB IS T RO K 5 By a2 T L,
« ft IgE #L 1K (rabbit polyclonal, against
e-Heavy Chain, from Nichirei, Tokyo, Japan)

* $1 eosinophil major basic protein (MBP)HL{A&
(mouse monoclonal, clone BMK-13, Millipore,
CA, USA)

« 5t Fce receptorl #i{& (mouse monoclonal,
clone 9E1, from abcam, Tokyo, Japan)

- $1 Fce receptor2 (CD23) #H & (mouse
monoclonal, clone 1B12, from Nichirei, Tokyo,
Japan)

- 1 mast cell tryptase #1{& (mouse monoclonal,

clone AA1, Thermo Fisher Scientific, CA, USA)

- i MREMIE (plasma cell) #HifE (mouse
monoclonal, clone VS38c, Dako Cytomation
Japan, Kyoto, Japan)

-5t CD3 (T #18) Hif& (rabbit monoclonal, clone
SP7, Nichirei, Tokyo, Japan)

- §1 CD20 (B #iE) $Uf& (rabbit monoclonal,
clone L26, Nichirei, Tokyo, Japan)

- H1 IL-33 ¥Hif& (mouse monoclonal, clone
Nessy-1, from Alexis Biochemicals, CA, USA)

+ 51 ST2 #Hif& (mouse monoclonal, clone HB12,
from Medical & Biological Laboratories,
Nagoya, Japan)

F7- ST2 BHEMEOMEELZRET 2720,
MBP & ST-2, mast cell tryptase & ST2, CD3

& ST2 D 2 B E FNENHIT LTz,

B5 PR i e D FHE I G AR AR 2 S BRI ER I
TEfEs (400 fF) TEZEL, BIESIC 5 HET
Bt x . EH LT,

5. E&PCR

RNA later® T/ = N7z ##k 2 ISOGEN
(Nippon Gene, Tokyo, Japan) C%&fi# L. # RNA
i L7, mRNA #E % Applied Biosystems
7500 Real Time PCR System (PE Applied
Biosystems, Foster City, CA) CHIE L7z, 77 A
~—K 7’1 —71% human B-actin, IL-4, 5,
13.33.ST2,FceR1la,CD23 (22T PE Applied
Biosystems THHR SN TWH LD EEAL
mRNA ¥#i1X TagMan detection system CillE
L7z, Nuclease-free water Z &= hr—L
ELTHERA L

FEXTBIERDTZH A ACt EEZRAWE, ~NT R



X — 1t 7 &+ (housekeeping gene, HKG) %
U7 7 LAl LT mRNA BEOMEZ{T- 7,
HKG & LTl B-actin (ACTB)% % A iz, ¥1
kB A > & HKG @ threshold cycle (ACt sample,
ACt control) Z#HIE L. ACt value (AACt, ACt
sample — ACt control) & L7z, ZDELY
relative quantitation (RQ) value ( RQ = 24Ct)
EEE L,

6. MEHENT

WeEtALEE X SPSS 5t Y 7 b (SPSS, Chicago,
IL, USAZ AW, ®TOT7T—ZiL, BFFHOF
KEEEBRECTKRD L, A — T M OHENT
2 BHHE oI
Mann-Whitney U test # H\ /2, 11-33, ST2 ®
ELISA [ZOoWTIIARHER OHEIZ t EZ H W
7o BEZEIZp<.05D%FEE L LT,

Kruskal-Wallis test # .

(B~ DB E)
LR BRI R R R F IR E 7 R 2 F
DHEFEEERICHEL, AREZETERLL
(FAFRFE 5 2487, 2656),

C. ARHER
1. SRLIE T JOE M O R RIAEAT

IR ERE (H-E 4e6) . < A bia2k (mast cell
tryptase BPERIRD) . TEEMIIE (VS38c BE A
fa) . T Mfask (CD3 BEAmAL) . B #lgdk (CD20
B RE) | IL-33 B EAlia, ST2 Eiiiiad, IgE
PR RS, FeeR1 BpPEMIAa%k. Fece R2 Bk
FHfaEL (CD23 BFEAMID) & AFERERMER| BRI RE
WY =7, FEHBERIERRIERER ) — 7 IR

