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Diabetic nephropathy is a severe complication of both type 1 and type 2 diabetes. In this 

thesis, several aspects of diabetic kidney disease relating histopathology, genetics and 

carnosine metabolism, were investigated. 

In chapter 2 we developed a histopathologic classification scheme for diabetic 

nephropathy in type 1 and type 2 diabetes. The classification system is based on 

glomerular lesions, consisting of four classes and reflecting the natural course of diabetic 

nephropathy. Class I “Glomerular Basement Membrane Thickening (GBM)” consists 

of isolated glomerular basement membrane thickening and only mild, non-specific 

changes by light microscopy that do not meet the criteria of classes II through IV. Class 

II “Mesangial expansion, mild or severe” is characterized by glomeruli with mild or 

severe mesangial expansion but without nodular sclerosis (Kimmelstiel-Wilson lesions) 

or global glomerulosclerosis in more than 50% of glomeruli. A biopsy is classified in 

class III “Nodular sclerosis (Kimmelstiel-Wilson lesions)” if at least one glomerulus 

with nodular sclerotic lesion (Kimmelstiel-Wilson lesion) is present without changes as 

described in class IV. Class IV “Advanced diabetic glomerulosclerosis” is characterized by 

more than 50% global glomerulosclerosis with clinical or pathological evidence that the 

sclerosis is attributable to diabetic nephropathy. We chose a classification scheme based 

on glomerular lesions because these seem to reflect the natural cause of progressive 

diabetic nephropathy (1). Furthermore, glomerular lesions are easy to recognize, which 

is also reflected in the good interobserver agreement of this classification scheme. 

Interstitial lesions also contribute to the decline in renal function in diabetic 

nephropathy, and may be independent factors in the progression of diabetic nephropathy 

(2). Many studies have shown that the severity of chronic interstitial and glomerular 

lesions are closely associated (3-6). In our classification scheme a separate evaluation 

was developed for interstitial and vascular lesions.

A classification system for histopathological lesions in diabetic nephropathy that 

can be used in both type 1 and type 2 diabetes was proposed, as it is now generally 

recognized that there is substantial overlap between these two types with respect 

to histological lesions and renal complications (2;6). Various studies report that the 

proportion of non-diabetic nephropathies is higher in type 2 diabetic nephropathy 

(7;8). However, studies which investigated protocol biopsies, did not show such a high 

proportion of other kidney diseases. Most likely this is due to the fact that in some 

clinical practices, there is a policy only to perform a renal biopsy to exclude causes of 

renal disease characterized by proteinuria other than diabetic nephropathy, therefore 
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selecting for a high proportion of other kidney diseases. The classification system 

proposed in chapter 2 is meant for diabetic nephropathy only, but it can also serve to 

classify diabetic nephropathy when it is complicated by a superimposed other disease. 

An important question for every histological classification system is whether it is 

predictive of clinical outcome. The classification scheme proposed in chapter 2 can be 

used to evaluate protocol biopsies. It would be an interesting undertaking to set up 

a prospective study, preferably including protocol biopsies of patients with both type 

1 and type 2 diabetes, with clearly defined clinical endpoints. Archived renal biopsies 

with diabetic nephropathy performed for many different clinical indications, at many 

different time points during the course of the disease and clinical follow-up, were not 

always readily available. With the increasing demand for classifying the severity of 

diabetic nephropathy, we advocate a study with protocolized biopsies as previously 

mentioned. Furthermore, the reproducibility of the classification scheme should be 

thoroughly investigated, to clarify if it is indeed suitable for clinical practice. 

Chapter 3 is focused on the genetic component of diabetic kidney disease. Many 

genes have been investigated in diabetic nephropathy, but it is unclear which genetic 

variants are reproducibly associated with diabetic nephropathy. For this study, all 

genetic variants which were associated with diabetic nephropathy and replicated in 

an independent dataset were selected from the literature. All subsequent studies of 

these reproduced variants were sought and were combined in a random-effects meta-

analysis. In this study, we found a set of 21 genetic variants which were associated 

with advanced diabetic nephropathy. Three additional variants were associated in 

specific subgroups; type of diabetes, stage of diabetic nephropathy and ethnic group. 

