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Mucociliary function, ciliary ultrastructure, and ciliary orientation in Young’s syndrome

Table 1 Respiratory function

in patients with Young’s syndrome (n= 14). All values

are percentages of predicted values in an Australian population

185

doublets or extra microtubules (single or dou-
ble) outside the peripheral ring of doublets.
Central tubule defects included missing central

FEV, FVC FRC RV TLC TLco X . .
microtubules or extra single microtubules
Iggan ?(5)3 ‘i;-g ?gg 1(2)3 'S'g tllg'g within the peripheral ring of doublets. Profiles
Range 54-108 77126 49106 66-186 76118 64-105 of cilia that were clearly sectioned near the tip

FEV, = forced expiratory volume in one second; FVC = forced vital capacity; FRC

functional residual capacity; RV = residual volume; TLC =

total lung capacity; TLCO =

carbon monoxide transfer factor.

respiratory tract infections (either bacterial or
viral).

Chest radiographs in 16 patients showed
abnormalities in 13, including cystic changes,
bronchiectasis, calcified lymph nodes and
pleural shadows. Radiographs of the paranasal
sinuses were abnormal in 11 of the 16 patients
examined. Changes included mucosal thicken-
ing, fluid levels, and polyps. Results of res-
piratory function tests are listed in table 1.

Twenty volunteers (mean age 42 (12)) with
no history of recurrent respiratory tract disease
were also studied. They were matched with the
patients for age and smoking habits (table 2).
The study was approved by the ethics commit-
tee at Concord Hospital, and all subjects gave
informed consent.

INVESTIGATIONS

Nasal mucociliary clearance time was measured
by the saccharin test.”® When no clearance was
demonstrated after one hour a value of 60
minutes was assigned for calculation of the
group mean clearance time. Nasal mucociliary
clearance time was not measured in control
subjects, as a previous study established that
nasal mucociliary clearance time by this tech-
nique is less than 30 minutes in normal
subjects.'® Respiratory function tests were per-
formed in only 14 patients.

Samples of nasal ciliated epithelium were
obtained by nasal mucosal brushing' ? from all
subjects for photometric determination'® of
ciliary beat frequencies and for electron
microscopy.'”? The following features of
ciliary ultrastructure were analysed quanti-
tatively from electron micrographs of trans-
versely sectioned cilia: the incidence of

or base of the cilium were not included in the
counting procedures as the normal termination
of ciliary microtubules at these levels may lead
to an overestimation of abnormal cilia. The
relative orientation of cilia was also measured.’
The ciliary beat axis is perpendicular to a line
drawn through the centres of the two central
microtubules (figure 1). The angle subtended
by this line to an arbitrary reference line was
measured from electron micrographs with a
graphics tablet interfaced to a computer.!” The
mean ciliary angle and the standard deviation
(ciliary deviation) from this mean angle were
determined. The ciliary deviation provides a
measure of the variation in the ciliary beat axis.
Ciliary deviation was measured at two levels:
near the tips and near the bases of the cilia. In
transverse sections of cilia the presence of
microvilli indicates a plane of section near the
bases of the cilia and the absence of microvilli

compound cilia, the incidence of central and
peripheral microtubule defects, the numbers of
inner and outer dynein arms per cilium, and
ciliary orientation. Peripheral tubule defects
were defined as missing or displaced peripheral

Table 2 Smoking history and mucociliary function in patients with Young’s syndrome

Age (years) Pack years NMCC (min) CBF (Hz)
Normal subjects (n = 20)

Mean 44 107 10* 11-6

SD 12 16-8 2 1-0
Range 28-68 0-50 <30 10-13-7

Patients with Young’s syndrome (n = 20)

Mean 42 11-7 33+ 11-9

SD 12 17-9 21 1-3
Range 29-71 0-54 9-60+ 10-2-15-1

Variation in ciliary orientation along the
ciliary shaftina patient with Young’s syndrome. The
orientation of cilia at the ciliary tips ( B) was more
disorganised (ciliary deviation 31-1°) than at the ciliary
bases (A) (ciliary deviation 12-5°).

Figure 1

NMCC = nasal mucociliary clearance time; CBF = ciliary beat frequency.

*Data from Rutland and Cole."®

tUnderestimation of true mean—an arbitrary value of 60 min was assigned for NMCC
> 60 min.
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Table 3 Ciliary ultrastructure in patients with Young’s syndrome

CC (%) CT (%) PT (%)

Ciliary deviation (degrees)

DAifcilium DAo|cilium  Base Tip Total

Normal subjects (n = 20)

Mean 03 1-0 1-8 56 84 141 145 14-8

SD 0-5 1-8 13 11 0-4 42 35 41

Range 0-1-6 0-7-8 0-5-0 3-7-8-0 7-6-89 7-4-26-7 9-3-23-9 9-7-24
Patients with Young’s syndrome (n = 20)

Mean 1-4 1-7 33 57 85 166 21-9* 20-4*

SD 20 1-8 48 11 05 75 87 70

Range 0-75 0-66 0-21-5 37-76 7-0-9-0 95-214 104401  11-7-334

*p < 0-01 (z test).

CC = compound cilia; CT = central tubule defects; PT = peripheral tubule defects; DAi = inner dynein arm numbers;

DAo = outer dynein arm numbers.

indicates a plane of section nearer the tips.
After separate analyses of ciliary deviation at
these two levels data were pooled to provide a
total measure of ciliary deviation for each
patient.