BREs o o — VEEER SR CEHEI L7z,

TFEARREO I ATIA BRI B BIERBER V) — 7' (n=18,
127.6; 53.2-385.2) T = > h 1 — L (n=8, 0.0;
0-3.8; p <.001), FEAFBABRVER|SIERFEARY —
(n=18, 3.3; 0-47.8; p < .001) & bk UEALICHES
LWz, BEMIAEI I IR BEER R SRR
J—7 (=16, 33.1; 11.8-84.2) T2 > h m—/L
(n=7, 6.0; 2.0-7.4; p <.001), AFERERMEEEIEJHE
RY —7(n=17, 21.6; 2.4-51.2; p < .001) & h#z L
BALITHEZ LTV e, B MARED RIARICIRIFEAER
PRI BEERER Y — 7 (n=18, 94.6; 16.0-282.3) T
a2 ha—(n=7, 3.3; 2.25-13.5; p <.001), HFER
ERMERIBEREEAR U — 7 (n=17, 54.0; 22.7-183.3;
p <.005) & LB UB(LICHEZ LTz, < A N
Ragk, THREICOW TSR TAEELZRDA
o 72 (p>.05),

ST2 BRI C OB T LM, WENK
MR, BRAERRIC AR LCR Y | HERERMERI Sk
BRI -7 CIIERTREOREMIRIZ S LT
Wz, ST2 MRS I BRER MBI SRR FE AR U
—7(n=11, 65.0; 9.6-225.6) T2 h 2 —/(n=6,
1.5; 0-5.2; p<.0001), FEAFERERIEEISRIPEIHEAR Y
—7'(n=13, 10.2; 0.4-34; p<.0001) & Lt#k L{EAT
I L Qe IL88 iR L TRy, T
NTOFITBWT EAGMIE, M N M
LTRY, e Z— 32 TORTRETH-
7,

IgE AR L AT PR ER VLRI B R BE R U — 7,
FEMF BRI BIEREER Y — T D LR TREDOR
SEMBRIZ 078 LT\ e, IgE SRRSO T BeEk
PERISFEREER U — 7 (n=16, 14.8; 4.4-28.8) T=
¥ ke —/1(n=7, 0.0; 0.0-3.8; p<.001), FELFEAER
MR BELABEARY — 7 ®=18, 3.8 0.0-20.0;



p<.001) & Eb#: UBEALICHEZ LT,

FeeR1 BEMEMIRR © IgE FHMEMAR & [RIARIC 47 ER
HRMERIBIEREER U — 7 FEAFBRERIER B R R
RN =7 D LR TREORIEMIAIZ oML Tz,
Fc e R1 [BYEMIAOEUT AT BRERIE R SR BER U —
7(n=15, 7.0; 3.2-15.0), FEAFERBRMEE] SIERRER
) —7(0=17, 5.8 1.0-17.9TENFh = b
— VB 0=7, 1.0; 0.2-4.4; % Zh p<001,
p<.005) L W BALICHE LWz, £z, EFET
J& D FeeR1 ML IgE BEMRE & BT
EDOMHBEBEFRICH >l = 39, r = 0.9821,
p<.005), CD23 BEtEHiRa X i & B B 0 oAm L
TWDHA, FHL bIFEFICHREN D 20T,

2. Th2 Bl#EHY 1 A v & FDOZRIBDOIREMRE
#r (F& PCR KU ELISA)

IL-5.1L-13 i3 mRNA L ~L ChFERBR MBI 4 e
REERY — 7T ba—)v, FEFERERMERI S
RERY —7 g LEMICHEZ LT (¥
19), IL-4, IL-83 122V Tid mRNA L~ T4
HTHABEEZROLRNoTz, £72IL-3312250T
1T ELISA JBIZ LB % 7 EE LT e BN EEE
THEZEZRD o7,

