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Background and Description of Invention. Autosomal Dominant Polycystic Kidney Disease (ADPKD) 

is the most common monogenic disorder affecting the kidney, with an estimated prevalence of individuals 

affected at birth of 1:500 to 1:1000, uniformly distributed for sex, ethnic group and geographical areas.  

ADPKD is a chronic progressive disease, characterized by bilateral renal cyst formation. Cysts grow 

progressively over time. The gradual expansion of cysts compresses and eventually replaces the normal 

tissue, causing end-stage renal disease in a majority of affected individuals.  

The disease is due to loss-of function mutations in two genes: PKD1 which is mutated in 85% of cases 

and PKD2 in the remaining 15%. The crucial goal of correcting the gene defect seems still far away. The 

ideal therapeutic compound in ADPKD should effectively block both abnormal cysts growth and fluid 

secretion into the cysts. Thus, therapeutic interventions targeting cyst expansion are currently being 

tested in multiple clinical trials to delay renal disease progression. Among all of these opportunities for 

therapy, the use of a vasopressin receptor antagonist, Tolvaptan, is as of today the only one that resulted 

in an effective amelioration of disease progression in patients and the only molecule that has been 

accepted as a therapy for ADPKD (in Japan, Canada and U.K.) 

 

Herein, using a metabolomic approach, the inventors identified a new pathogenic ADPKD pathway 

involving defective glucose metabolism and showed that inhibition of glycolysis using glucose analogs 

ameliorates PKD in preclinical models and might thus represent a novel therapeutic strategy in ADPKD. 

Specifically, inventors showed that mutation in PKD1 results in enhanced glycolysis in cells from a murine 

model of PKD and from patients-derived ADPKD kidney. Glucose deprivation reduced proliferation and 

sensitized PKD1 mutant cells to apoptosis. Inventors were able to ameliorate proliferation rate and cystic 

kidney volume by treating a PKD mouse model with 2-deoxyglucose (2DG) (Figure 1) (Rowe I. et al., 

Defective glucose metabolism in polycystic kidney disease identifies a new therapeutic strategy. Nat Med 

2013). 
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D Figure 1. Treatment with 2DG ameliorates 

cystic kidney disease in PKD mouse models. 

(A) Representative images of kidneys treated 

daily with 500mg/Kg 2DG or vehicle (NaCl). (B) 

Ratio of kidney weight to total body weight in 

control noncystic mice and PKD littermates 

after treatment with 2DG or NaCl. (C) Ki67 

assay showing the proliferation index of cysts 

from PKD mice after treatment with 2DG or 

NaCl. (D) Cystic index in kidneys from PKD 

mice treated with 2DG (gray) or NaCl (white) 

showing a significantly smaller number of cysts 

in the 2DG-treated mice. 
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Potential Applications and Competitive Advantages. It should be noted that the therapy in ADPKD might 

require to be continued for several years because this is a slowly progressing chronic disease. Therefore, a 

favorable safety/toxicity profile and lack of side effects would be extremely important. Inventors highlight the 

following advantages for the proposed approach:  

• It should be well tolerated in humans  

• It should be active in cystic liver and pancreas, as well 

• The drug appears to cause apoptosis specifically in cells lacking the PKD1 gene. Inducing apoptosis in cells 

that have acquired a second mutation in the kidney, might allow to eliminate the cells that give rise to cysts 

without further need to slow down their progression 

• Several of the compounds inhibiting the cascade at different levels might be used at low doses and in 

combination  

Stage of Development.  

• Inventors have completed the analysis of the effect of low doses of 2DG administration in both the medium-

term and the long-term animal models of PKD, showing that the progression of disease in these animal models 

is greatly retarded (Chiaravalli et al., 2-Deoxy-d-Glucose Ameliorates PKD Progression. J Am Soc Nephrol. 

2016; Magistroni and Boletta, Defective glycolysis and the use of 2-deoxy-D-glucose in polycystic kidney 

disease: from animal models to humans. J Nephrol. 2017) 

• Inventors have performed a comparative analysis between 2DG and Tolvaptan in the long-term animal 

models. The numbers are low and we would need to extend the numerosity of animals treated with Tolvaptan, 

but the results as they stand are extremely interesting: it appears that 2DG works at least as well as Tolvaptan 

in retarding disease progression. Considering the use of a very high dose of Tolvaptan and a very low dose of 

2DG, the data seem very promising, suggesting that 2DG would be more usable in humans than Tolvaptan 

• Inventors have recently been awarded a grant from the Italian Ministry of Health that will allow us to perform 

the first study of 2DG safety in ADPKD patients 

 

We seek a potential commercial partner interested in developing new and innovative therapeutic agents 

for the treatment of genetically modified diseases, with a major focus on end-stage renal disease and/or  

chronic kidney disease. 

Inventors also found that these metabolic alterations depend on the ERK pathway acting in a dual manner by 

inhibiting the LKB1-AMPK pathway on the one side and activating the mTORC1-glycolytic cascade on the 

other. Enhanced metabolic rates further inhibit AMPK. Therefore, forcing activation of AMPK acts in a negative 

feedback loop restoring normal ERK activity.  

These data are consistent with the positive effect of other compounds (metformin, rapamycin, ERKs inhibitors) 

already known to effectively ameliorate cystic kidney diseases in animal models that would be effective 

because of their activity on glycolysis. 

These findings provide a strong rationale for a new therapeutic and well tolerated approach for Polycystic 

Kidney (and possibly liver) Disease using glucose analogues, such as 2DG, either individually or in 

combination with other drugs interfering with glycolysis process (Rowe I. and Boletta A. Defective metabolism 

in polycystic kidney disease: potential for therapy and open questions. Nephrol Dial Transplant. 2014) 

 

Patent information. The international patent application was published as WO2014006093. Patent application 

pending in Europe and US. 