Variants in or near ACE, AKR1B1 (2 variants), APOC1, APOE, EPO, NOS3 (2 variants), 

HSPG2, VEGFA, FRMD3 (2 variants), CARS (2 variants), UNC13B, ‘CPVL and CHN2’, 

and GREM1 (as well as four variants not near to known genes) were associated with 

diabetic nephropathy and CCR5 (Asians), ELMO1 (Asians) and CNDP1 (type 2 diabetes) 

in a subgroup. These results support roles for angiotensin converting enzyme, aldose 

reductase, apolipoproteins C1 and E, oxidative stress with carnosine, nitric oxide and 

engulfment and cell motility protein 1 as possible key players. Furthermore, it suggests a 

role for inflammation with a key role for chemokine receptor 5, angiogenesis with a role 

for vascular endothelial growth factor and erythropoietin, glomerular filtration barrier 

defects in heparan sulphate proteoglycans, apoptosis through unc-13 homolog B and 

cell growth and differentiation mediated by gremlin 1 in the pathogenesis of diabetic 
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nephropathy. Functional studies remain to be performed to establish the precise role of 

these variants and pathways. Genetic variants initially identified using a genome-wide 

association approach in and near the FRMD3, CARS, ELMO1 and ‘CPVL and CHN2’ 

were detected. Despite their value in locating the vicinity of genomic variants that may 

be causing diabetic nephropathy, these variants are unlikely to be causative variants 

themselves (9). A first step in narrowing a genome wide signal to potentially causative 

variants is to study all the known SNPs which are inherited with the SNP found in the 

genome wide association scan and investigate if one of these variants has a stronger 

association with diabetic nephropathy. The functional effect of this variant can then 

be studied. However, the association can also be explained by rare variants and then 

extensive sequencing is indicated.

It should also be acknowledged that by selecting only genetic variants that were 

associated with diabetic nephropathy and where independent replication was available, 

genetic variants with smaller effect sizes may have been missed. An effect that may 

have proven significant using pooled analyses. However, by selecting only those genetic 

variants reproducibly associated with diabetic nephropathy, we reduced the chances of 

describing false positive associations. 

Furthermore, diabetic nephropathy can be prevented or at least delayed by early 

treatment with angiotensin converting enzyme inhibitors and angiotensin receptor 

blockers (10). This might result in diabetes patients who are genetically susceptible to 

diabetic nephropathy but now enter the control group due to successful treatment. This 

leads to an underestimation of the estimated effect of the genetic variant in relation to 

diabetic nephropathy. 

Chapters 4, 5 and, 6 are focused on one genetic variant associated with diabetic 

nephropathy, the CNDP1 gene. Janssen et al. (11) found that the 5-5 homozygous 

genotype of the CNDP1 gene is associated with a reduced risk of developing diabetic 

nephropathy. This finding was confirmed in a large study conducted by Freedman et al. 

in European American patients and end-stage diabetic nephropathy (12). The presence 

of more than 5 leucine repeats has been shown to lead to higher serum carnosinase 

secretion (13) and more serum carnosinase activity (11). Serum carnosinase degrades 

carnosine. Carnosine has been shown to delay senescence in cultured human fibroblasts 

and temporarily reverse the senescence phenotype (14;15). Carnosine is further known 

to scavenge reactive oxygen species, degrade advanced glycation end products (AGE) 

(16), inhibit angiotensin converting enzyme (ACE) (17), and reduce the TGF-β induced 
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synthesis of extracellular matrix components (11). All these properties have protective 

effects in a diabetic environment.

Chapter 4 reports the 5-5 homozygous CNDP1 genotype frequency in three ethnic 

groups in the Netherlands; South Asian Surinamese, African Surinamese and White 

Dutch. We found that the frequency of the protective genotype for diabetic nephropathy, 

5-5 homozygous genotype, was significantly lower in South Asian Surinamese compared 

to white Dutch and African Surinamese. This finding was confirmed in an independent 

South Asian Surinamese sample. This low frequency of the 5-5 homozygous genotype 

found in South Asian Surinamese is likely to be associated with the higher occurrence 

of diabetic nephropathy in South Asian populations (18-20). This is further supported 

by the finding that carnosinase activity increases with the amount of leucine repeats 

among South Asian Surinamese, similar to Caucasians (11). Finally we showed that 

carnosinase was expressed in kidney, supporting a role for carnosine in the kidney. 

Although a direct link between the CNDP1 gene and diabetic nephropathy still needs 

to be assessed, this study suggests that the high diabetic nephropathy occurrence in 

South Asian Surinamese can be partially attributed to the lower frequency of the 5-5 

homozygous genotype in this population. 

In chapter 5, we showed a sex-specific effect of the CNDP1 genotype in relation to 

diabetic nephropathy, suggesting that the 5-5 homozygous genotype is only protective 

in women. The frequency of the 5-5 homozygous genotype was determined in three 

independent diabetic nephropathy groups. These groups were compared with two 

control groups; diabetes patients with a low risk of ever developing diabetic nephropathy 

and a sample from the general population. The former diabetic control group is generally 

used in the literature, and investigates the relevance of the gene to disease etiology. 