IL-4, IL-13 DILBOZEETH S IL-4 i
Z — 2OV TiE mRNA L)L TR BRI B & e
REERY —7 | FFBBRMERIRERFERY — 7T
ay hu— bk B UL S LT,

ST2 iX mRNA L~L, EH L1 (ELISA (2
LOERE) & bIMEKMRIBERHRY) —7 T
v ha— b b B LB S LT e, FEIFER
BRERIBIEAER) — T L IXAEBEERD 2,

277,

3. ST2 BBHEMIEREDRE

ST2 B HfRFERE D 7= EERTURIEIZ L 5 2
BUEEITo/, ST2 &IFEEEkEE#+ 5 MBP
DEREEIIREW T, ZEEMMIL BRI
BERFERY — 7Tk MBP BEiE4FEEEk+ 0
14.9-58.7% (F9fE 38.83%, n=7) TH Y, FHiFiE
BKRMREERER) — TR ZEBEEZ
0-10.3% (FRfE 0%, n=7) THotz, £z, ST2
B O ST2-MBP B B R 134T FRER R
BIERFER Y — 7 Cl% 78.9-97.1% (FHRE 89.8%
n="7) T o7z DT LIELFERRENE R B SRR
U =T 0-15.5% (F 94 0% n=7) ThH o7z,
MBP [GtEfilad, ST2 BMraF & I ZEE
PESRITAFIRERME R BB RBE R U — 7 CIEAFERER
MHEIBMERER ) —7 L B LEMICEm» - -
(p <.0005), ST2-~ A il —EGL e TITERE L
b ZHEBEMRIZIZ S A YR < ST2-CD3 (T #f
fa) ZERACIIAH T EREAR AR DR

277,

D. %

E9 IL-33 I2 DWW T, LI D& Tl Th2 B
RETHLT LA F—HERPHERETLEAT
D IL-33 EANRE =N TS, BHRIEPERIC
BONTORY —F DR ERHEICBV T, 18K
B DESNITE RIS DER & thE L T
IL-33 REEHLTNWDEWVWIRERHD, L
LA ClZ & 237 L~y mRNA L~UL &g
BB CTEIRD 20T,

—5 T, L33 DLETH—Thd ST2 T2\
TR BEREFROR Y —FTa vk
o—L LB L CH %7 mRNA &L FEEICE
FEEBL T, £, FRRERMRISIERFEDORY



— 7 TIIF BRI R RERRER Y — 7 & i
L. BEIC ST2 BHEDHFBRIRPHEL LTz, T
DFE S VT EEER IR BIES T BT, FEEER D
ST2 & H/8 upregulate SNTHY | KU —Ff
DIIEML D THFERER DS 172 TL-33 DARAIHERD
Lo TNBHIERFREND, RILESICTV
NE—IRBTO ST2 BERERIT VLF—HR
£RT NE—MHEEATHHES LTS, i
ST2 B4 T #fe (CD3 ML) 1$RB Do
7o Z e h | BIBEREEA T TL-33 13 T MARiC
EHERA LR EARBREND,
A E DFER TIL ST2 BUILFBRER M, FEATERER
BIBREROBHB CEERD RPN, Zh
X ST2 BRHIICRIEL TV D72 i EEEk T D
m3EB 2 mRNA REB V-V TRREN 727>
e EEZOND, FERERIL IL-33 OIERYHIA
D—DThH2D &SI BRI TD ST2 BE bW E
ENTWVER, FEEERTD ST2 EEOFERUIZ OV
THEHBB RSN TVDLERTH D, Wong b
Western blot & THFERER T ST2 & v /%7 D3
BLEZFERI L TW D23, ‘Cherry BRI & 5
Bt U7 S ERBRCIE ST2 134 V%7 LUV Tid s
FHLTWARVA mRNA LUV TRFEER LTINS
EHE LTWD, IFEEERTO ST2 BERITMIiEOE
PNTWVWARETELAESND LEZ DN TEY,
W B K %
colony-stimulating factor 7F7E T2 T 5 &M

