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SUMMARy:  we analyzed by immunohis tochemist ry  the d is t r ibut ion o f  types l ,  l l ,  l l l ,  lV ,  V,  and Vl l  co l lagens,  lamin in '  and

f ibronect in  in  the bronchia l  b iopsy spec imens of  nonasthmat ic  sub jects  wi th  seasonal  a l le rg ic  rh in i t is  (n  :  B)  and compared

these resu l ts  wi th  those found in  mi ld  s tab le  a l lerg ic  asthmat ics  (n  :  6)  and normal  cont ro ls  (n  :  5) '  The content  o f  type I

and l l l  co lagens was increased in  rh in i t ic  sub jects  compared wi th  cont ro ls .  These co l lagens were foca l ly  depos i ted in  the

ret icu lar  basement  membrane area.  Three sublects  wi th  a l lerg ic  rh in i t is  had no f ibronect in  depos i t ion in  the i r  basement

membrane,  as in  cont ro ls ,  whereas the other  f ive  had a foca l  f ib ronect in  depos i t ion.  In  asthmat ic  pat ients ,  type I  and l l l

co l lagens and f ibronect in  were more abundant  and more un i formly  d is t r ibuted underneath the basement  membrane than

they were in  rh in i t ic  sub jects .  Express ion of  type l l ,  l v ,  v ,  and Vl l  co l lagens and lamin in  were s imi lar  in  the three groups '

E lect ron microscopic  and immunohis tochemica l  ana lyses of  bronchia l  mucosa showed a network o f  myof ibrob lasts  beneath

the ep i the l ium in  rh in i t is  as  in  asthma subjects .  These data show that  the i r regu lar ly  d is t r ibuted subepi the l ia l  f ib ros is

observed in  sub jects  wi th  a l lerg ic  rh in i t rs  resu l ts  f rom the depos i t ion o f  type I  and l l l  co l lagens and f ibronect in ,  probably

produced by bronchia l  myof ibrob lasts .  These resu l ts  suggest  the presence of  an act ive s t ructura l  remodel ing in  the lower

a i rways of  a l le rg ic  rh in i t ic  sub jects  that  is  s imi lar  in  nature to  that  seen in  asthma,  a l though less marked '  (Lab lnvest  1996 '
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NonasthmatiG Subiects

leads to an increase in the depth and density of the

lamina ret icular is (Roche et  a l ,  19Bg) '  In normal sub-

jects, the bronchial basement membrane is composed

of laminin and type lV col lagen, to which epi thel ia l

cells are attached. The subepithelial f ibrosis seen in

asthmat ic subjects is mainly caused by the abnormal

deposi t ion of  type I  and l l l  col lagens and f ibronect in

(Roche, 1991).  Brewster et  a l  (1990) showed that th is

collagen layer contained myofibroblasts and sug-

gested that these cells were probably responsible for

the subepithelial f ibrosis observed in asthma' A good

correlation was found between the degree of f ibrosis

and the number of  mYof ibroblasts.

The pathophysiologic s igni f icance of  th is subepi the-

l ia l  col lagen deposi t ion is unknolvn,  but i t  may repre-

sent a long-term and progressive remodeling process

secondary to the ongoing airway inflammation' The

irregularly deposited collagen observed under the

basement membrane of  subjects wi th al lergic rhini t is

may represent an early stage of this phenomenon and

possibly involves constituents somewhat different

from those observed in asthma. This study was,

therefore, underlaken to evaluate the nature of the

subeoi thel ia l  f ibrosis observed in subjects wi th al lergic

rhinit is as compared with those found in asthmatic

subjects and normal controls.
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Lower Airways Remodeling in

Tlllergic rhinit is is a common inflammatory disease

rt-ú the nasal  mucosa (Nacler io,  1991) '  Compared

with nonatopic indiv iduals,  subjects wi th al lergic rhi-

nit is generally show an increased airway responsive-

ness and may have an increased risk of developing

symptomatic asthma (Eggleston, 19BB; Sett ipane et

al ,  1994; Townley et  a l ,  1975).  In a previous study, we

reported that allergic subjects with seasonal pollen-

induced rhinit is had airway alterations on bronchial

biopsy samples somewhat similar to those observed

in asthmatic subjects' These changes consisted of

cel lu lar  inf i l t rat ion,  mucosal  edema, increased epi the-

l ia l  desquamation, and focal  basement membrane

thickening corresponding to an i r regular ly distr ibuted

subepi thel ia l  f ibrosis (Boulet  et  a l ,  1995) '  These fea-

tures persisted out of the pollen season'

