Lowe syndrome and Dent disease: two ends of a spectrum

The discovery of a common genetic basis for two apparently different conditions, Lowe syndrome and Dent disease, has blurred the distinction between these two diagnoses. This leaflet describes the two diseases and tries to explain the differences and commonalities.

Lowe syndrome: In medical language, a syndrome is a combination of symptoms, which occur together and thus presumably have a common origin. In 1952, Dr Charles Lowe, a paediatrician in Boston, together with colleagues first described three boys with a combination of specific kidney, eye and brain symptoms, which we now call Lowe or oculo-cerebro-renal syndrome, which denotes the medical terms for eye, brain and kidney, respectively. The boys described by Lowe were all noted in infancy to have cataracts (a clouding of the lens in the eye), glaucoma (increased pressure in the eye), decreased intelligence and a loss of certain substances in the urine, that led to the development of rickets and an excess of acid in the blood. As more patients with this constellation of symptoms were identified it was recognised that it occurred in families and thus was likely due to a genetic problem. Moreover, all affected were male, whereas women apparently could pass on the genetic problem, but were not obviously affected by the disease, suggesting that the genetic problem was located on the X-chromosome (women have two X-chromosomes, so a mistake in one of them can often be compensated for by the other one, whereas men have an X and a Y-chromosome. Since the Y-chromosome carries a different set of genes, it cannot compensate for mistakes on the X-chromosome). In 1992, the gene underlying Lowe syndrome was identified and was called OCRL (for Oculo-Cerebro-Renal syndrome of Lowe). This made an accurate diagnosis feasible in boys suspected of having the disease by looking for mutations (mistakes) in the gene. Careful observation of affected boys revealed that there was a spectrum of severity of symptoms: some had severe eye manifestations, noted straight away at birth that required multiple surgical interventions yet still could lead to blindness; others had only mild abnormalities detected later in life on specific testing. Similarly, some boys have severe mental retardation, whereas others have borderline or normal intelligence. Aggressive behaviour and temper tantrums are noted frequently in patients with Lowe syndrome, but appear to be absent or only mild in some. With respect to the kidney, some boys have severe wasting of substances, such as calcium, phosphate, bicarbonate, amino acids and small proteins, that untreated lead to severe rickets and an excess of acid in the blood (the medical term for which is acidosis), whereas others exhibit wasting only of calcium and small proteins and do not require treatment. Some show deposition of calcium in the kidney on an ultrasound scan, or even stones, whereas others have normal appearing kidneys. Moreover, some patients show a progressive decline in the amount of blood processed by the kidney (Glomerular Filtration Rate or GFR), whilst in others this remains stable until well in adulthood. The reasons for the variability are unclear.

Dent disease: In 1964, Dr Dent and a colleague in London described two men affected by rickets in childhood associated with wasting of phosphate, calcium, amino acids and small proteins. In addition, they had a decreased GFR (see above). Interestingly, one of the two men described also had decreased intelligence. With time more descriptions of patients affected by similar symptoms emerged, many of them developing kidney stones and renal failure. As in Lowe syndrome, the disease affected exclusively males, occurred in families and could be passed on by women, who showed no obvious symptoms. In 1996, it was shown that mutations in a gene on the X-chromosome called CLCN5 could cause Dent disease. However, it was also noted that in about a third of patients with the clinical diagnosis of Dent disease no mutation in this gene could be found, suggesting that other genes could also cause Dent disease. In 2005, careful studies in one large family showed that all affected men had a mutation in OCRL, the gene associated with Lowe syndrome. Mutations in OCRL were then also found in some other patients with Dent disease. These patients are now often referred to as having Dent2 disease to distinguish them from patients with mutations in CLCN5 (Dent1 disease). 

Lowe syndrome and Dent disease: two ends of a spectrum

The surprising finding of OCRL mutations in some patients with Dent disease has prompted the question, of how mutations in one gene, OCRL, can cause two apparently distinct diseases: Lowe syndrome in some, Dent disease in others. Clinical observations, however, suggest that the two diseases may be closer to each other than originally thought: several of Dent2 patients have reduced or borderline intelligence, and, in fact, this had already been noticed by Dr Dent in one of his original two patients. Nevertheless, other patients with Dent2 disease have normal or even above average intelligence. When looking at large cohorts of patients with Dent1, Dent2 or Lowe syndrome, it was noted that average growth is more compromised in Dent2 patients than those with Dent1, but less than in Lowe syndrome (Note: individual Dent2 patients can have perfectly normal growth, but the average of all Dent2 patients is less than normal). Both Dent2 and Lowe patients typically show elevated levels of certain muscle proteins in their blood, suggesting that muscle may also be mildly affected in both diseases. Considering also the variability of severity of symptoms in Lowe syndrome (see above), it becomes apparent that there is no clear distinction between Dent2 disease and Lowe syndrome. Whereas Dent1 disease only affects the kidney, the spectrum of symptoms in Dent2 disease can range from apparent exclusive kidney manifestations to involvement of other organs, notably brain and muscle in overlap with Lowe syndrome. Thus, the distinction between the two diagnoses rests mostly on the presence of eye abnormalities. When considering that this can occasionally be quite mild in Lowe syndrome, the distinction becomes somewhat arbitrary in those patients. 

Nevertheless, in most patients with OCRL mutations the clinical diagnosis is clear: those boys with the typical eye, brain and kidney abnormalities are diagnosed with Lowe syndrome, whilst those with (almost) exclusive kidney problems have Dent2 disease. Yet, we do recognise that there is a fluid border between the two diagnoses. Perhaps this can actually help to identify treatments for Lowe syndrome: if we could find out why some patients seem to have only kidney problems with OCRL mutations and not the full spectrum of Lowe disease, this might provide clues for the treatment of symptoms in eye and brain.