granulocyte  macrophage

MOEEIZ ST2 REIFTH EHESNTWVWD, AE,

FELFER ERMEBI B E R DM BRI THRERAIZB W
T ST2 EHzRBOpm-o7c#B\ L LT, ST2 %
BLA_RAPMED 072l RERETHRE SR
Mol FREMED B D,

IL-33 iE7 L AF—MHEEBRET LT X, &b

DT VAF—EBRIZBNTT LILA ORIl
WCE - THIEER LY OWENRHEINT

W5, BIRERICBWTS, IL-33 SWHRKE T

DERNDBLETHY, SBROFEL 2D,

IL-33 13 BBk DM ERAFIER ZRE L, 4F
BRERDN S DY A ML Uy RESE S, ZX
B DR TIFAFERRERME T 2812 33V C IL-33 1347
BREROBE W ERNT & LTHE 2L BHRES
NTW5, BLELD, IL-33 [ZAFEAERIERISIESR
FEFIDR U — TN T, fFEEER B ST2 HHL %
LT, GFBRERDlEE, EMHELRTF & 72 0 Bl &
REZHEIEDIER LR > TWVDAIEREN R
XNz,

E. %
FERER MR B ERIEF DR Y —
IL-33 DZEAETH D ST2 B &
LoL e B R L TR D, ST2 BEMEAFERER & 4
% LTz, IL-33 & ST2 M EFERERT

LRI SRR O
R RICEERREZRTZLTVD Z LR
e STz,

BT
H 1L, mRNA

F. ERRIER
7L

G. HIEEX
L F3CEER
1) Baba S, Kondo K, Kanaya K, Suzukawa K,

Ushio M, Urata S, Asakage T, Kakigi A,
Suzukawa M, Ohta K, Yamasoba T Expression
of IL.-33 and its receptor ST2 in chronic

rhinosinusitis with nasal polyps. Laryngoscope

124 115-22, 2014
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Excessive Fibrin Deposition in Nasal Polyps Caused by
Fibrinolytic Impairment through Reduction of Tissue
Plasminogen Activator Expression

Tetsuji Takabayashi'-2, Atsushi Kato!, Anju T. Peters!, Kathryn E. Hulse!, Lydia A. Suh’,
Roderick Carter’!, James Norton'!, Leslie C. Grammer!, Seong H. Cho'!, Bruce K. Tan3,
Rakesh K. Chandra3, David B. Conley3, Robert C. Kern3, Shigeharu Fujieda?, and Robert P. Schleimer’

'Division of Allergy and Immunology, Department of Medicine, and *Department of Otolaryngology, Northwestern University Feinberg School of
Medicine, Chicago, lllinois; and *Division of Otorhinolaryngology Head and Neck Surgery, Department of Sensory and Locomotor Medicine,

University of Fukui, Fukui, Japan

Rationale: Nasal polyps (NPs) are characterized by intense edema or
formation of pseudocysts filled with plasma proteins, mainly albu-
min. However, the mechanisms underlying NP retention of plasma
proteins in their submucosa remain unclear.

Objectives: We hypothesized that formation of a fibrin mesh retains
plasma proteins in NPs. We assessed the fibrin deposition and ex-
pression of the components of the fibrinolytic system in patients
with chronic rhinosinusitis (CRS).

Methods: We assessed fibrin deposition in nasal tissue from patients
with CRS and control subjects by means of immunofluorescence.
Fibrinolytic components, d-dimer, and plasminogen activators were
measured using ELISA, real-time PCR, and immunohistochemistry.
We also performed gene expression and protein quantification anal-
ysis in cultured airway epithelial cells.

Measurements and Main Results: Immunofluorescence data showed
profound fibrin deposition in NP compared with uncinate tissue
(UT) from patients with CRS and control subjects. Levels of the
cross-linked fibrin cleavage product protein, d-dimer, were signifi-
cantly decreased in NP compared with UT from patients with CRS
and control subjects, suggesting reduced fibrinolysis (P < 0.05). Ex-
pression levels of tissue plasminogen activator (t-PA) mRNA and
protein were significantly decreased in NP compared with UT from
patients with CRS and control subjects (P < 0.01). Immunohisto-
chemistry demonstrated clear reduction of t-PA in NP, primarily in
the epithelium and glands. Th2 cytokine—stimulated cultured airway
epithelial cells showed down-regulation of t-PA, suggesting a poten-
tial Th2 mechanism in NP.

