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For evaluation of two methods of nasal cell identification, cell morphology
and immunocytologic analysis, nasal lavage was performed in 16 healthy
subjects and 29 patients suffering from rhinitis. Nasal lavage smears were
stained with May-Griinwald-Giemsa (MGG), and cells were identified
according to their structure as epithelial cells, neutrophils, lymphocytes,
eosinophils, and metachromatic cells (basophils and mast cells).
Immunocytologic analysis was performed with monoclonal antibodies by
the immunoalkaline phosphatase method. The following monoclonal
antibodies were used: CK1, EG2, and CD3, which identify epithelial cells,
activated eosinophils, and T lymphocytes, respectively; CD15, which
recognizes mature granulocytic cells; and CD 14, which reacts with monocytes
and macrophages. A significant difference was observed between the two
methods in the number of identified epithelial cells, in both controls

(64.6 +7.89% with MGG, 14.2 +3.59%, with CK1 analysis) and patients
with rhinitis (56.9 + 7.6%, with MGG, 18.2 4+ 3.7%, with CK1 analysis). In
contrast, no significant differences were found in eosinophil and neutrophil
counts when the two methods were compared. After nasal allergic
provocation, a significant increase in the number of eosinophils was
observed with both methods in seven patients with rhinitis. The results of
this study indicate that: 1) MGG staining is a useful method to identify the
cells obtained by nasal lavage, and 2) immunocytologic analysis with
monoclonal antibodies accurately identifies granulocytic cells, while only a
low proportion of epithelial cells are detected, probably because
anticytokeratin monoclonal antibody reacts only with viable cells.

Clinical aspects

Proinflammatory cells such as eosinophils, lymphocytes, and mast cells
release mediators which cause clinical symptoms in both rhinitis and bronchial
asthma. Since the nose, in contrast to the bronchi, is easily accessible to
repetitive studies, nasal lavage is used to investigate the role of cells and their
mediators in these respiratory diseases. In the present study, we

performed nasal lavages in both patients with rhinitis and healthy subjects
to compare the presence of proinflammatory cells by an immunocytologic
analysis and a standard method of cell identification (May-Griinwald-Giemsa
stain).
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The introduction of new methods to investigate cell
activity and function has increased interest in the
study of cells involved in airway inflammatory dis-
eases (1, 3, 4, 16, 18). Among these methods, nasal
lavage has been shown to be a useful tool in the

study of inflammatory cells and their mediators in
diseases affecting the nose (2, 13, 14, 19, 20, 23).
Some investigators have suggested that the patho-
physiologic mechanisms involved in rhinitis closely
resemble those implicated in asthma, whether aller-
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gic or not (8). Since the nose, in contrast with the
bronchi, is easily accessible for repetitive studies,
several research groups are now using nasal lavage
to investigate the role of cells and mediators on al-
lergic and nonallergic airway diseases. In addition,
nasal lavage has the advantages of tolerance and a
lack of harmful side-effects. Different methods have
been proposed to perform nasal lavage (2, 5, 6, 10,
12), and a detailed morphologic identification of ob-
tained cells has been described (19). The analysis of
cells obtained by nasal lavage presents some prob-
lems such as mucus plugs interfering in the assess-
ment of total and differential cell counts, or broken
cells which may cause misinterpretation of the re-
sults. In addition, the number of cells obtained may
be low, depending on the method used (2, 3).

Differential cell count is usually performed on the
basis of the structure of cells (size, number of nuclei,
and presence and type of cytoplasmatic granules)
with various staining methods (2, 19, 20). However,
the accuracy of this method of cell identification has
not been compared with immunocytologic analysis
by monoclonal antibodies. The objective of this study
is to compare two methods of cell identification in
nasal lavage cell analysis: the differential cell count
in smears stained with May-Grinwald-Giemsa
(MGG) and the immunocytologic analysis by mono-
clonal antibodies.

Material and methods
Study population

Patients. Twenty-nine patients with rhinitis (11
women and 18 men, mean age 33.2+2.7 years,
mean + SD) referred to our outpatient chest clinic
were studied. In all cases, diagnosis was established
by clinical history. Fourteen patients were reactive
to the dust-mite allergen of Dermatophagoides ptero-
nyssinus (DP), as demonstrated by the skin prick
test. None of the patients took medication (inhaled
glucocorticoids, antihistaminics, nasal decongestant
agents) in the 2 weeks before the nasal lavage. Seven
patients with rhinitis underwent nasal provocation
with the same batch of lyophilized DP extract (Phar-
macia, Uppsala, Sweden). The allergen extract was
reconstituted and diluted to 10000 BU/ml with
phosphate-buffered saline (PBS) containing 0.3 mg
albumin/ml. Mite extracts were instilled in the nose
with a nebulizer valve (two administrations in each
nostril). Cellular analysis was performed before and
after allergic provocation.

