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Objectives: Usefiilness and reliability of nasal brush samples in a monolayer cell culture was

Methods: Cells for cultures were harvested under the middle turbinate from patients with
chronic sinusitis and from controls. Ciliary function was analysed using a microscope
equipped with a high-speed video camera. Ciliary beat frequency (CBE), ciliary amplitude,
waveform and coordination were analysed from the cultures 4-6 h after the harvest of brush

Results: The average success rate of cell cultures was 82, 5%. There were not statistically sig-
nificant differences in CBF between patients and controls but there was significant difference
between brush biopsy and cultured brush biopsy in controls. The ciliary beat amplitude and

Conclusions: Miniculture method for culturing nasal cells from brush biopsies proved reli-
able and non-invasive for detailed analysing of ciliary function and for excluding possible
secondary ciliary dyskinesia. Compared to conventional mucosal cell cultures where thick
and invasive specimens are needed for successful cultures, it is easier and quicker to perform
and well tolerated by patients. Thin monolayer cultures enable the evaluation of frequency,
amplitude and the waveform of the cilia beat under the microscope whereas floating cells
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SUMMARY
studied for evaluation of ciliary movement.
samples and 3 days after the culture.
the waveform were normal in all samples in both groups.
and cell clusters do not give this opportunity.
dyskinesia
INTRODUCTION

Mucociliary clearance is an important defence mechanism in
the respiratory tract and ciliary function is one of its major
properties. Ciliary function includes coordinated ciliary activi-
ty, ciliary beat frequency (CBF), ciliary beat amplitude (CBA)
and waveform and can be estimated in cell culture with high-
speed video recordings and a phase-contrast microscope [1,2].
All phases of ciliary motility can be analysed with a micro-
scope equipped with a high-speed video camera recorder.
Ciliary function can be examined in monolayer culture with-
out being disturbed by effects from the autonomic nervous
system or mucosally secreted factors [2,3].

Primary ciliary dyskinesia (PCD) is one of the possible causes of
chronic otitis media, sinusitis, bronchiectasis and male infertility
[4-6]. The diagnosis of PCD is complicated. Electron microscopy
(EM) has played a leading role in the exploration of PCD,
although the ultrastructural findings in respiratory cilia can be
complex and the use of EM as a criterion for the diagnosis has
some limitations. The major problem in EM is differentiation of
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primary and secondary dyskinesia [7]. The presence of coordi-
nated, effective ciliary beating has been regarded as an exclusion
criterion for PCD [8-10]. In cell culture the secondary ciliary
dyskinesia can be excluded and it is possible to examine primary
disturbances of ciliary function. Brush biopsy is less invasive and
all phases of ciliary motility can analyse better in cell culture
than in conventional mucosal biopsies. Rutland and Cole [11]
reported a brush biopsy method for measurement of CBF
already 1980 and also nasal biopsies have been widely used for
studies of both ciliary ultrastructure and the motility of cilia.

The purpose of this study was to examine the usefulness of
brush biopsy in cell culture and to determine the reliability of
ciliary movement examination with an inverted phase-contrast
microscope equipped with a high-speed video camera. Cell cul-
ture of brush biopsy has been used to examine abnormal apop-
totic mechanism in asthmatic bronchial mechanism [12]. We
used this method in analysis of ciliary function for the first
time to our knowledge.
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MATERIALS AND METHODS

We studied 10 consecutive patients (7 females, 3 males, mean
age 51.9 yrs) suffering from chronic sinusitis who underwent
sinus operations. The control group (CG) included 10 patients
(7 females, 3 males, mean age 37.22 yrs), who were operated
on for other diseases (e.g. parotid tumour) and suffered from
no upper respiratory tract infections. None of our patients or
controls had diagnosed with PCD. In the chronic sinusitis
group (CSG) nasal mucosa specimens were taken during sinus
operations for use in 10 cell cultures. In addition, ciliated cells
were taken from the middle nasal turbinate on both sides of
the nose using brush biopsy. Brush biopsies were taken from
the CG similar to those from the CSG under local anaesthesia
induced by cocaine and adrenalin. Both the specimens and
brushed cells were immediately immersed in cell culture medi-
um (1:1 mixture of Dulbecco’s modified Eagle’s medium
(DME) and Ham’'s nutrient F12 (DME/F12) supplemented
with penicillin (50 IU/ml) and streptomycin (50 mg/ml)).