Conclusions: A Th2-mediated reduction of t-PA might lead to exces-
sive fibrin deposition in the submucosa of NP, which might con-
tribute to the tissue remodeling and pathogenesis of CRS with
nasal polyps.

Keywords: chronic rhinosinusitis; nasal polyps; tissue plasminogen
activator; fibrin; fibrinolysis
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Chronic rhinosinusitis (CRS) is characterized by persistent
symptomatic inflammation of nasal mucosa and is one of the
most common chronic diseases in adults in the United States
(1-3). The etiology and pathogenesis of CRS remain controver-
sial; however, allergies, bacterial and fungal infections, and
structural abnormalities have all been theorized to play a role
(4). CRS is typically classified into CRS with nasal polyps
(CRSwNP) and CRS without nasal polyps (CRSsNP). Sinonasal
tissue from patients with CRSsNP displays a predominant infil-
tration of neutrophils, whereas CRSwNP tissue is characterized
by more intense eosinophilic infiltration and a Th2-based cyto-
kine profile (5). Management of patients with CRSwNP is still
unsatisfactory, and symptoms can persist despite medical treat-
ment and surgical intervention (3).

Nasal polyps (NPs) usually present as edematous masses orig-
inating in and around the middle nasal meatus or paranasal
sinuses. The major histopathological characteristics of NPs are
an infiltration by inflammatory cells, intense edematous stroma,
and the formation of pseudocysts. It has been reported that the
storage of albumin within the edema of pseudocysts determines
the growth and size of NPs (6). However, plasma exudation may
not readily induce edema but may rather pass through the air-
way epithelial layer (7). The mechanisms by which NPs retain
plasma proteins in their stroma remain unclear.
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Fibrin is the major protein constituent of blood clots as a con-
sequence of activation of the coagulation cascade. In inflamed
tissue, vessel permeability is increased, resulting in the leakage
of plasma proteins into the extravascular compartment. Much of
the extravagated fibrinogen can be rapidly converted to fibrin.
Activation of coagulation and fibrin deposition as a consequence
of tissue inflammation are fundamental for host defense to con-
fine infections and for repair processes (8). However, the proin-
flammatory effects of fibrin or the failure to degrade deposited
fibrin may play an etiologic role in many diseases, including
rheumatoid arthritis, multiple sclerosis, status asthmaticus, adult
respiratory distress syndrome, and ligneous conjunctivitis (8-12).

The serine protease plasmin is responsible for the degrada-
tion of crosslinked fibrin (i.e., fibrinolysis). Plasmin is generated
through cleavage of the proenzyme plasminogen by two physio-
logical plasminogen activators, urokinase plasminogen activator
(u-PA) and tissue plasminogen activator (t-PA). The activity of
u-PA and t-PA is inhibited by plasminogen activator inhibitor-1
(PAI-1) (13).

We hypothesized that fibrin deposition as a consequence of
inflammation retains exuded plasma proteins such as albumin,
facilitating formation of intense edema and pseudocysts in
NPs. To test this hypothesis, we investigated fibrin deposition
and the expression of fibrinolytic components in sinonasal tissue
from subjects with CRS. The results provide important new evi-
dence suggesting that excessive fibrin deposition resulting from
reduced fibrinolysis occurs in NP tissue. We have also discovered
important differences in the fibrinolytic cascade between unci-
nate tissue (UT) and inferior turbinate tissue (IT).

METHODS

Patients

Patients with CRS were recruited from the Allergy immunology and
Otolaryngology Clinics of the Northwestern Medical Faculty Founda-
tion (NMFF) and the Northwestern Sinus Center at NMFF. Sinonasal
and NP tissues were obtained from routine functional endoscopic sinus
surgery in patients with CRS. All subjects met the criteria for CRS as
defined by American Academy of Otolaryngology-Head and Neck Sur-
gery Chronic Rhinosinusitis Task Force (1, 14). Details of the subjects’
characteristics are included in Table 1. All subjects gave informed
consent, and the protocol and consent forms governing procedures
for study have been approved by the Institutional Review Board of

TABLE 1. SUBJECT CHARACTERISTICS

Northwestern University Feinberg School of Medicine. Further details
are provided in the online supplement.

