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MUCOSAL CHANGES IN RHINITIS MEDICAMENTOSA
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To evaluate the nasal mucosal changes in rhinitls medicamentosa {RM), especially those relited o goblet cells and subepithelial
zlands, we studied specimens of the inferior urbinate mucosa trom & patients with RM, § paticnts with ¢liromc hy pertrophic rhinins
(CHR), and 5 patients with nomnal nasal mucosa, All specimens were aesessed by electron microscopy and immunohistochernical
stdy. Under a scanning electron microscope, hyperplasia of goblel cells was most prominent in the RM group, and an increassd
number of gland openings was evident in the RM and CHR, groups. in addition, the immunoreactivity of epidermal growth facior
receptor staining was strengest in the Ryperplastic epitheliom of the RM gronp. Accarding to our results, it is feasible that the mucosa
of patients with BM is in a chronic inflammatory, hypersecretory state. Degenvrative chimges in the sectelory elements may cause
impairment of mucnciliary transport and may be responsible for the nasal ohstruction and posterior nasul drip in RM.

KLY WORDS — epidennal growth factor receptor, thinitis medicameniosa, scanning clectron microscope.

INTRODUCTION

Nasal obstruction is one of the most common
symptoms encounterad in the field of thinology. kre-
guent self-medication with decongestant nasal drops
is oflen practiced by patients to relieve nasal obstruc-
tion. The misuse or overuse of these topical medica-
tions has injurious effects on the nasal mucosa, such
as metaplasia, dilatation, and engorgement of the sub-
epithelial blood vessels. Topical nasal decongestants
incinde 2 clagses of drugs; sympathomimetic amines
(eg, phenylephrine) and imidazoles {eg, oxymetazo-
line).! The imidazoles appear more likely to cause
rehound congestion and rhinitis medicamentosa (RM)
than are the sympathomimetic amines, possibly be-
cauge of their longer duration of effect and their ac-
tion on mueosal biood flow.2 Histopathologic stud-
ies in animals have shown squamouns raetaplasia with
loss of cilia and fibrasis, goblet cell hyperplasia, cde-
ma of the corivm, monenuclear cellular infiitration,
and ghamdular hyperplasiad4 There are few detailed
data regarding the mansformation of mucosal secre-
tory elements in RM, especially in humans,

In this study, we atempted to evaluate the epithe-
lal changes, especially focusing on goblet cells and
subepithelisl glands, in RM in order to gain deeper
Insight into its pathogenesis.

MATERIALS AND METHOQDS

Specimens of the inferior turbinate mucosa from
& patienrs with RM and 8 patients with chronic hy-
pertrophic rhigitis (CHR) were included in this study.
Normal pasal mucosal specimens talen from 3 pa-

lients who were undergoing nasopharyngeal biopsy
or iraumatic sursery were evaluated as a control, The
patients with RM all had a histary of nasal obstroc-
tont, overnse of nasal decongestants for ar least 3
months, and a poor regponse to local decongestion

Fiz 1. Masad mucosa of patient with thinilis medicamen-
fewstt illustrated under scanning electton microscopy (orig-
inal 210003, Logs of cilia, epithelisl degenerative changes,
and hyperplagia of goblet cells are noted.
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TABLE 1. GOBLET CELLS AND GLAND OPENINGS OF MUCOSAIN CHR, RM, AND CONTROL GROUPS

o ;;jfé, _ Goblst Cell Percentuge Glaned Openings per 13 Visual Fieids
Group Spores Mean 50 95 Gl Meagn £ 50D 5% Cf
CHR 50 259 £4.78 20.62-20.22 126223 9.73-14.01
M 50 39,5+ 2.4b 36.37-41.95 105127 0.25.12.87
Nosmal 50 12.4 £ 24 11611329 8315 533 9.210

CHR — chronic hypertzophic hinitia, RM — rhinitis medivamentosa, C1 — confidence interval.
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agents. All specimens from the patients with RM and
CHR were taken during turbinectomy. Specimens were
separated into 2 parts: one for electron microscopic
study and the other for immunohistochemical study.

