The diagnosis of primary ciliary dyskinesia (PCD) using transmission electron microscopy.
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In April 2006 three centres based at University Hospitals of Leicester, Royal Brompton Hospital, London and Southampton University Hospital were awarded funding from the national commissioning group (NCG) to provide a national diagnostic service for Primary Ciliary Dyskinesia (PCD). PCD is an inherited group of heterogeneous disorders characterised by motile cilia dysfunction. Through years of research the diagnostic techniques used to identify PCD in humans have become refined to the examination of family history, cilia beat frequency, beat pattern and the ultra-structural arrangement as observed by transmission electron microscopy (TEM). Together these methods allow accurate determination of PCD with the final diagnosis usually given by the electron microscopy structural examination of the cilia. In a few cases patients show symptoms of PCD with abnormal screening results and unusual cilia movement but with normal electron microscopy ultra-structure. Due to this an accurate diagnosis cannot be achieved giving way to difficult to diagnose subjects. This is a problem internationally in PCD centres with difficult case subjects making up ~15% of cases. Therefore a new diagnostic approach which is more sensitive than conventional electron microscopy is required to detect structural defects in cilia. 

We have employed electron tomography, a method which enables the 3D reconstruction of the ciliary ultrastructure to visualise defects which cannot be easily identified using traditional EM. By comparing defective and normal healthy cilia we have begun to investigate how structures relate to one another in 3D within the axonemal arrangement.

From our studies we have found that electron tomography makes a good progression in the detection of difficult to visualise structural defects in human cilia and may be a useful tool for improving understanding of known PCD defects as well as in the diagnosis of difficult cases of PCD.
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