Ciliary activity was analysed from part of the brush biopsy cells
of both groups 4-6 h after the harvest. The remaining harvest-
ed cells were then cultured in 2 cultures for each patient using
a thin collagen gel layer on a cover glass. The medium with
brushed cells was centrifuged at 1000 rpm for 5 min. The
supernatant was discarded and 2 ml fresh medium added to
the centrifuged brushed cells. The medium used for culture
consisted of a 1:1 mixture of DME/F12 supplemented with
10% NU-serum, choleratoxin (10 ng/ml), retinoic acid [10'7],
penicillin (50 IU/ml) and streptomycin (50 mg/ml).

The mucosal specimens from the CSG group were conven-
tionally cultured. For ethical reasons, large mucosal specimens
were not taken from controls. Instead this biopsy method was
used as control method for brush biopsies. After washing, the
mucosal specimens were digested with 0.75 % pronase (Type
14 protease, Sigma) in DME/F12 at +4 °C overnight under
continuous rotation. After removing the specimens, the cell
suspension was preplated for 2 h on a plastic dish to reduce the
number of contaminating fibroblasts. The medium was then
transferred from the dish and centrifuged, after removing the
supernatant and adding fresh medium. Cover glasses with a
diameter of 30 mm were placed in the cell culture dishes and
coated with collagen. The cell suspensions from the harvested
cells and nonadherent cells from the mucosal specimens were
plated on the collagen layer and incubated at + 37 °C in a 5%
CO’ atmosphere.

On the third day the cover glasses were removed from the cell
culture dishes and fixed to the bottom of a Rose’s chamber,
which was immediately filled with medium.

Ciliary motility was analysed both from the brush biopsy cells
and cultured nasal cells using an inverted phase-contrast micro-
scope (Nikon) equipped with a high-speed CCD video camera
capable of taking 240 frames per second at 100x magnification.
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The CBF, CBA, coordination and the waveform of cilia were
analysed from slow speed recordings. The CBA was evaluated
by semi-quantitative analysis of ciliary movement in 3 classes
as follows: wide amplitude, intermediate, and no or tremor like
movement.

Variables had normal distribution and the t-test was used for
statistical analysis. Written informed consent was obtained
from all volunteers before participation, and ethical approval
was obtained from the Joint Ethics Committee of Tampere
University Hospital.

RESULTS

The average success rate of cell cultures in cultured harvested
cells was 82.5% (33/40). It was 85% (17/20) in patients (CSG)
and 80% (16/20) in controls (CG). Cells for brush biopsies
were taken from both nostrils in each patient and control and
only in one control patient (1/20) both cultures failed and no
analyses of ciliary function were able to perform. For every
patient and control subject at least one sample succeeded and
therefore 19/20 subjects had their ciliary function examined
with brush method. All mucosal specimen cultures succeeded
(20/20) taken from patients (Table 1).

Table 1. Success rate of cell cultures.

Controls Patients
Cultured brush biopsy 80% (17/20) 85% (16/20)
Mucosal specimens no samples 100% (20/20)

The mean CBF in brush biopsy cells was 18.8 £+ 4.3 Hz (mean
+ SD) in the CSG and 16.9 £+ 3.2 Hz in the CG. The mean
CBF in cultured brush biopsy cells was 20.7 =+ 2.9 Hz in the
CSG and 20.9 + 2.7 Hz in the CG. The mean CBF was 23.4 +
2.7 Hz in cultured mucosal specimens (Table 2).

The CBA was normal (wide amplitude) in all samples in both
groups and there was no difference between the groups. There
was coordinated ciliary activity in both cell cultures between
each cilium in every cell, in harvested cell clusters ciliary activi-
ty was coordinated in all samples. The waveform was normal
in both cell culture groups (Table 2).