The specimens for clectron micToscopic study were
fixed with 2% glutaraldehyde, postfixed with 2% os-
mium tetroxide, dehydrated with an alcohol series,
and critical-point-dried. After sputter-coating with
goid, the surface of the specimen was analyzed wn-
der a Hitachi-600 scanning electron microscope, with
special attention being paid to the distribution of gob-
let cells and gland openings. The goblet cells were
counted, and the number was expressed as a percent-
age of the total number of epithelial cells. As locast
506 cehls wers counted by scanning eleciron micros-
copy (SEM; at a magnification of x2.000). Gland
openings were counted in 13 visual fields by 3EM
(x2,000).37 Every specimen was counted 10 times
to yield each seore. Student’s r-test and Y3% comnii-
dence intervals were used for compansons among

aroups.

The specimens for immunohistochemical study

were fixed in paraffin sections. The paraffin sectiony
were thinly sliced (4-pm thickness) and mounted on
polylysine-coated glass slides. After deparaftmization
and tehydration, the slides were teated in a micro-
wave oven for antigen retrieval. Endogenous peroxi-
dase was inhibited by biunersing slides in 3% metha-
nok-hydrogen peroxide for 10 minutes, To avoid non-
specific binding, we incubated the slides with 10%
goat serum lor 60 minutes. The shides were washed
with phosphate-buffered saline solution (PBS) and in-
cuhated with monoclona! antibody w EGFR (epidet-
mal growth factor receptor; dilution, 1:100; Dako.
Glostrup, Denmark) overnight at 4°C. After tinsing
with PBS, the slides were incubated with biotinylated
gout anti-rabbit immunoglobulin G (Dako) at room
temperature for 15 minutes. The slides were then
washed with PBS and treated with streptavidin-horse-
radish peroxidase reagent (Dako) at room tempera-
ture for 15 minutes. After washing with PBS, the ac-
tivity of peroxidase was detected with an AEC sub-
stratc kit (Zymed, South San Francisco, California),
and then the shdes were coanterstained with hema-
toxylin. A negative contral was formed by omitting

Fig 2. Strong immunoreactivity Lo epi-
dermal growth factor receptor (EGFE}
is shown in most of nasal mucesa from
subject with rhinitis medicamentosz. -
munapositive cells (arrows) are promi-
nent in basal layers of hyperplastic epi-
thelium,
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TABLE 2, EGFR AND PAS/AR IMMUNOQHISTOCHEMICAL
STAINING OF HUMAN NASAL MUCOSA

Hyperplastic Preudvostrarified )

Croup EGFE FPASIAR BGFR FPAYAR
HR Moderate  Moderate  Moderate  Moderate

to wealk o weak to weak to weak
RM Strongto Strongto Moderare  Moderate

moderate moderaie  w weak 1o weak
Normal  Weak to Weak to Weak to Weak to

negative negative negative negative

LGFR s epidermal grow tactor receptor, PAS/AB — perindic acid-
Schiff--Alcian bluc stain,

thc primary antibody.

The surface epithelium of the nasal mucosa pre-
sented various morphological subtypes: 1) normal
psendostratified epithelium (composed of ciliated
cells, goblet cells, and a single layer of basal cells);
2) hyperplastic epithelium consisting of ciliated cclls
and bagal und goblet cells (containing more than 3
cell layers of basal cells, mucous cells, or both): and
3} epithelial damaege or portions with squamous meta-
plasia. Ateas of squamous metaplasia and damage
were excluded from the anabysis. We determined the
areas of pseudostratified and hyperplastic epithelium
in each specimen. There were large differences ameng
the different specimens. BEvaluation of EGER immu-
noreactivity was assessed by a double-checking meth-
od in 20 high-power fields (x200). The reactivity of
staining was expressed arbitrarily as negative, weak,
modarate, or strong. :

RESULTS
The nasal epithelinm of the CHR and RM groups
showed severe hyperplasia, loss of cilia, and increased

Fig 3. Masal cpithelium from subject
with ¢hronie hypenrophic rhinifis shows
maderate immunonactivity (arrows) o
EGER.

numbers of goblet cells and submucosal glands un-
der SEM (Fig 1). Hyperplasia of goblet cells was more
prominent in the RM group than in the CHR and nor-
mal groups. The number of gland openings was in-
ercased in the BM and CHE groups =5 compared to
the normal control group (Table 1). The immunore-
activity to EGFR was strongest in the hyperplastic
epithelium of RM subjects {Fig 2; Table 2). There was
moderate EGFR-positive staining in the CHE group
{Fig 3), and weak staining in the normal group {Fig
4).
) DISCUSSION