Ul t rastructural  and immunohistologic studies of

bronchial biopsy specimens obtained from subjects

with asthma show that the apparent basement mem-

brane thickening, def ined as subepi thel ia l  f ibrosis,  is

caused by the deposi t ion of  f ibr i l lar  col lagen, which
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Results

Su bj e cts' C ha ra cte risti cs

Rhini t ic  subjects were aged 20 to 36 years (mean,
27.5 -r  1,9 years) and had normal airway responsive_
ness to methacholine with a geometric mean pCro of
25.9 - f  1.1 (range, 11 to 128) f l -able 1).  One subject
had a  PCro  o f  11  mg/ml - , ,  bu t  he  had no  h is to ry  o f
asthma. All had a history of recurrent rhinoconjuncti_
vi t is  dur ing the pol len season and had posi t ive al lergic
skin tests to tree, grass, and/or ragweed pollens. Six
subjects were also sensitized to house dust. The
group of  mi ld al lergic asthmat ic subjects were aged 20
to 25 years (mean, 21.5 -+ 0.8 years). They had normat
expiratory flows (mean percentage predicted, 96.3 -f

3.1) and a geometr ic mean PCro of  4.O * 2.2 mg/ml
(range, 0.56 to 6.3).  Normal controls were aged 21 to
27 years with a geometric mean pCro of 99.4 mg/ml.

Collagen Distribution in the Subepithetiat Area oÍ
Asthmatic, Bhinitic, and Nlrmal Subjects

Bronchial  b iopsy specimens of  asthmat ic subjects
showed a strong col lagen type I  staining in the sub-
epi thel ia l  area, in which a dense band of  col lagen was
uni formly deposi ted (Fig.  l  A).  Col lagen type I  was also
observed in the interst i t ium, but the staining was less
intense. In rhini t ic  subjects,  the distr ibut ion of  type I
col lagen was focal  under the basement membrane
(Fig.  1B).  ln normal controls,  there was no deposi t ion
of th is col lagen in the subepi thel ia l  area (Fig.  t  C).
Basement membrane of asthmatic subjects presented
an uni form accumulat ion of  type l l l  col lagen (Fig.  24),
whereas in rhini t ic  subjects,  type l l l  col lagen was
focal ly observed under the basement membrane (Fig.
2B).  ln normal bronchial  mucosa, there was no oepo-
si t ion of  type l l l  col lagen (Fig.  2C).

The maximal th ickness of  the focal  col lagen depo-
si t ion observed in rhini t ic  subjects '  bronchial  base-
ment membranes was simi lar  to the col lagen deposi_
t ion th ickness of  those of  asthmat ic subjects,  wi th
respect ive means of  16.9 - f  3.6 g.m and 13.5 *  4.5 pm
for type lco l lagen and 18 .4  - r  4 .4  pm and l2 .B  -F  4 .6
g.m for type l l l  col lagen. On the other hand, the

Tab le  1 .  Sub jec ts '  Charac le r is t i cs

minimal th ickness of  col lagen deposi t ion in rhini t ic
subjects was comparable with normal controls' val-
ues, wi th respect ive means of  5.4 *  1 .4 pm and 7 .B *

1 .9 pm for type I  col lagen and 6.5 *  1 .4 pm and 8.4 -

3.4 ptm fortype l l l  col lagen (Fig.  3) .  Types l l ,  lV,  V,  and
Vl l  col lagens and laminin were present in the same
proportion in the.three groups (data not shown).

Fibronectin Distribution under the Basement Membrane

Fibronectin was regularly deposited underneath the
basement membrane of asthmatic patients (Fig. 4A),
and i ts mean thickness was 13.8 *  4.5 pm. In rhini t ic
subjects,  the distr ibut ion of  f ibronect in under the
basement membrane showed two prof i les,  one simi lar
to normal controls (n : 3) with no fibronectin deposi-
t ion in their  basement membrane (Fig.  aB) and one
(n : 5) with a focal deposition of f ibronectin (Fig. 4D)
whose max imal  th ickness  (11 . t  *  9 .2  pm)  was s imi la r
to values of  asthmat ic subjects and minimal th ickness
(6.2 *  1.0 pm) c lose to normai controls '  values (Fig.  3) .
There was no accumulat ion of  f ibronect in in the base-
ment membranes of  normal subjects (Fig.  4C).