Control group. The control group was composed of
16 healthy subjects (6 women and 10 men, mean age
30.9 + 1.4 years) recruited from the staff of our de-
partment with no clinical evidence of rhinitis or
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asthma. In all of them, skin prick test was negative
to common aeroallergens.

The study was performed as part of the outpatient
diagnostic protocol for allergic nasal diseases. Ac-
cordingly, all patients were informed of the charac-
teristics and nature of the procedures performed,
and all of them gave full informed consent.

Nasal lavage

Nasal lavage was performed by instilling 8 ml of
0.99; sterile saline solution, 4 ml in each nostril, with
the subject’s head tilted 30° backwards. As reported
previously (14, 15), subjects were instructed neither
to breathe nor swallow for approximately 10 s dur-
ing a Valsalva maneuver, and then to bend the head
forward in order to collect the mixture of saline and
nasal secretions.

The liquid obtained was centrifuged (500 g at 4°C
for 10 min), and the cell pellet was resuspended in
0.5 ml of PBS and vigorously shaken with a pipette
to dissolve mucus plugs. Total cell counts were ob-
tained in a Neubauer’s hemocytometer. From three
to six cell smears were obtained by low-speed cyto-
centrifugation (400 rpm, 10 min) with a Cytospin 2
(Shandon, Southern Products, Cheshire, UK), with
25 x 107 cells in 75-150 pl. One smear was stained
with MGG, and the differential cell count of 200
cells was then obtained. Cells were identified ac-
cording to their structure as epithelial cells, neutro-
phils, eosinophils, lymphocytes, and metachromatic
cells (basophils and mast cells). The remaining
smears were kept at room temperature for 6—24 h
and then wrapped in aluminum foil and stored at
=70°C until staining with monoclonal antibodies
was performed.

Immunocytologic staining

Staining by monoclonal antibodies was performed
by the immunoalkaline phosphatase method previ-
ously described (24). Smears were fixed in a
formaldehyde-acetone solution and incubated with
the monoclonal antibody. Cell preparations were
then incubated with rabbit antimouse immunoglob-
ulins (Dakopatts, Denmark), normal human serum,
with alkaline phosphatase antialkaline phosphatase
immune complexes (APAAP) (Dakopatts, Den-
mark), and, finally, with an alkaline phosphatase
substrate. For evaluation of the immunocytochemi-
cal reaction, slides were viewed under a light micro-
scope with magnification x 400 to x 1000. Positive
reacting cells were recognized by a continuous,
bright-red staining of the membrane. In addition,
eosinophils stained with EG2 monoclonal antibody
showed a granular intracellular positivity. Two hun-
dred cells of each preparation were counted, and the



percentage of positive cells was obtained. The mono-
clonal antibodies used in this study are detailed in
Table 1. Microscopic evaluation was performed on
coded slides by two different investigators.

Statistical analysis

All data are expressed as mean value + standard de-
viation. For determination of the differences between
both methods of cell identification, the Kruskal-
Wallis and Mann-Whitney tests were used. A P value
<0.05 was considered to be statistically significant.

Results

The total cell count was higher in patients with rhin-
itis, but without reaching statistical significance. Dif-
ferential cell counts showed that epithelial cells were
the main cell type identified in both patients with
rhinitis (46.9+ 5.5% ) and control subjects (70.2
+ 7.49%). The percentage of eosinophils was signifi-
cantly higher in patients with rhinitis (9.4 +39%;
P<0.01) than in the control group (0.56+0.39%,)
(Table 2). The increase in the numbers of eosino-
phils accounted for the decreased percentage of ep-
ithelial cells observed in patients with rhinitis, as
compared with controls.