The term thinitis medicamentosa can be traced
back to 1946 and was coined by Lake.® Tt represents
nagal obstruction as a rebound phenomenon caused
by misnse or overuse of topical decongestant nasal
drops and the disappearance of Lheir decongestive
effect.1-4.9.10 We were unable to make a diagnosis of
RM solely on the basis of a patient’s having nuasal
obstruction combined with a history of nasal vasocon-
strictor overnse, because other causes can account for
nasal obstruetion. In ovder for the diagnosis to be con-
vineing, the characteristic nasal mucosal changes plus
apoor respense to local sympathomimetic agents had
to be present.! Our RM patients were chosen accord-
ingly.

“The nasal epithelia of the RM and CHR groups ex-
hibited severs hyperplasia, loss of ¢ilia, and increased
numbers of soblet cells and submuocosal glands. In
addition, there was a prominent increasa in the nom-
ber of goblet cells in the RM group as compared Lo
both the CHR and nortital groups. Currently, we do
not completely understand why the mucosa of RM
showed a greater increasc in the number of goblel
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cells and submucosal glands, Either RM may be di-
rectly capsed by mucosal changes from the topical
nasal decongeslanis, or a specific condition may oc-
cur after abuse of these drops that then produces these
morphological changes. Thus, more proof is required
to identify which factors cause the mucosal changes
in RM.

Epidermal growth factor receptor, a 70 kd mem-
brane glycoprotein, is expressed in fetal airways, In
which it plays an important role in epithelial cell dif-
ferentiation, cell proliferation, and branching morpho-
senesis.1! However, in healthy adult human airways,
EGFR is rarely expressed except in malignant tumors
and hypersecretory airway dissase.? The expression
of EGFR is the ¢ssential mechanism for producing
mucin in goblet cells.!* In our smdy, immunore-
activity to EGER was stronger in the hyperplastic epi-
thelium of the RM group than in the other two groups.
Thus, we noted cells positively stained for EGFR
and hyperplasia of goblet cells in the RM group, This
finding suggests a special relationship between EGFR
expression and hyperplasia of goblet cells. At the
same time, it documents that mucin cxpression in
the airway cpithelium is mediated by BEGER activa-
tion. This result is compatible with findings of pre-
vions articles, 1314

Although the epithelia of the upper and lower air-
ways of healthy human beings contain some goblet
cells, they do not normally express EGFR.° Among
our normal specimens, the immunoreactivity to EGIR,
was weak 1o negative, representing a nonin/(lamma-
tory condition in the epithelium. In contrast, the up-
regulation of EGFR in epithelial cells of the RM

Fig 4. EGFR immunoreactivity {arrows)
is weak to negative in normal nasal my-
COR4.

group indicated a chronic inflammatory hypersecre-
tory statc,

Indead, the expression and activation of EGFR
may be prerequisites for an inflammatory state.'* Re-
bound nasal congestion in RM indicates incrensed vas-
cular permeability, and mononuclear cells may be re-
cruited as deseribed in histopathologic studies of ani-
mals. ! Therefore, u true chronic inflammatory con-
dition is present in RM, as is compatible with the find-
ing of upregulaled EGFR In this study.

Moreover, an increased number of submucosal
glands was found in the nasal epithelium of the RM
group in our study. This finding is further evidence
that the RM mucosa is in a chronic inflammatory
state. These additional submucesal glands may pro-
duce an abnormal mucus blanket or a tethering phe-
nomenoin that may be harmful (o the defense mecha-
nisms of the mucosa.t Thus, it is feasible that the mu-
cosa of RM is in a chronic inflammatory condition
and that a vicious cycle ensues, aceording to our im-
munohistochernical and electron microscopic resalts.

As is known, secretory elements such as goblet cell
density and submucosal gland number may provide
evidence of pathological conditions.® In turn, degen-
erative changes in the secretory elements may cause
impaired mucociliary transport. Especially in the RM
group, 4 hypersecretory state of the goblet cells, com-
bined with such morphological changes as secretory
glements in the mucosa, was apparent from our 7&-
sults. Therefore, in addition to rebound congestion,
these characteristic mucosal changes may contribute
to the clinical symptoms of nasal obstruction and pos-
terior nasal drip in persons with RM.
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