No correlat ion was found between col lagen or f i -
bronect in deposi t  th ickness in the basement mem-
brane and PCro or basel ine FEV, in the three groups
studied.

Myof i b rob I ast An a lys i s

Electron microscopic analysis of  asthmat ic and rhini t ic
biopsy specimens showed elongated myofibroblasts
containing microf i lament bundles wi th abundarr t
polyribosomes. These myofibroblasts were found at
the deep margin of  the col lagen layer in the basement
membrane in both asthmat ic and rhini t ic  subjects
(Figs.  5A and 6).  In these subjects,  immunoperoxidase
staining of  sect ions wi th PR2D3 showed posi t ive cet ts
beneath the bronchial  epi thel ium under the col lage-
nous band (Fig.  5B),  which suggests an associat ion
between myof ibroblasts and col lagen deposi t ion.
These cel ls were posi t ive for  a smooth muscle act in,
and some were also posi t ive for  desmin and viment in.

Sex
(F/M) Age (years)

FEVl
(% pred) FVC (% pred)

D NI  v 2 o

(mg/ml )
A l le rg ic  rh in i t i s
A l le rg ic  as thma
Normal controls

3t7
4t2
t l  J

27 5 : -  1 .9 '
2 1 . 5  *  0 . 8
24 ,0  *  1  .1

1.1 '1  0  : :  4 .6n
96.3  *  3 .1
Q A 0 - + - 6 0

1 O 7  O  - +  , 4  Q . r
r v , , J  _  T . u

89.2 * 2.5
98 .2  *  5 .1

2 5 9
4 .0

99.4

- :  1 . 1 b
-r  2.2
- r  1 . 2

'Expressed as mean + srr / .
Ò PCro expressed as geometr ic  mean *  srrur .
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Discussion

The main purpose of this study was to demonstrate

that nonasthmatic allergic rhinit ic subjects showed

structural airway changes and to compare the extent

of this phenomenon in allergic asthmatic and normal

nonatopic subjects. We found that the content of type

I and ll l  collagens was increased and focally distrib-

u ted in rh in i t i csub jec tscomparedwi thcont ro |s .Most

rhinit ic subjects (five of eight) presented an increased

foca | f ib ronec t indepos i t ion ' In theas thmat icsub jec ts ,

types I and ll l  collagens and fibronectin were abun-

dantly and uniformly distributed underneath the base-

ment memorane' These data show that the focally

d i s t r i b u t e d s u b e p i t h e l i a l f i b r o s i s o b s e r v e d i n r h i n i t i c

subjects is similar in nature to the one observed in

asthmatic subjects' The structural changes observed

i n r h i n i t i c b r o n c h i a l m u c o s a c a n b e c o n s i d e r e d i n t e r -

mediate between what is found in normal and asth-

matic airways. They may represent the first stage of

airway repair and remodeling processes promoted by

the underlying airway inflammation' which may con-

tribute to the development of changes in airway func-

t ion over t ime.

In a previous study, we showed that' compared with

other times, allergic rhinit ic subjects had increased

airway responsiveness to methacholine during the

l.t;

pollen season but that the total inflammatory cell

counts on bronchial biopsy samples and the airway

wall thickness were unchanged (Boulet et al ' 1995)' In

this study, we chose to evaluate the rhinit ic group out

of pollen season to ensure that all groups were in a

stable phase. We believe, however' that subepithelial

f ibrosis is a long and progressive process that could

increase over many years, with minimal f luctuation in

and out pollen season within a year'

Types lV and Vll collagens and laminin constitute

the basic framework of the normal basement mem-

brane. Laitinen et al (1993) reported that asthmatic

patients showed a significantly thicker arca of colla-

gen Vll immunoreactivity in their basement mem-

branes. We found no modification of this component

in mild asthmatic subjects, but this observation does

not preclude the possibil i ty that this collagen type

varies with the severity or duration of asthma'

lnterstit ial collagens are deposited by activated fi-

broblasts, namely myofibroblasts' These cells are lo-

cated in the lamina reticularis of the basement mem-

b r a n e . T h e n u m b e r o f m y o f i b r o b | a s t s c o r r e | a t e s w i t h

the depth of the basement membrane collagen layer'

which suggests that they are involved in the airway

repair mechanisms and are probably responsible for

the observed subepithelial collagen deposition in

Laboratory Inuestigation' November 199( o Volume 75 r Number 5 737
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Figure 1 .
Type I  coragen detect ion in bronchiar  muc'sa of  asthmat ic,  rh in i t ic ,  and normarsubjects.  lmmunoreact iv i ty  appears in red Bronchial  b iopsies of  asthmat ic subjects

