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PROJECT SUMMARY 

Patients with chronic kidney disease (CKD) suffer from the formation of bone-like deposits in 
blood vessels ('vascular calcification'). Imbalance in regulation of the mineral phosphate, which 
occurs in kidney disease, may be central to this process, leading to a so-called 'mineral bone 
disorder'. Elevated blood phosphate levels are associated with increased mortality. The discovery 
of fibroblast growth factor- 23 (FGF23) and its co-receptor klotho, have highlighted a possible 
mechanism by which the body can regulate mineral metabolism and phosphate handling. As with 
elevated phosphate, high FGF23 levels are also associated with both mortality and increased 
cardiovascular disease. However, it is still not known if one causes the other. 

A key role of FGF23 is to induce phosphate excretion and klotho is an essential co-receptor in 
this process. This research project set out to examine the relationships between FGF23, klotho 
and phosphate excretion by studying these parameters in several groups of individuals, including 
patients undergoing kidney surgery, where a small section of kidney tissue was available for 
study together with blood and urine samples. We also studied other individuals such as those 
with normal kidney function, including living kidney donors, and patients with CKD and kidney 
transplant recipients, and assessed different parameters of phosphate metabolism. This study 
has improved our understanding of urinary phosphate excretion and the relationships with FGF23 
and klotho involved in this process, especially at early stages of kidney dysfunction. This may, in 
turn, lead to further insight into possible mechanisms involved in improving phosphate balance to 
reduce the cardiovascular disease burden associated with ongoing kidney disease. 

 

PROJECT AIMS / OBJECTIVES 

Aims of this project included: 



 

1. To assess the associations between urinary phosphate excretion, intact FGF23 and c-terminal 
FGF23 levels, soluble klotho and membrane-bound klotho/FGF-Receptor in both patients with 
normal kidney function and CKD. 

Specific Experimental and Clinical Objectives included: 

a. To (i) characterise expression of membrane-bound klotho in human kidney tissue and (ii) 
determine if it is co-localised with expression of the FGF receptor. 

b: To (i) quantitatively determine klotho mRNA expression in human kidney tissue (RT-PCR) and 
(ii) determine if it is associated with plasma and urine soluble klotho 

c: To (i) test for an association between intact and c-terminal FGF23 levels, and urinary 
phosphate excretion and (ii) determine if membrane-bound klotho impacts on this association. 

d: To establish klotho as an obligate co-receptor in FGF23 signalling in cultured human kidney 
cells. 

e: To study the change in serum FGF23 and klotho levels in living kidney donors and renal 
transplant recipients. 

2. To test the variability of soluble klotho levels and the impact of exercise on this parameter. 

(See next section for summary of results) 

 

SIGNIFICANCE AND OUTCOMES 

Outcomes of clinical and experimental studies were summarised together with 
studies/methodologies above. 

Significance: 

Taken together, the outcomes from the above studies suggest soluble klotho is proportional to 
kidney mass/function, and is also affected directly in response to change in kidney mass either 
from 

kidney transplantation or due to kidney donation (via a donor nephrectomy). Although the benefits 
of higher soluble Klotho levels were not directly examined in this project, others have reported on 
survival advantages associated with higher soluble Klotho levels. 

In the final pilot study of healthy volunteers, we were able to establish that soluble Klotho levels 
can increase, albeit transiently, in response to physical activity. This requires further investigation 
with longer duration of physical activity and in disease populations (eg CKD) in order to determine 
the overall benefit of such programs in those with kidney disease. We would hope to improve 
overall survival outcomes in those with kidney disease by increasing soluble Klotho levels with 
such lifestyle modifications. 
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