Because of the low number of cells obtained, there
were not enough cytocentrifuge preparations to test
each monoclonal antibody in all subjects. When im-
munocytologic analysis was compared with differ-
ential cell counts, we observed that the number of
epithelial cells identified was significantly higher in
preparations stained with MGG, both in the control
group and in patients with rhinitis. In the control
group, the percentage of epithelial cells identified
was 64.6 + 7.89, in preparations stained with MGG
and 14.2 +3.5% in smears stained with CK 1 mono-
clonal antibody (» = 10; P<0.001). In patients with
rhinitis, the number of epithelial cells identified was
56.9+7.6% and 18.2 +3.79%, respectively (n=21;
P<0.001) (Fig. 1). In contrast, no differences were
found between both methods of cell identification in
percentage of eosinophils when EG2 monoclonal
antibody was tested, either in controls (MGG,
0.6+0.2%; EG2,0.8+0.3%;n="7)or patients with
rhinitis (MGG, 11.5+4.6%; EG2, 10.1+3.4%;

Table 1. Panel of monoclonal antibodies used in the immunocytologic analysis

Monoclonal antibody CD Reactivity Source

CK1 - Epithelial cells Dako

EG2 - Eosinophil cationic protein Sanbyo

Leu 4 CD3 T lymphocytes Becton Dickinson
Leu M1 CD15 Mature granulocytic cells Becton Dickinson
Leu M3 CD14 Monocytes, macrophages Becton Dickinson

Immunocytologic analysis of nasal lavage

Table 2. Total and differential cell counts in smears stained with May-Griinwald-Giemsa
(MGG)

Control group Rhinitis
Subjects (n) 16 29
Total cell count (X 10%) 12.744.1 49.8+30.8
Epithelial cells (%) 70.2+7.4 46.945.5%
Neutrophils (%) 26,9475 37.945
Eosinophils (%) 0.56+0.3 9.4+43%
* P<0.05; ** P<0.01.
100
P < 0.001 P < 0.001
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Fig. 1. Percentage of epithelial cells stained with May-Griinwald—
Giemsa (open bars) and with CK1 monoclonal antibody (closed
bars) for both controls (17 = 10) and patients with rhinitis (n = 21).

n=19) (Fig. 2A). After nasal allergic provocation,
an increase in the percentage of eosinophils was ob-
served with both methods of cell identification:
MGG, 27.1+129%; EG2, 22.2+92% @m=7)
(Fig. 2B). Similarly, we did not find differences in the
number of granulocytes between differential cell
counts and smears stained with CD15 monoclonal
antibody in either controls (MGG, 45+ 10.69%;
CD15, 44.6 + 10.59%,; n=_8) or patients with rhinitis
(MGG, 51.2+5.6%; CDI15, 49.2+6.4%; n=24)
(Fig. 3). Only isolated cells with morphologic char-
acteristics of lymphocytes were detected in two pa-
tients. Staining with CD3 monoclonal antibody
showed only two positive cells in two patients. No
monocytes or macrophages were identified with
MGG stain or immunocytologic analysis by CD14
monoclonal antibody. Furthermore, we did not de-
tect metachromatic cells by either method of cell
identification.

Discussion

In the present study, we have compared two meth-
ods of cell analysis in nasal lavage fluid: differential
cell counts in preparations stained with MGG, and
immunocytologic analysis by a panel of monoclonal
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Fig. 2. A) Percentage of eosinophils stained with May-Grlinwald-
Giemsa (open bars) and with EG2 monoclonal antibody (closed
bars) for both controls (n=7) and patients with rhinitis (n = 19).
B) Eosinophils stained with both methods after nasal allergic
provocation in patients with rhinitis (n=7).

EG2

antibodies. In differential cell counts using the MGG
staining method, epithelial cells were the main cell
type detected. A decreased percentage of these cells
in patients with rhinitis with respect to controls may
be explained by the increase in neutrophils and eosi-
nophils observed in these patients. However, we
found that epithelial cell counts were significantly
decreased in the immunocytologic analysis. We used
the anticytokeratin monoclonal antibody CK 1, which
reacts specifically with the human keratin interme-
diate filaments of epithelial cells (11). The lack of
immunostaining was not related to the use of a weak
antibody concentration since concentrations as high
as 1/10 failed to stain cell smears. Other studies
performed in our laboratory with the same antibody
in epithelial cells dissociated from nasal mucosa
specimens removed at surgery showed positive stain-
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Fig. 3. Percentage of granulocytes stained with May-Griinwald-
Giemsa (open bars) and with CD15 monoclonal antibody (closed
bars) for both controls (1 = 8) and patients with rhinitis (7 = 24).

ing values close to 1009 (unpublished data). The
reason that epithelial cells did not react with CK1
antibody may be related to cell desquamation. Epi-
thelial cells line the nasal mucosal surface, and many
of them are desquamated and show a low viability,
mainly in patients with rhinitis. Although cell via-
bility was not determined in this study, we have
observed in nasal lavage performed on both healthy
subjects and patients with rhinitis that cell viability
is usually low, ranging from 60%, to 709 .