ANALYSIS

When data were distributed normally (nasal
mucociliary clearance time, ciliary beat
frequency, ciliary deviation, and numbers of
dynein arms per cilium) analysis of variance
and ¢ tests were used. The incidence of com-
pound cilia and of central and peripheral
microtubule defects and the numbers of inner
and outer dynein arms per cilium were com-
pared by the Mann-Whitney U test.

Results

Mean nasal mucociliary clearance time in
Young’s syndrome patients was significantly
prolonged (p < 0-001) compared with normal
values. Mean ciliary beat frequency was not
significantly different (p > 0-05) from normal
subjects. Ciliary beat frequency in all patients
with Young’s syndrome was within normal
limits. Ten patients had nasal mucociliary
clearance times greater than 60 minutes
(table 2).

Cilia from patients with Young’s syndrome
had normal ciliary ultrastructure with the nor-
mal complement of microtubules (9+2) and
dynein arms (table 3). Although not quantified,
radial spokes were also visible and seemed to be
present in normal numbers. Some patients had
higher numbers of compound cilia and peri-
pheral microtubule defects than had normal
subjects, but as a group there was no significant
difference. Mean ciliary deviation for patients
with Young’s syndrome was within normal
limits,"” but there was a significant difference
between normal subjects and patients with
Young’s syndrome (p < 0-01). Seven patients
had mean ciliary deviation (25-5°, 26-6°, 29-3°,
33-6°, 33-7°, 36:7°, 39-6°) outside the range for
normal subjects. Random ciliary orientation,
often seen in patients with primary ciliary
dyskinesia,'” was not found in any patient with
Young’s syndrome. Comparison of ciliary
deviation at two levels along the length of the
axoneme showed that at the ciliary base ciliary
deviation was not significantly different from

that in normal subjects, although at the tips of
the cilia ciliary deviation was significantly
greater (p < 0-01) than that in normal subjects.
The different orientation of cilia at these two
levels is shown in figure 1. The distribution of
ciliary angles in patients with Young’s syn-
drome (figure 2) showed a small increase in the
numbers of cilia with large angles of deviation
from the mean angle compared with normal
subjects.

Discussion

The aetiology of Young’s syndrome is un-
known.!?!'2"2* Repeated studies have shown
sweat electrolyte concentrations to be nor-
mal.'* 1621242 We have confirmed the finding
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Figure 2 Pooled distribution histograms of ciliary angles

of deviation in normal subjects and in patients with

Young’s syndrome. The distributions were similar, but the

patients had slightly increased numbers of cilia with

deviations from the mean angle in the range of 40-90° and

the frequency of deviations of less than 10° was reduced by
9 0.

"ybLAdoo Ag pajoalold 1sanb Aq gzoz ‘2T Ae|N uo jwod wg xeioyy/:dny woly papeojumoqd ‘266T YoIeN T Uo #8T S /¥’ XYy9ETT 0T Se payslignd 1sii :xeloy ]


http://thorax.bmj.com/

Mucociliary function, ciliary ultrastructure, and ciliary orientation in Young’s syndrome

that mucociliary clearance may be impaired but
with normal ciliary beat frequency and internal
ciliary ultrastructure.'' There was no evidence
of reduced numbers of inner dynein arms or an
increased incidence of microtubule defects as
shown in case reports.”'®* The increased
incidence of compound cilia and the occurrence
of microtubule defects that we found confirm a
previous report,'® although these defects are
unlikely to be a primary defect as they occur in
normal subjects and as non-specific defects
after respiratory tract infection.”!

Abnormal ciliary orientation has been des-
cribed previously in Young’s syndrome but has
not been quantified.”? Ciliary deviation in our
group of patients was significantly greater than
that in normal subjects but was not as great as
that seen in primary ciliary dyskinesia.!” Ciliary
disorientation may be the only defect in
patients with recurrent respiratory disease.”
This finding of moderate ciliary disorientation
could offer a possible explanation for the
reduced mucociliary clearance found in
Young’s syndrome. It is possible that the
twisting of the cilia may be a manifestation of a
subtle structural microtubule defect not detec-
table by electron microscopy. The inconsis-
tency of this finding suggests, however, that this
is probably an epiphenomenon and more likely
to be a secondary effect of recurrent respiratory
tract infection than a primary cause of the
respiratory tract disease.

Young’s syndrome has been proposed as
being a forme fruste of cystic fibrosis that
results in abnormal respiratory mucus and
inspissated seminal secretions. Although
Young’s syndrome is probably not a variant of
cystic fibrosis, because sweat electrolyte con-
centrations are normal, the pancreas is not
affected, and the clinical picture and genital
dysfunction are different, the rheological
properties of mucus may be abnormal in
Young’s syndrome. Lopez-Vidriero ez al
reported the viscoelastic properties of mucus in
Young’s syndrome and considered them con-
sistent with a “chronic hypersecretory
defect.””® The finding of ciliary disorientation
only at the tips of cilia in our group of patients
might be consistent with this suggestion of
abnormal mucus. Viscid secretions may cause
cilia to beat inconsistently or become trapped
in the mucus layer, resulting in twisting of the
distal parts of the ciliary axoneme. A mucus
defect of varying severity might explain the
variable occurrence of ciliary disorientation in
Young’s syndrome. A trial of “mucoregulatory
agents’’ in Young’s syndrome showed no effect
on mucociliary clearance, sperm counts, or
pulmonary function.**

We have found more variable orientation of
the distal ciliary axoneme in patients with
Young’s syndrome than in normal subjects.
Though this might be due to a subtle structural
defect, it could also be a consequence of
abnormal mucus.
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of Australia, and the Clive and Vera Ramaciotti Foundation.
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