Compared with this diabetic control group, the 5-5 homozygous genotype frequency 

was significantly lower in women with diabetic nephropathy in all three cohorts, but 

not in men. The population control group serves to estimate the genotype risk for the 

population, showing that women with the 5-5 homozygous genotype have a 2-fold 

reduced risk of ever developing diabetic nephropathy. Furthermore, this study reports 

similar frequencies in type 2 diabetes patients and the general population, showing 

that this association is independent of a genetic susceptibility for type 2 diabetes. 

Although the mechanism behind the sex-specificity still needs to be elucidated, this 

study indicates that the association between the CNDP1 gene and diabetic nephropathy 

is gender specific. 
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Carnosine is protective against oxidative stress and hemodynamic damage and this is not 

confined to diabetic nephropathy. In chapter 6 the relation between other glomerular 

diseases and the CNDP1 gene was investigated. Our results suggest that a higher number 

of leucine repeats in the CNDP1 genotype is associated with a faster progression to 

end stage renal disease in patients with reduced kidney function arising from chronic 

glomerular inflammatory renal diseases and in patients with renal vascular disease. In 

line with these results, the mortality risk was increased in chronic glomerulonephritis 

patients with a higher repeat number, which was also associated with higher serum 

carnosinase levels. Our data show a correlation between the leucine repeat distribution 

of the CNDP1 gene and renal vascular disease; however, there was no relationship 

with survival. As predicted, patients who developed end stage renal disease because 

of either polycystic kidney disease or tubulointerstitial nephritis had a CNDP1 genotype 

distribution similar to that of healthy controls. These findings support the hypothesis 

that the high leucine repeat number in CNDP1 may contribute to microvascular damage. 

Although this finding has to be replicated in an independent cohort, this study suggests 

that there is also a role for carnosine in other glomerular diseases. 

In chapter 7 we investigated determinants of muscular carnosine levels. As high 

carnosine levels are thought to be advantageous, it is important to understand the 

underlying factors. We studied the relation between muscular carnosine levels and 

serum carnosinase activity, CNDP1 genotype, age, vegetarian diet and muscle fiber type. 

Serum carnosinase activity did reduce the carnosine content, but possibly due to the 

small number of investigated subjects no relation was shown with the CNDP1 genotype. 

Carnosine content was found to decline with age, which could not be explained by the 

age-related increase in carnosinase activity. Meat-restriction for 8 weeks had no effect 

on carnosine levels, but in (long-term) vegetarians lower muscular carnosine levels were 

observed. There was no linear relationship with muscular fiber type and carnosine levels. 

In addition, the relation with gender in the carnosine metabolism was studied. 

Women showed higher carnosinase activity than men and men had higher carnosine 

levels. This is in line with the idea that from an evolutionary point of view carnosine 

levels are more beneficial to men. This can be explained by the greater muscular activity 

needed for males to hunt for food, since carnosine is a buffer for the substances derived 

from lactic acid that are produced under anaerobic conditions. However, no relation 

between testosterone and carnosine was found in this study.
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future PersPectiVes

The relation between diabetic nephropathy due to type 2 diabetes and the leucine 

repeat in exon 2 of the CNDP1 gene seems to be established. Interesting would be 

to speculate on what this finding can eventually mean for the diabetic nephropathy 

patient. The possible relevance of the CNDP1 genotype in diabetic nephropathy can be 

roughly divided in two groups; genotypic screening for diabetes patients to be able to 

predict the risk of developing diabetic nephropathy and novel biological insight in the 

etiology and pathogenesis of diabetic nephropathy, potentially leading to new therapies 

(21). 

For screening of individuals with an increased risk of disease, the measurement of 

area under the curve (AUC) of the receiver operating characteristic curve (ROC) is often 

used. An AUC of 1 is perfect prediction and an AUC of 0.5 is similar to tossing a coin, 

and therefore not predictive. It has been suggested that an AUC above 0.75 can be 

considered of predictive value. For pre-symptomatic diagnosis of the general population 

the AUC should be > 0.99 (22). The CNDP1 genotype could be used in a genotypic risk 

score, together with other associated variants related to diabetic nephropathy due to 

type 2 diabetes. In diabetic nephropathy no such genotypic scores have been tested 

in contrast to screening for type 2 diabetes. In type 2 diabetes, 18 genetic variants 