In contrast, we found that eosinophil counts were
similar by both methods of cell identification in con-
trols and patients with rhinitis. As expected, the per-
centage of eosinophils was significantly higher in pa-
tients with rhinitis than in basal values after nasal
allergic provocation (3). EG2 monoclonal antibody,
which binds to human eosinophil cationic protein
(22), was used in our study to stain the eosinophils
by immunocytologic analysis. This antibody has
been widely used as a successful marker in the iden-
tification of eosinophils on bronchial mucosa in pa-
tients with asthma (1). Thus, our results indicate that
staining with EG2 antibody is a useful method to
identify eosinophils in nasal lavage. Similar results
were obtained with CD15 monoclonal antibody,
since it reacted positively with neutrophils and eosi-
nophils observed in MGG-stained cell smears.

Although mucosal infiltration by T-cells has been
demonstrated in upper airways of patients with rhin-
itis (9, 17), these cells were not detected in nasal
lavage in the present study. These results suggest
that T-cell infiltration of nasal mucosa is not re-
flected in nasal lavage. Recently, Poulter et al. (21)
have demonstrated that bronchoalveolar lavage may
be an inappropriate sampling procedure for the in-
vestigation of T-cell infiltration in the bronchial mu-
cosa of asthmatic patients.

The present study also failed to identify mast cells




and basophils in nasal lavage. Although specific
monoclonal antibodies against these cells were not
used in our study, metachromatic cells are easily
recognizable in smears stained with MGG (25). In
addition, immunocytochemical analysis by CD15
monoclonal antibody did not stain any cell with
morphologic characteristics of basophils. Thus, our
results agree with previous studies dealing with nasal
lavage cellular analysis in which metachromatic cells
were absent or their counts were very low (3). The
number of mast cells is low in histologic specimens
from normal nasal mucosa, but their count increases
m the nasal turbinate mucosal epithelium of patients
with rhinitis (18). However, mast cells are mainly
residents of the submucosal layer and stroma (7).
This fact may explain the low counts or absence of
mast cells in nasal lavage. Likewise, we did not de-
tect macrophages or monocytes by either method of
cell identification. As previously reported (3), these
cells are not usually observed in nasal lavage.

In conclusion, our results indicate that: 1) MGG
stain is a useful method to identify cells obtained by
nasallavage: 2) immunocytologic analysis withmono-
clonal antibodies accurately identifies granulocytic
cells, while only a low proportion of epithelial cells
aredetected, probably because anticytokeratin mono-
clonal antibody reacts only with viable cells.

Acknowledgments

This work was supported by a grant from Direcciéon General de
Investigacion Cientifica y Técnica (DGICYT) PM 90/0058. Dr J.
Mullol was supported in part by a grant from Fundacid Catalana
de Pneumologia (FUCAP).

References

1. Azzawi M, BRADLEY B, JEFFERY PK, et al. Identification
of activated T lymphocytes and cosinophils in bronchial bi-
opsies in stable atopic asthma. Am Rev Respir Dis 1990: 142:
1407-13.

2. Bascom R, WAcHS M, NACLERIO RM, PIPKORN V, GALLI
SJ, LICHTENSTEIN LM. Basophil influx occurs after nasal
antigen challenge: effects of topical corticosteroid treatment.
J Allergy Clin Immunol 1988: 81: 580-9.

3. Bascom R, PIPKORN U, LICHTENSTEIN LM, NACLERIO
RM. The influx of inflammatory cells into nasal washings
during the late response to antigen challenge. Am Rev Respir
Dis 1988: 138: 406~12.

4. BEASLEY R, RocHE WR, RoBERTS JA, HOLGATE ST.
Cellular events in the bronchi in mild asthma and after bron-
chial provocation. Am Rev Respir Dis 1989: 139: 806-17.

5. BiSGAARD H, KROGSGAARD O, MYGIND N. Measurement
of secretion in nasal lavage. Clin Sci 1987: 73: 217-22.

6. FARR B, HACKETT S, WINTHER B, HENDLEY JO. A
method for measuring polymorphonuclear concentrations in
nasal mucus. Acta Otolaryngol 1984: 40 (Suppl. 413): 15-18.