There was no statistical difference in CBF in brush biopsy (P >
0.05) or cultured brush biopsy cells (P > 0.05) between patients
in the CSG and CG. However there was significant difference
(P< 0.01) in CBF between brush biopsy and cultured brush
biopsy cells in controls (Table 2).

DISCUSSION
Ciliary function can be studied in monolayer culture without
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Table 2. Ciliary beat frequency (CBF) and ciliary beat amplitude (CBA) in brush cell biopsies, in cultured brush cell biopsies and in mucosal

specimens from controls and patients with chronic sinusitis. * p<0.01

CBA and CBF in controls CBA and CBF in patients
Brush biopsy cells wide amplitude, wide amplitude, p>0.05
169 £3.2 Hz 18.8 43 Hz
Cultured brush biopsy wide amplitude, wide amplitude, p>0.05
normal waveform normal waveform
*20.9+2.7Hz 20.7 29 Hz
Mucosal specimens no samples wide amplitude,

23.4+27Hz

being disturbed by effects from the autonomic nervous system,
bacterial toxins or factors secreted from the mucosa. A defini-
tive advantage of using monolayer cell cultures on collagen-
coated cover glasses is the use of higher microscope magnifica-
tions for studying ciliary beat, so that even the movements of
individual cilia can be recognized and all parts of ciliary beat-
ing can be evaluated at the same time. This enables the evalua-
tion of amplitude, the waveform and the frequency of cilia
beat. Conventional cell cultures instead need a large number
of cells and invasive biopsies. Fresh samples are also problem-
atic because the cells are not fixed and they move and turn
under the microscope so that the ciliary movement is impossi-
ble to evaluate exactly. Jorissen et al. [12] has shown that sec-
ondary ciliary dyskinesia is virtually absent after ciliogenesis in
sequential monolayer-suspension culture, and the results are
100% sensitive and 100% specific for PCD.

We used brush biopsy in cell culture to test the reliability of
ciliary movement examination in monolayer cell cultures. The
success rate of cell cultures was good (82.5% from harvested
cells and 100% from mucosal specimens). The reasons for cell
culture failures included the use of insufficient material or
loosening of the thin collagen gel layer from the bottom of the
cover glass. More ciliated cells occur in mucosal specimens
than in brush biopsy, which may explain the difference, but
still the success rate of cell cultures from harvested cells was
very high. The CBF resembled that found in monolayer cul-
ture [2] but was clearly higher than the CBF measured from
biopsy specimens from the respiratory mucosa [13,14] or sus-
pension culture [15]. The difference may be due to +36.5 °C
temperature used in our study. There was no statistical differ-
ence in CBF between patients in the CSG and CG; however,
the difference in CBF between methods may demonstrate the
effect of disturbing factors in brush biopsy cells, which could
be avoided when cells are cultured. The mean CBF in cell cul-
ture of mucosal specimens was higher than in the culture of
brushed biopsy cells, which may be explained by the higher
density of cells in mucosal culture. It has been reported that
cell density influences the frequency of CBF in cultured cells

[3]. CBF was surprisingly good also in patients” samples, which
might be explained at least partly by the fact that cells have
ideal environment in cultures. This also indicates that there
are normal ciliated cells left at least in the nasal cavity in
patients with chronic sinusitis and that these cells have normal
ciliary function.

We examined the cell cultures on the third day when the cells
had already flattened but the number of cilia or the CBF had
not decreased. The movements of individual cilia can be rec-
ognized in recordings performed at lower speeds, even in
slightly flattened cells. Coordination of each cilium could be
estimated in every individual cell and was present in all suc-
cessful cell cultures from both groups. When the cells were
separated from each other in the cell cultures, coordination
between the cells could not be estimated because the cells did
not influence each other and the direction of ciliary movement
was thus individual. Coordinated ciliary activity between cells
could be estimated from harvested cell clusters, this activity
was coordinated if there was transport of material along the cil-
iary lining, single cells or cell clusters rotating in the medium.