have been established and these genetic variants when combined have shown to reach 

an AUC of 0.6 in predicting type 2 diabetes onset. This is low when compared to 

traditional risk factors as only BMI, age and gender which have shown to have an AUC 

of 0.78 and risk scores, such as the QDS score (a scoring algorithm based on traditional 

risk factors without the need for laboratory tests) reaches an AUC of 0.85 in predicting 

type 2 diabetes onset (23). In a different study, the addition of genetic risk factors to 

clinical risk showed only a slight increase of the AUC (from 0.74 to 0.75), which seems 

to increase with duration of follow up (24). This indicates that genetic personalized 

medicine in type 2 diabetes will not easily be achievable in the near future. However, in 

diabetic nephropathy this still needs to be investigated. 

Novel biological insight can, in the most fortunate case, lead to new therapeutic 

targets. The association between diabetic nephropathy and CNDP1 (carnosinase) 

gene, would suggest a role for this enzyme and its substrate (carnosine) in diabetic 

nephropathy. It was shown that the genotype leading to the lowest carnosinase activity, 

leaving more carnosine, was associated with a reduced risk of diabetic nephropathy. 
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This suggests that a possible new therapeutic target for diabetic nephropathy would 

be increasing carnosine level in diabetes patients. This could be done by supplementing 

carnosine, reducing the degradation of carnosine by inhibiting carnosinase, or increasing 

carnosine production by carnosine synthase. 

Supplementing carnosine would be an interesting treatment for patients with 

diabetic nephropathy. Carnosine has been known for its many protective capacities in 

a diabetic environment and is well tolerated. Carnosine and related compounds have 

already been used as therapies for cataract (25;26) and gastric ulcers (27). In diabetic 

mice treated with angiotensin converting enzyme inhibitors, adding carnosine to the 

diet led to a significant reduction in proteinuria compared to diabetic mice treated with 

only angiotensin converting enzyme inhibitors (28). In humans, carnosine seems to be 

hydrolyzed within 2 hours after carnosine is absorbed by the intestine and enters the 

bloodstream (29). However, when Parkinson patients were treated with carnosine in 

addition to dopamine (L-dopa), they had a decreased level of protein carbonyls in their 

blood plasma and increased levels of red cell superoxide dismutase compared to patients 

treated with only dopamine (L-dopa) (30). This suggests that supplementation with 

carnosine has a biochemical effect after oral intake even though carnosine is hydrolyzed 

quickly in serum. This means that carnosine supplementation could theoretically also be 

of therapeutic value in diabetic nephropathy. 

An inhibitor of carnosinase activity is homocarnosine (31). In the literature, no studies 

have been performed in which patients were treated with homocarnosine. Although 

we would expect that homocarnosine treatment could reduce the serum degradation 

of carnosine, high concentrations of homocarnosine might lead to high concentrations 

of its degradation products gamma-aminobutyric acid (GABA) and histidine. Histidine 

can be easily converted into histamine and the impact on autonomic nerve activity 

would be unpredictable. It might result in further progression of renal insufficiency, 

since progressive renal disease has been shown to be associated with increased nerve 

activity (31). Future studies could also be focused on the regulation of the carnosinase 

gene, finding substances which downregulate the expression of CNDP1.  

Recently the gene coding for carnosine synthase has been identified as a ATP-

grasp domain containing protein 1 (ATPGD1) (32). The identification of this gene is an 

essential step in the understanding of carnosine production. It would for example be 

interesting to investigate in which organs this gene is expressed, and especially if it is 

expressed in the kidney; if so, in which cells of the kidney. Furthermore, the creation 
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of knockout mice or mice in which carnosine synthase is overexpressed, could help 

define the role of carnosine as a buffer, antioxidant, antiglycator and neurotransmitter, 

of which evidence now mostly comes from in vitro studies. It would be interesting 

to investigate whether overexpressing carnosine synthase in a diabetic kidney disease 

model, would lead to a milder phenotype of diabetic nephropathy. Finally, it would be 

interesting to investigate which substances upregulate carnosine synthase, leading to 

higher carnosine production and a possible therapeutic potential. 

Most simple and safe would be to investigate carnosine treatment in diabetic 

nephropathy, before considering other substances. However, before starting treatment 

with carnosine, it might be advisable to first understand more about the mechanisms 

of carnosine metabolism. In chapter 5 of this thesis, a sex-specific effect of the relation 

between diabetic nephropathy and the CNDP1 genotype was found. It would be 

interesting and important to understand the mechanism behind this sex-specific effect. 