(A) show a str .ng and unrform type I  coi lagen r tu in ing in the basement ru*orunu ur :ea(arrowsl .The sta in ing is  present but  less intense in the interst i t ium ln rh in i t ic

subjects (B),  the immunoreact ìv i ty  f0r  type I  coi lage"n s focai ly  dìstr ibuted,  in the subepi thel ium (arrowsirrow tre thtnnest  and th ickest  zones measured on th is

specimen).  Normal controts show no accumulat ion of  col lagen úpe I  in the basement membrane tc l  t rq0òl  n contro l  sect ion processed wi thout  pr imary ant ibody

shorvs no background sta in ing (D) (x200) '



Figure  2 .
Type l l l  col lagen 0etect ion jn bronchral  muc0sa of  asthmat ic (A).  rh in i t ic  (B) and normar (c)  subjects.  Arrovsindicate the deposrtron of  type I l l  c0l lagen In tne
and the overal l  th ickness of  the col fagen band is intermediate bet ' ,^reen those observed in normar ind asthrnat ic  subjects.  (x400).

chronic al lergic inf iammatory
rore as a potential contributor

process, al though i ts
to changes in airway

asthma (Brewster et al, lgg0). The increased airway
col lagen content may, therefore,  be the resurt  of  the

trssue chronic retract ion,  express immunochemical
features indicative of smooth muscre differentiation.

The accumurat ion of  f ibronect in in the basement
membrane of  asthmat ic subjects suggests that  th is
protein may play an imporlant role in the airway repair
process. Fibronectin has been reporled to mediare
f ibroblast  recrui tment (posi lethwaite et  ar ,  -1gBl)  

and
direct  cel lu lar  at tachment (Fukuda et  a l ,  1gg4),  leading
to wound heal ing.  l t  possesses mult ip le domains
recognized by integr ins,  including the al ternately
spl iced connect ing segment domain,  which interacrs
with aoB, integr in.  Neeley et  a l  ( .1g94) demonstrated
that aoB.,  integr in serect ivery mediates adhesion of
eosinophirs to f ibronect in and augments st imurateo
eosinophi l  degranulat ion.  The relat ionship between
the deposi t ion of  f ibronect in in the asthmat ic base-
ment membrane and eosinophi ls remains to be deter_
mined. In rhini t ic  subjects,  f ibronect in content ident i -
f ied two subpopurat ions,  one with no f ibronect in
accumulat ion in the basement membrane and the
second with a focal  deposi t ion of  f ibronect in.  The
healing process may be more actrve in the second
group, and the first group possibly represents an early
stage of  repair  wi th a col lagen deposi t ion but no
f ibronect in.

The focal  deposi t ion of  types I  and l l l  col lagens in
rhinit ic subjects may contribute to the development of

funct ion or as a protective mechanism against airwav
narrowing is uncertain.  Microenvironment-der ived
si imuri ,  such as cytokines and growth factors released
by inf lammatory cel ls,  may oe responsible for  the
differentiation and the proriferation of myofibrobrasts.

.  Another possibir i ty is that  a i rway changes in coragen
and the extracei lurar matr ix contr ibute to the infram-
matory process (Gauldie et  a l ,  1g92).

lmmunoperoxidase staining of  myof ibrobtasts by
PR2D3 showed that,  in rhini t ic  subjects,  myof ibro_
blasts were rocar ized in the subepi ther iar  area in which
the col lagen was deposi ted.  Interest ingly,  these myo_
f ibroblasts were posi t ive for  desmin, an intermediate
f i lament expressed by smooth muscle cel ls.  This is
consrstent wi th the observat ions of  Skat i  et  a i  (1g'g),
wno repofied that myofibrobrasts from diverse pathor-
ogres were heterogeneous in their  content of  th is
rntermediate f i rament protein.  They dist inguished two
groLrps of  resions: normar hear ing granurat ion contain-
ing onry v iment in-posi t ive cei ls and hypertrophic scars
and f ibromatoses in whrch vrment in_ and desmin_
positive ceils were seen. They suggested that myofi-
broblasts of pathologic conditions, characterizeo oy a

