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Metachromatic cells in nasal mucosa
after allergen challenge
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Metachromatic cells in the nasal mucosa were studied in relation to symptoms in 16
schoolchildren and 11 adults with hay fever who were challenged with pollen outside the
pollen season, using either a gentle scraping-cytocentrifugation method for collection of
mucosal specimens or biopsies. There was a temporary redistribution of metachromatic
cells towards the mucosal surface appearing 5-24 h after challenge, with a correlation
between the quantity of metachromatic cells and symptom scores. Thus, a single
exposure to high doses of allergen may contribute to priming in susceptible individuals.
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CLINICAL ASPECTS
A gentle method to examine cells in the nasal mucosa in allergic children is
described. Even a single exposure to allergen may induce redistribution of meta-
chromatic cells to the nasal mucosa and thus prime for subsequent allergic reactions.

Metachromatic cells (MC) comprise basophils,
connective tissue mast cells and mucosal mast
cells in rodents (17). Heterogeneity of MC has
also been found in humans and the cells are
found in the mucous membranes including the
upper respiratory tract (1, 5, 7, 12, 13, 16).
There is a redistribution of MC from the sub-
mucosa to the mucosa in response to natural
exposure to pollen in hay fever patients (6, 18)
and after nasal provocation tests (3, 10, 11).
Different techniques have been used to collect
cells from the nasal nnucosa. Nasal lavage (2 ,3 ,
14) and imprints (15) reflect conditions on the
mucosal surface. With a curettage part of the
epithelial layer is included, while biopsies allow
studies of both the epithelial and the sub-epi-
thelial layers (6, 12, 13). For studies in infants
and small children a gentle method not needing
an active collaboration by the patient is pre-
ferred, especially to obtain multiple specimens.

The aim of this study was to follow the cell
response of MC and eosinophils kinetically in
the upper airways after nasal challenge, using a
gentle scraping-cytocentrifugation technique
and biopsies.

MATERIAL AND METHODS

Sixteen school children, aged 10-18 years and
11 adults participated in the study. Material
was obtained in the children by the scraping-
cytocentrifugation technique while biopsies
were performed in the adults. All the patients
had suffered from allergic rhinoconjuctivitis
during the birch or grass pollen seasons for at
least 2 preceding years. All individuals were
prick test positive to at least 10,000 BU/ml of
birch or grass pollen extract. (Pharmalgen® or
Phazet®, Pharmacia, Uppsala, Sweden). None
of them had an infectious rhinitis at the time of
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Tahle 1

Symptom scoring after nasal cheillenge with zJlergen

Table 2

Scoring of meixinial increase cells/slide of metachromatic

Sneezes

0
t-3
>3

Secretions
(ml)

<0,3
>0,3

Air flow
reduction (%)

<15
15-30
>30

Score

0
1
2

cells ana eosinopi

Metachromatic

0
<4
5-19
>20

Ills aiier nasaj aiierg

Eosinophils

0
<20

21-199

>200

;en provocation

Score

0
1
2
3

investigation, nor perennial allergic, non-aller-
gic rhinitis or asthma.

Nasal challenge was performed with birch
or grass pollen extracts (Pharmalgen® in
March and April respectively, i,e, well before
the pollen season. The extracts were sprayed
into the nose in 0.2 ml amounts by means of
a De Vilbiss spray No, 15, starting with dilu-
tion fluid. Pollen extract at a concentration of
100, 1,000 and 10,000 BU/ml was then ad-
ministered at 10-min intervals. If clinical
symptoms appeared after 1,000 BU/ml no
more extracts were given except in five
children who despite only minor symptoms
received only 1,000 BU/ml in order to study
the correlation between dose and cellular fmd-
ings. The fluid was equally distributed to the
right and left sides in the 16 children. As all
the 11 adults were biopsied on the right side
before the provocation, only the left side was
accessible. Consequently, their challenged nos-
tril received a higher cumulative dose than the
non-biopsied children.