Immunohistochemistry

Immunohistochemistry was performed as described previously (15).
Briefly, blocked sections were incubated with antihuman fibrin anti-
body (Sekisui Diagnostics, Stamford, CT) or antihuman t-PA antibody
(Sigma, St. Louis, MO) at 4°C overnight. Details of the methods for
immunofiuorescence and immunohistochemistry are provided in the
online supplement.

Real-Time PCR

Total RNA was extracted using NucleoSpin RNA II (Macherey-Nagel,
Bethlehem, PA) and was treated with DNase 1. Single-strand cDNA was
synthesized with SuperScript Il reverse transcriptase (Invitrogen, Carlsbad,
CA). Real-time RT-PCR was performed with a TagMan method as
described previously (16). Further details are provided in the online
supplement.

ELISA

The plasminogen activators u-PA and t-PA (Assaypro, St. Charles,
MO), eosinophilic cationic protein (ECP) (MBL, Woburn, MA), and
d-dimer (Diagnostica Stago, Asnieres-Sur-Seine, France) were assayed
with specific ELISA kits as detailed in the online supplement.

Cell Culture

The methods for culture of primary normal human bronchial epithelial
(NHBE) cells are detailed in the online supplement.

Statistical Analysis

All data are reported as mean = SEM unless otherwise noted. Differ-
ences between groups were analyzed with the Kruskal-Wallis ANOVA
with Dunnett post hoc testing and Mann-Whitney U test. Correlations
were assessed by using the Spearman rank correlation. A P value of
less than 0.05 was considered statistically significant.

RESULTS

Fibrin Deposition in Patients with CRS

Sinonasal and polyp tissues were collected from 126 subjects with
CRSsNP, 156 subjects with CRSwNP, and 73 control subjects to

Control (n = 73)

CRSsNP (n = 126)

CRSWNP (n = 156) CRSWNP Polyp

Male/female 36/37
Age, yr, median (range) 43 (16-78)
Atopy
Yes 4
No 49
Unknown 20
Asthma
Yes 0
No 67
Unknown 6
Methodology used
Tissue RNA, n (M/F) 16 (7/9)
Age, yr, median (range) 45 (16-62)
Tissue extract, n (M/F) 31 (16/15)
Age, yr, median (range) 45 (19-72)
Immunohistochemistry, n (M/F) 14 (5/9)
Age, yr, median (range) 43 (19-64)
Nasal lavage, n (M/F) 36 (20/16)
Age, yr, median (range) 42 (18-78)

50/76 92/64 —
36 (18-73) 45 (22-74) —
51 73 —
55 52 —
20 31 —
16 66 —
101 84 —
9 6 -
27 (8/19) 33 (21/12) 33 (22/12)
35 (20-59) 38 (23-67) 39 (23-67)
64 (21/43) 61 (39/22) 55 (34/21)
36 (18-73) 44 (26-73) 45 (26-73)
18 (8/10) 16 (9/7) 17 (11/6)
43 (24-70) 52 (33-64) 50 (27-74)
49 (22/27) 48 (35/13) —
36 (18-73) 45 (29-72) —

Definition of abbreviations: CRSSNP = chronic rhinosinusitis without nasal polyps; CRSWNP = chronic rhinosinusitis with

nasal polyps; F = female; M = male.
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determine the fibrin deposition and the expression of fibrinolytic
components in patients with CRS. Subjects’ characteristics are
shown in Table 1.

To evaluate the fibrin deposition in nasal mucosa, we per-
formed immunofluorescence of surgical samples from control
subjects and patients with CRS. Only a small amount of fibrin
was seen in UT from control subjects or patients with CRSsNP,
and a moderate level of fibrin staining was seen in UT from
patients with CRSwNP (Figures 1A-1C); intense staining of
fibrin was found in submucosa of NP from patients with
CRSwNP (Figure 1D). Cellular staining was graded by blinded
observers for intensity, as described in the online supplement.
This semiquantitative analysis showed significantly more in-
tense fibrin staining in NP from patients with CRSWNP com-
pared with staining seen in control subjects or in UT from
patients with CRSsNP (P < 0.01) (Figure 1F). We observed
similar results using Masson’s Trichrome stain, which highlights
fibrin as a pink color (see Figure E1 in the online supplement).
In addition, NP had much less collagen (blue color), which
confirms a previous report (Figure E1) (17).