738 L,t l tor,tnn, Ir trasrì{, t t iott .  No'ernber 199(; r 'o]unre l i  r  Numbcr i



J

A Max Nfin N

R

F igure  3 .
Thicknesses of  types I  and l l l  col lagens and f ibronect in rn the bronchlal

basement membrane area.  A,  asthma; r9,  rhìn i t is ;  Max,  th ickest  col lagen or

f ibronect in area. ,  Mrn,  thìnner col lagen or  f ibronect in area;  /v ,  normal .  Di f fer-

ences among groups reported using let ters,  p < 0 0001 (ANOVA)'

airway hyperresponsiveness that appears in some

rhini t ic  subjects.  In a global  comparison analysis of

subjects with either allergic or occupational asthma,

chronic cough, al lergic rhini t is ,  and normal controls,

we reported that the degree of subepithelial collagen

deposition correlated with the degree of airway re-

sponsiveness to methachol ine (Boulet  et  a l ,  1993) '

Airway fibrosis may be a determinant or a marker of a

Drocess that leads to the development of hyperre-

sponsiveness (Bousquet et  a l ,  1992).

'4inL'a,- renotte/inq ìn al/trgì rhintti:

A mild reduction in the apparent basement mem-

brane thickness has been described after withdrawal

from sensitizing exposure in asthmatic subjects flr igg

et al, '1994; Jeffery et al, 1992)' Corticosteroids are,

however, generally considered ineffective in reducing

this subepithelial f ibrosis although they may reduce

inflammation and airway responsiveness (Djukanovic

et  a l ,  1991; Juniper et  a l ,  1990) '  Lundgren (1977)

demonstrated that asthmatic subjects who used in-

haled corticosteroids for many years had no signifi-

cant inflammation but sti l l  had hyperresponslveness

and subepi thel ia l  f ibrosis.  This suggests that  bronchial

f ibrosis, once established, cannot be significantly re-

versed. We do not, however, know whether airway

wal l  remodel ing of  nonasthmat ic rhini t ic  subjects

could be reversible or stopped with corticosteroid

treatment or adequate allergen avoidance'

Further studies are necessary to evaluate the clinical

and histopathologic evolution of nonasthmatic rhinit ic

subjects to study the relationships'between the ap-

pearance of airway hyperresponsiveness or symptom-

at ic asthma and the development of  bronchial  subep-

i thel ia l  f ibrosis.

ln conclusion, we showed that the i r regular ly dis-

tributed subepithelial f ibrosis observed in subjects

with al lergic rhini t is  resul ts f rom the deposi t ion of

types I and ll l  collagens and fibronectin, probably after

inf lammation- induced bronchial  myof ibroblasts act i -

vation. This suggests the presence of an active struc-

tural remodeling in the lower airways of nonasthmatic

al lergic rhini t ic  subjects,  which may possibly contr ib-

ute to the development of asthma over time'

Methods

Subjects

Eight subjects (three women, five men) with recurrent

seasonal allergic rhinit is and no past or present history

of asthma volunteered for this study' They had not

used nasal topic corticosteroids within the last 3

months. Bronchial biopsy samples of subjects with

rhinit is were compared with those of a group of six

s u b j e c t s w i t h m i I d s e a s o n a | a | | e r g i c a s t h m a ( f o u r
women, two men) and a control group of f ive normal

subjects (two women, three men)' The diagnosis of

asthma was based on the American Thoracic Society

(1987) cr i ter ia.  Asthma was control led by an inhaled B,

a g o n i s t o n d e m a n d . N o n e h a d u s e d i n h a | e d c o r t i c o -

steroids or an other anti-inflammatory medication in

the past. The normal subjects had no history of

asthma or atopy, negative skin prick tests, and normal

pulmonary function tests. All subjects were nonsmok-

ers, and none had a respiratory condition other than
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asthma or rhini t is .  The study was approved by our
local  ethics commit tee, and al l  subjects provideo
written informed consent.

Easeline Evaluation

All subjects had spirometry and arrway responsive_
ness to inhaled methachol ine assessment according
to standardized procedures out of the pollen season
(Juniper et
chal lenges,

1991).  Br ief ly,  dur ing methachol ine
aerosots wei-e generated a Wright

nebul izer (Roxon, Montreal ,  euebec, Canada) and
inhaled at  t idal  breathing for per iods of  2 minutes
(output,  0.13 ml lminutes-r) .  pCro was determined by
interpolation of the last two points of the dose_

with

WAS

one
posi t ive response (>3 mm whear at  10 minutes) to the
tested allergens.