The number of sneezes, the amount of nasal
secretions and nasal obstruction were recorded
and scored according to Table 1, Nasal obstruc-
tion was evaluated by means of a Wright peak
flow meter (Clement Clarke International Ltd,,
London, UK) adapted to an anesthetic mask.
The means of three peak values from forced
nasal inspiration were calculated. As shown in
Table 1 a maximum symptom score of 5 could
be obtained in each patient,

Mucosa scrapings for cell analysis were
obtained with a wooden peg, gently rubbed
against the inferior concha. The material was
immediately placed in PBS (phosphate buffered
saline, pH 7.3) and subsequently cytocentri-
fuged (Cytospin 2, Shandon, UK) for 5 min at

500 rpm, after which the sediment was applied
to glass slides and air-dried. The slides were
either fixated in 95% ethanol for 15 min and
stained with Wright's stain for 2 min to visual-
ize the eosinophils, or fixated in methanol and
simultaneously stained with toluidine blue for 5
min to visualize MC,

Mucosal biopsies were taken from the in-
ferior concha 1 cm behind the frontal edge in
local anesthesia, using a conchotome with a
diameter of 2 mm. The biopsy material was
fixated in an iso-osmotic solution of formalde-
hyde and acetic acid (IFAA) and stained with
toluidine blue according to Enerback et al, (6)
to visualize MC,

To study the appearance of metachromatic
and eosinophilic cells in the nasal mucosa,
scrapings were taken bilaterally prior to the
challenge, and after 30 min, and 1, 3, 5, 24
and 48 h in the 16 schoolchildren. Biopsies
were taken from the right inferior concha be-
fore the challenge and from the left challenged
side 5 or 24 h later in six and five adults
respectively. The analysis of the samples was
performed in light microscopy with all speci-
mens coded. When studying the kinetics of
MC and eosinophils, the maximal increases in
cell numbers in each patient were scored ac-
cording to Table 2,

Statistical method used was Spearman's
rank correlation coefficient for the correlation
between symptom scores and cellular findings.

AH patients were fully informed about the
procedure and the purpose of the study and
gave their informed consent to participate. The
study was approved by the Regional Ethics
Committee for Human Research at the Uni-
versity Hospital of Linkoping,
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Fig. 1. Relation between increase in metaehromatic (A) and
eosinophilic (B) cells and symptom scores after nasal chal-
lenge. Symptom and cell scores are defined in Tables 1 and
2. The individuals were challenged with up to 1,000 BU/ml
(open symbols) or up to 10,000 BU/ml (closed symbols).

RESULTS

Cellular findings in relation to symptoms

There was no correlation between cellular find-
ings in specimens obtained before challenge and
symptoms after the provocation tests, as the
variation in symptom scores was similar in the
10 children without MC and the six with MC
present in the mucosa before the challenge. A
similar lack of correlation was noted in the
biopsy specimens from the adult patients. Simi-
larily, there was no correlation between eosino-
phils present before challenge and clinical
symptoms after challenge.

Twelve children received extract at a concen-
tration of 1,000 BU/ml and four children re-
ceived 10,000 BU/ml. Symptom scores were
evenly distributed in these two groups. As
shown in Fig. 1, there was no correlation be-

1 2 3 4 5 24 4 8 hours

hours
1 2 3 4 5 24 48

Fig. 2. Appearance of peak number of metaehromatic cells
(A) and eosinophils (B) in 12 individuals after nasal challen-
ge with allergen. Closed symbols indicate individuals with a
symptom score of at least two. In two subjects only eosi-
nophilic and no metaehromatic cells were seen.

tween dose amount and cell score, i.e. maximal
outflow of MC or eosinophils after challenge.
There was, however, a weak but statistically
significant correlation between the symptom
score and cell score (r = 0.64, P< 0.01 for MC
and r = 0.55, P < 0 . 0 5 for eosinophils), (Fig. 1
A, B), This means that children who developed
pronounced symptoms after challenge also
tended to have a large increase in MC and
eosinophil numbers compared to individuals
with fewer clinicztl symptoms.

Kinetics of MC

All but two individuals had less than three MC
in their nasal scrapings before chadlenge. Ten
children reacted upon challenge with a MC
increase. The highest counts appeared after 5 to
24 h in eight of them, including the five
children with a symptom score of two or more
(Fig. 2), In two subjects, the maximum counts
were recorded after 1 to 3 h.