The brush biopsy method is less traumatic, easily performed in
outpatients and better tolerated than normal biopsy. Therefore
it can be used under local anaesthesia repetitively when it is
clinically reasonable. Cultured harvested cells are a useful
functional method for examining all aspects of ciliary function.
It is also possible that after functional evaluation the same cells
can be prepared for TEM for evaluation of ciliary ultrastructur-
al. The method is also a simple way to exclude the effects of
chronic infection on ciliary function and ciliary ultrastructural.
We found that the cell culture of respiratory cells harvested
with brush biopsy is a promising method for analysis of ciliary
function and could be used also to analyse patients with sus-
pected PCD. However, the method needs further evaluation of
both functional and ultrastructural findings from PCD and
non-PCD patients before genetic ciliary disorders can be ruled
out by the use of this method.



124

REFERENCES

1.

10.

Jorissen M, van der Schueren B, Tyberghein J, van der Berghe H,
Cassiman JJ (1989) Ciliogenesis and coordinated ciliary beating in
human nasal epithelial cells cultured in vitro. Acta
Otorhinolaryngol Belg 43: 67-73.

Rautiainen M, Matsune S, Shima S, Sakamoto K, Hanamure Y,
Ohyama M (1992) Ciliary beat of cultured human respiratory cells
studied with differential interference microscope and high speed
video system. Acta Otolaryngol 112: 845-851.

Rautiainen M, Matsune S, Yoshitsugu M, Ohyama M (1993)
Degeneration of human respiratory cell ciliary beat in monolayer
cell cultures. Eur Arch Otorhinolaryngol 250: 97-100.

Mygind N, Pedersen M (1983) Nose-, sinus- and ear-symptoms in
27 patients with primary ciliary dyskinesia Eur J Respir Dis Suppl
127: 96-101.

Sleigh MA (1981) Primary ciliary dyskinesia. Lancet 2: 476.

Van der Baan S, Veerman AJ, Weltevreden EF, Feenstra L (1983)
Kartagener's syndrome: clinical symptoms and laboratory studies.
Eur J Respir Dis Suppl 127: 91-95.

Jorissen M, Bertrand B, Eloy P (1997) Ciliary dyskinesia in the
nose and paranasal sinuses. Acta Otorhinolaryngol Belg. 51: 353-
366.

Bush A, Cole P, Hariri M, Mackay I, Phillips G, O’Callaghan C,
Wilson R, Warner JO (1998) Primary ciliary dyskinesia: diagnosis
and standards of care. Eur Respir J 12: 982-988.

Van der Baan S, Veerman AJ, Wulffraat N, Bezemer PD, Feenstra
L (1986) Primary ciliary dyskinesia: ciliary activity. Acta
Otolaryngol 102: 274-281.

Afzelius BA (1985) The immotile-cilia syndrome: a microtubule-
associated defect. CRC Crit Rev Biochem 19: 63-87.

11.

12.

13.

14.

15.

Toskala et al.

Rutland J, Cole PJ (1980) Non-invasive sampling of nasal cilia for
measurement of beat frequency and study of ultrastructure.
Lancet 2: 564-565.

Jorissen M, Willems T, van der Schueren B, Verbeken E (2000)
Secondary ciliary dyskinesia is absent after ciliogenesis in culture.
Acta Otorhinolaryngol Belg 54: 333-342.

Reimer A, Hakansson CH, Mercke U, Toremalm NG (1977) The
mucociliary activity of the upper respiratory tract. I. A method for
use in experimental studies on human material. Acta Otolaryngol
83:491-497.

Ingels KJ, Kortmann MJ, Nijziel MR, Graamans K, Huizing EH
(1991) Factors influencing ciliary beat measurements. Rhinology
29:17-26.

Jorissen M, Bessems A (1995) Influence of culture duration and
ciliogenesis on the relationship between ciliary beat frequency and
temperature in nasal epithelial cells. Eur Arch Otorhinolaryngol
252: 451-454.

Dr Elina Toskala-Hannikainen
Department of Otorhinolaryngology
Helsinki University Hospital

P.O. Box 220

00029 HUS

Finland

Tel + 358 9 4747 2331
Fax + 358 9 4747 2149
E-mail: elina.toskala-hannikainen@ttl.fi