Bronchoscopy and Bronchial Biopsy Specimens

No subjects had any evicrence of respiratory infection
for at least 4 weeks before the endoscopies. For
rhini t ic  subjects,  b iopsies were performed out of  the
pollen season. Before the bronchoscopy, asthmatic
subjects received a 200-pg dose of inhared sarbuta-
mor via a metered-dose inharer. For ail subjects, the

740 Ldbor,t tory lr tuesriut ion. November 199(r r vrrunre 7j r Nunrber i

Figure  4 .
Fibronect in detectron in bronchial t issues of  asthmat ic 1A) '  rh in i t ic  (B and D),  and normalsubjects (c) .  Arrowsindicate the djst r ibut Ìon of  f ibronect in undernearh thebasement membrane of  asthmat ic subiects The rh in i t ic  group shorvs two populat ions:  one lBjwi thout  f ibronect in accumulat ion rn the basement membrane (x200),and another (D) r 'v i th focal  deposi t ion of  f ibronect in (arrows).  No f tbronect in deposi t ion was'detected in rhe basement membrane of  normar subjects (c)  (x400).

procedure was performed under oxygen at S ml/
minutes-r by nasar catheter. After rocar anesthesia of
the throat,  larynx,  and bronchi  wi th 2% and 4%
xylocaine, the f lexible bronchoscope (Olympus OES
10 f iberscope, Olympus Opt ical  Company, Ltd,  Tokyo,
Japan)was introduced into the bronchiartree, and B to
10 tissue samples were taken from the carinae of lobar
and segmental  bronchi  on both s ides using conven_
t ional  forceps. Vi ta l  s igns,  e lectrocardiograph output,
and oximetry were recorded throughout the procedure.

lmmunohistochemistry

Iissue Processrng. Each biopsy sampte was imme_
diately placed in acetone containing the protease
inhibi tors phenylmethylsul fonyl  f luor ide (2 mv) and
iodoacetamide (2 mv)from Sigma Chemical  Company
(St.  Louis,  Missour i )  and cooled rapidly to
They were then immersed in acetone at room temoer_
ature for 15 minutes and transferred to methyrbenzol
for  another 15 minutes.  The biopsy samples were then
immersed in glycolmethacrylate (GMA) monomer
(Polyscience, Warrington, pennsylvania) at 4.C for T
hours.  Dur ing this
changed three t imes,

the  GMA so l r r t ion  was
the t issue was embed-

ded in GMA resin prepared by mixing GMA monomer
and N,  N-d imethy la lan ine PEG 400 and benzovl
peroxide and polymerized overnight at 4.C (Britten et
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Figure 5.
Electron micrograph of  a bronchial  b iopsy specimen f rom a rh in i t ic  subject  (A)

s h o w i n g e I o n g a t e d m y o f i b r o b I a s l s w i t h c o n t r a c t i I e f i I a m e n t s ( a r r o w s )
(x2700).  B,  lmmunoperoxidase sta in ing wi th PR,D, of  bronchial  myof ibro.

blasts on bronchialb iopsy specimens of  a rh in i t ic  subject .  PRrD.-posi t ive cel ls

are found beneath the bronchial  epi thel ium under the band of  col lagen (x200) '

al, 1993). Samples embedded in GMA were stored at

-20'C in an airtight container. Sections (2 pm) were cut

on an ultramicrotome (Leica Reichert Ultracut S, Wein,

Austria) and floated on water containing 0'02% ammo-

nia until they were fixed on poly-r--lysinÈcoated slides.

lmmunostaining. The following antibodies (dilu-

t ions),  f rom Biodesign (Kennebunk, Maine),  were

used: rabbi t  ant i -human types l ,  l l ,  l l l ,  lV,  and V

col lagens and mouse ant i -human col lagen Vl l  (1:50) '

Mouse ant i -human f ibronect in (1:400),  monoclonal

ant i -a smooth muscle act in (1:400),  monoclonal  ant i -

desmin, a marker of smooth muscle cells (1:400) from

Sigma Chemical Company, and PRrD3, 3 r'ì ' ìor'ìoclonal

ant ibody reported to label  a '140-kd membrane com-

ponent of myofibroblasts and smooth muscle cells

(kindly provided by lmperial Cancer Research Tech-

nology, London, United Kingdom)' Cross-reactions

were removed by immune absorption of these anti-

bodies on the other types of collagens, and specificity

was tested by immunohistochemistry on sections of

human skin.