In the biopsy material most of the MC were
found in the submucosa with occasional MC in
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Fig, 3, Nasal biopsies stained with toluidine blue showing metachromatic cells before provocation (A) and 4 h after (B),
Magnification x 25,

the epithelium only in four patients. After chal-
lenge there was almost a doubling of MC num-
bers in the submucosa in three ofthe patients who
were subject to a second biopsy after 5 h. No
change in MC amounts was found in biopsies
taken 24 h after challenge. These findings would
indicate a transient redistribution of MC,

numbers upon challenge, with maximum cell
counts 1 to 48 h after a positive reaction. The
appearance over time varied more for eosino-
phils than for MC, (Fig, 2 B),

Three of the six children with no MC in-
crease had no eosinophil increase and the other
three had a slight increase (cell score one).

Kinetics of eosinophils

All but one of the children had less than 30
eosinophils per slide before challenge. Twelve
of them reacted with increase in eosinophil

Relation MC and eosinophils

There was an agreement between the two cell
scores after challenge in nine patients. In the
remaining six, there was a difference in cell
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scores of one. This points to a relationship
between the two cell types (r = 0 .84P<0.01) ,
in the cellular response after nasal allergen chal-
lenge.

DISCUSSION

In this study a gentle technique for obtaining
cells from the nasal mueosa, i.e. a scraping-
cytocentrifugation method, was used in
children, while biopsies were performed in the
adults. Several techniques have been suggested
for collecting material from the nasal mueosa
(6, 12, 13, 14, 15). Since the number of MC is
low in comparison with epithelial cells, neutro-
phils and eosinophils (13), the material avail-
able for MC analysis must not be too sparse.
All sampling techniques however, are associ-
ated with some discomfort for the patient. The
fact that cooperation is needed for nasal lavage
and biopsies makes these methods less suitable
for repeated sampling in young children. The
imprint method (15) is based on egg albumin as
an adhesive. This should be avoided since it
represents a major allergen in children (9).
Thus, many aspects must be considered when
choosing an appropriate method, where the de-
sire for abundant material must be balanced
against the age and cooperativeness of the pa-
tient.

By the scraping-cytocentrifugation method
material is collected from the epithelial surface
on a more limited area of the nasal mueosa than
with nasal lavage. Tbe obtained material may
therefore be less than after lavage, which may
result in some underestimation of the number
of MC. As a consequence, even low numbers of
MC in the scraping samples are of interest.

An advantage of the scraping-cytocentrifuga-
tion method was a localized and clean material
without disturbing mucus, which facilitated the
microscopic examination of the obtained speci-
mens. None of the children complained of dis-
comfort when subjected to this method. It was
difficult to estimate the true amount of secre-
tions, as some was blown away or swallowed by
the young patients. This made it necessary to use
a scoring system which was less precise than that
suggested previously in a study in adults (19).

Studies in adults with hay fever have shown
that there is a redistribution of MC during the
pollen season (6, 18) and after allergen chal-
lenge in a symtom-free intervail (3). This study
shows a similar redistribution of MC and
eosinophils towards the surface of the mucos
membrane after a single allergen exposure. The
redistribution is transient with increased num-
bers of MC on the surface of the mueosa for up
to 48 h after challenge.

No correlation was found between pre-chal-
lenge MC findings and symptom scores, but
there was a correlation between the number of
cells appearing after challenge and the
symptoms. No control patients were included,
but it has been shown that allergen challenge
has no influence on eosinophils in non-allergic
persons (2).

In conclusion, this study shows that a scrap-
ing-cytocentrifugation technique is useful when
a gentle method allowing repeated analysis is
needed, e.g. for studies in young children. The
absence of MC in a specimen, however, does
not exclude their presence in the mueosa. For
use in infants the scraping-cytocentrifugation
technique would be the preferred method. A
single allergen exposure increased the numbers
of MC and eosinophils in challenged areas for
up to 48 h. For the MC there appeared to be a
redistribution of cells towards the surface. Even
a single exposure to allergen thus results in an
outflow of MC on the surface of the mucous
membrane, which might contribute to the prim-
ing effect (4, 8).
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