7. KAWABORI S, DENBURG JA, ScHwWARTZ LB, et al. His-

10.

11.

24.

25.

Immunocytologic analysis of nasal lavage

tochemical and immunohistochemical characteristics of mast
cells in nasal polyps. Am J Respir Cell Mol Biol 1992: 6:
37-43.

. Lam S, AL-Malep S, CuaN H, Tse K, LERicHE JC,

CHAN-YEUNG M. Differences in mediator release between
allergic rhinitis and asthma. J Allergy Clin Immunol 1991: 87:

842-9.

. Lozewicz S, Davigs RJ. Inflammatory cells in allergic rhin-

itis. Respir Med 1991: 85: 259-61.

MESLIER N, BRAUNSTEIN G, LACRONIQUE J, LOCKHART
A. Local cellular and humoral responses to antigenic and
distilled water challenge in subjects with allergic rhinitis. Am
Rev Respir Dis 1988: 137: 617-24.

MoOLL R, FRANKE WW, SHILLER DL, GEIGER B, KRIPLER
R. The catalog of human cytokeratins: pattern of expression
in normal epithelium, tumors and cultured cells. Cell 1982: 31:
11-24.

. MurroL J, RAPHAEL GD, LUNDGREN JD, et al. Compari-

son of human nasal mucosal secretion in vivo and in vitro. J
Allergy Clin Immunol 1992: 89: 584-92.

. MYGIND N, BorUM P, SECHER C, KIERKEGAARD J. Nasal

challenge. Eur J Respir Dis 1986: 68 (Suppl. 143): 31-4.

. NACLERIO RM, MEIER HL, KAGEY-SoBOTKA A, et al.

Mediator release after airway challenge with allergen. Am Rev
Respir Dis 1983: 128: 597-602.

. NAcLERIO R, MEIER H, KAGEY-SOBOTKA A, NORMAN P,

LICHTENSTEIN L. In vivo model for the evaluation of topic
antiallergic medications. Arch Otolaryngol 1984: 110: 25-7.

. Okubpa M, OHTsukA H, KAwABORI S. Basophil leuko-

cytes and mast cells in the nose. Eur J Respir Dis 1983: 64
(Suppl. 128): 7-14.

. OKUDA M, PAWANKAR R. Flow cytometric analysis of in-

traepithelial lymphocytes in the human nasal mucosa. Allergy
1992: 47: 255-9.

. OT1suka H, DorovicH J, BEFus AD, TELIZYN S, BIEN-

ENSTOCK J, DENBURG JA. Basophilic cell progenitors, nasal
metachromatic cells and peripheral blood basophils in rag-
weed allergic patients. J Allergy Clin Immunol 1986: 78: 365—
7L,

. PELIKAN Z, PELIKAN-FILIPEK M. Cytologic changes in the

nasal secretions during the late nasal response. J Allergy Clin
Immunol 1989: 83: 1069-79.

20. PELIKAN Z, PELIKAN-FILIPEK M. Cytologic changes in the

nasal secretions during the immediate nasal response. J Al-
lergy Clin Immunol 1988: 82: 1103-12.

. PouLTER LW, Norris A, Power C, CONDEzZ A.

ScHMEKEL B, BURKE C. T-cell dominated inflammatory re-
actions in the bronchi of asthmatics are not reflected in
matched bronchoalveolar lavage specimens. Eur Respir J
1992: 5: 182-9.

. Ta1 PC, CAPrRON M, BAKES DM, BARKkANS J, SPrY CJF.

Monoclonal antibodies to human eosinophil plasma mem-
brane antigens enhance the secretion of eosinophil cationic
proteins. Clin Exp Immunol 1986: 63: 728-37.

. ToGias A, NACLERIO RM, PrRoUD D, et al. Studies on the

allergic and non-allergic nasal inflammation. J Allergy Clin
Immunol 1988: 81: 782-90.

XAUBET A, AcusTti C, PicaApo C, URBANO-ISPIZUA A.
CARRION M, AGUSTI-VIDAL A. Demonstration of surface
antigens on bronchoalveolar lavage cells using the immunoal-
kaline phosphatase method. Respiration 1989: 56: 43-7.
XAUBET A, Moists JA, AGgusTti C, MARTOS JA, PICADO
C. Identification of mast cells in bronchoalveolar lavage fluid:
comparison between different fixation and staining methods.
Allergy 1991: 46: 222-7.

591



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