The first bound antibody was detected using the

Vectastain Elite ABC kit from Vector Laboratories

(Burlingame, California)' Briefly, sample peroxidase

rlint'a1 rcnoleling in dllcrgic rbinìtis

activity background was blocked by incubation with

O.g% H2O2,0J% sodium azide in Tr is buffer solut ion

for 30 minutes and normal serum for 30 minutes' The

samples were then incubated overnight with primary

antibody (4"C), t hour with a biotinylated secondary

antibody (23.c), and 30 minutes with the avidin-biotin

c o m p l e x ( 2 3 " C ) . T h e s | i d e s w e r e W a s h e d t h r e e t i m e s

with Tris buffer solution between steps. Bound anti-

bodies were detected with amino-ethylcarbazole sub-

strate unti l staining was visible on the microscope.

Reaction was stopped by washing in water, and

M a y e r ' s h e m a t o x y l i n w a s u s e d f o r c o u n t e r s t a i n i n g .

Slides were mounted with Crystalmount (Biomeda'

Foster city, california). lrrelevant isotypic antibodies

served as negative controls'

QuantiÍication ol tmmunohistochemical Stainings

The col lagen content of  bronchial  mucosa was

determined for the three groups of  subjects by

immunoperoxidase staining of  ser ia l  sect ions.  Each

type of  col lagen was ident i f ied using speci f ic  ant i -

bod ies .  A l l  s l ides  were  ass igned a  number ,  and

measurements were made independent ly by two

observers.  A bl inded observer measured the thick-

n e s s a t r e g u l a r i n t e r v a | s ( f i x e d d i s t a n c e ) . T h e t h i c k -

ness of  types I  and l l l  col lagens and of  f ibronect in in

the basement membrane area was measured by

cal ibrated image analysis (Mocha image analysis

software;  Jandel  Scient i f ic ,  San Raphael,  Cal i for-

nia).  Eleven measurements were performed on an

unfolded area. The minimal and maximal th ickness

v a l u e s f r o m e a c h p a t i e n t ' s b i o p s y s p e c i m e n s W e r e
then analyzed and compared with the values ob-

tained from normal and asthmat ic subjects '

Electron MicroscoPY

samples for electron microscopy analysis were fixed

by immersion in Karnovsky's fluid, washed in cacody-

l a t e b u f f e r , o s m i c a t e d , d e h y d r a t e d i n a l c o h o l ' a n d

embedded in epoxy resin. Half of the samples were

treated en bloc with uranyl acetate. All sections were

s t a i n e d w i t h | e a d c i t r a t e a n d a n a | y z e d u s i n g a J e o | 1 0 0

CX ffokyo, Japan) electron microscope' Electron mi-

croscopic studies evaluated cellular alterations of ep-

ithelial and connective tissue cells and the presence of

myofibroblasts. In this study, we did not' however'

count these myofibroblasts or correlate their number

with the col lagen thickness'

Statistical AnalYsls

Results are presented as the means -r sEM' PCro

geometric mean values were calculated for each

Laboratory Inuestigtt ionr November I996 '  Volume 75 r Number 5 7 4I
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F i g u r e  6 .
Electron micrograph of  a bronchial  b iopsy specimen f rom a rh in i t ic  subject  (A) showinq myof ibroblasts (MF) atongsubepi thel iatc0l tagen (arrovt t ) .8 epi thet ia lcel ls(x5 000) B shours height  magnìf icat ion of  e lectron mrcrograph of  nryof ibroblast  cytoplasm with f i laments (arrotv)  ix25,000).

group. l f  PC2o was >128 mg/ml-  1,  i t  was considered
to be 128 mg/d -1.  

A one-way ANOVA was appl ied to
the comparison of  basement membrane thickness in

7 42 [,dbor,t tory lnuesti ,{ , tr iott .  Nor.crnbcr 191)6 r Volume 7 j  r  Number Í

our three groups of  subjects,  and the maximal and
minimal th icknesses were also evaluated in the rhini t ic
groups, as i t  var ied markedly f rom one si te to the



other. Values were transformed by their rank, as

normality and homogeneity of variance assumptions

were not encountered. Multiple comparisons were

preformed using Scheffé's test. Differences between

groups were reported using letters. All tests were

performed at the 0.05 level of significance.
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