Extravascular fibrin is ordinarily degraded to fibrin degrada-
tion products (FDPs) by plasmin to prevent excessive fibrin de-
position (18). To assess the levels of FDPs in nasal tissue, we
measured the levels of d-dimer, which is an important FDP.
d-Dimer protein levels were significantly decreased in NP from
patients with CRSwNP (P < 0.05) in comparison with levels in
UT from patients with CRS or control subjects (Figure 2). Taken
together, these findings suggest the presence of excessive fibrin
deposition associated with reduced fibrin degradation in NP.

The Expression of Plasminogen Activators in Patients
with CRS

Fibrin is cleaved by plasmin, which is generated from plasmin-
ogen by two plasminogen activators, u-PA and t-PA. We there-
fore assessed the expression of u-PA and t-PA in UT from
patients with CRSsNP or CRSwWNP and from control subjects
as well as in NP from patients with CRSwNP. Although the ex-
pression of mRNA for u-PA was not different among the four

groups (Figure 3A), t-PA mRNA levels were significantly de-
creased in NP tissues from patients with CRSWNP (P < 0.01) in
comparison with UT from patients with CRS or control subjects
(Figure 3B). To confirm this observation at the protein level, we
made detergent extracts from homogenates of UT and NP tis-
sues and measured the concentration of u-PA and t-PA by
ELISA. In agreement with the mRNA data, although u-PA
protein levels were not different among the four groups (Figure
3C), t-PA protein levels were significantly decreased in NP
from patients with CRSWNP (P < 0.01) in comparison with
UT from patients with CRS or control subjects (Figure 3D).
Tissue plasminogen activator activity was also significantly de-
creased in NP (P < 0.01) (Figure E2). Together, these results
show clear reduction of t-PA mRNA, protein, and activity and
suggest that the fibrinolytic pathway is severely compromised
in NP tissue.

Immunohistochemical Analysis of Plasminogen Activators
in Sinonasal Tissue

To further characterize the expression of plasminogen activator
proteins in patients with CRS, we performed immunohistochem-
ical analysis of surgical samples from control subjects and patients
with CRS to determine whether t-PA expression could be de-
tected. We detected t-PA staining in glands and in mucosal epi-
thelium and endothelium in tissues (Figure 4). Consistent with
ELISA data, t-PA staining in glandular and mucosal epithelium
of control tissue (Figures 4C and 4D) was more intense when
compared with that seen in NP (Figures 4I and 4J and see Table
El in the online supplement) in patients with CRSwNP.

Comparison of Plasminogen Activator Expression between
UT and IT

NPs are known to arise from nasal and paranasal sinus mucosa
that are mainly situated in the middle nasal meatus but rarely
arise from the inferior turbinate (6). We therefore examined
the expression level of plasminogen activators between UT
and IT from control subjects and patients with CRS using ELISA.

Figure 1. Immunofluorescence
of fibrin in nasal tissues. Immu-
nofluorescence was performed
with antifibrin (green fluores-
cence). (A-D) Representative
immunostaining for fibrin in
uncinate tissue (UT) from a
control subject (A), a patient
with chronic rhinosinusitis
without nasal polyps (CRSsNP)
(B), a patient with chronic rhi-
nosinusitis with nasal polyps
(CRSWNP) (C), and nasal polyp

m |

(NP) tissue (D). (E) Negative
£ 34 ® control antibody staining in
2 . NPs from a patient with
» s CRSWNP. (F) Semiquantitative
52- 'f' analysis of fibrin in UT from
§ ° control subjects (n = 5),
g patients with CRSsNP (n = 9),
£ 14 . -% » and patients with CRSWNP
2 % o (n = 7) and NPs (n = 9)
g A8 % ° was performed. Magnifica-
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