A sex-specific effect has long been described in renal disease (33). In non diabetic 

progressive chronic kidney disease, female sex is thought to be protective. However, 

this advantage seems to be lost in diabetic nephropathy. The protective effect in non 

diabetic renal disease has been ascribed to the effect of estrogens (34). Female diabetes 

patients seem to have lower estrogens levels (35) and that may explain the loss of 

female protection in diabetic nephropathy. However, the relationship between sex and 

diabetic nephropathy seems to be more complicated. Several risk factors have been 

described to be involved in men while others are present in women (36-38). Of these 

risk factors, several genetic risk factors (37;39;40) have been documented to be either 

only involved in women or in men, but these findings have not yet been replicated. In 

this study, we detected an association in only women and could independently replicate 

this finding, providing evidence for a sex-specific component in the genetics of diabetic 

kidney disease. 

With an increasing number of leucine repeats (6 or 7 instead of 5) in exon 2 of 

the CNDP1 gene, carnosinase activity increases (11). The 5-5 homozygous genotype 

leads to lower carnosinase activity than that seen in the other genotypes (11), leaving 

more carnosine free to protect the kidney from oxidative stress. Since men have 

higher carnosine levels in their muscle tissue and women have slightly higher serum 

carnosinase levels (41), differences in carnosinase activity due to the different CNDP1 

polymorphisms may have a stronger impact in women. 
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Another explanation for the sex-specific effect found in this study is that the association 

between the CNDP1 gene and diabetic nephropathy is lost in men due to selective 

survival by cardiovascular disease. As carnosine has shown to be protective against 

oxidative stress and hemodynamic damage (11;16;42), this might also explain its role in 

cardiovascular death in diabetic nephropathy patients. Men with diabetic nephropathy 

due to type 2 diabetes have a higher risk for cardiovascular disease than female 

diabetic nephropathy patients due to type 2 diabetes (43), therefore this might be 

more prominent in men. In this thesis we found that men with a diabetes duration 

< 10 years and the 5-5 homozygous genotype have a significantly lower mortality 

risk due to cardiovascular disease than patients with more than 10 leucine repeats in 

the CNDP1 genotype. We found no difference in cardiovascular death between the 

different genotypes in women. This finding needs to be replicated, before drawing 

definite conclusions. 

The two hypotheses are clearly different. According to the first hypothesis, carnosine 

seems to be mainly beneficial in women and suggests that future research should 

only focus on investigating carnosine metabolism in female diabetic nephropathy 

patients. The second hypothesis suggests that carnosine might also be protective in 

macrovascular complications of diabetes and that the sex-specific effect is in fact due to 

different survival between the sexes. Therefore, it would be helpful to understand the 

mechanism behind this sex-specific effect for future therapeutic studies. 

In summary, the role for the CNDP1 genotype in the prediction for diabetic 

nephropathy due to type 2 diabetes is probably limited. On the other hand, the 

potential new additional treatment for type 2 diabetes patients with carnosine to either 

prevent or slow down the progression of diabetic nephropathy should be investigated. 

Furthermore, it is essential to understand the mechanism behind the sex-specific effect 

of the association between the CNDP1 genotype and diabetic nephropathy.  



8

162

reference list

 1.  Alsaad KO, Herzenberg AM (2007) Distinguishing diabetic nephropathy from other causes of 

glomerulosclerosis: an update. J Clin Pathol. 60: 18-26

 2.  White KE, Bilous RW (2000) Type 2 diabetic patients with nephropathy show structural-functional 

relationships that are similar to type 1 disease. J Am Soc Nephrol. 11: 1667-1673

 3.  Lane PH, Steffes MW, Fioretto P, Mauer SM (1993) Renal interstitial expansion in insulin-dependent 

diabetes mellitus. Kidney Int. 43: 661-667

 4.  Mauer SM, Steffes MW, Ellis EN, Sutherland DE, Brown DM, Goetz FC (1984) Structural-functional 

relationships in diabetic nephropathy. J Clin Invest. 74: 1143-1155

 5.  Osterby R, Gundersen HJ, Nyberg G, Aurell M (1987) Advanced diabetic glomerulopathy. 

Quantitative structural characterization of nonoccluded glomeruli. Diabetes. 36: 612-619

 6.  Osterby R, Gall MA, Schmitz A, Nielsen FS, Nyberg G, Parving HH (1993) Glomerular structure and 

function in proteinuric type 2 (non-insulin-dependent) diabetic patients. Diabetologia. 36: 1064-

1070

 7.  Gambara V, Mecca G, Remuzzi G, Bertani T (1993) Heterogeneous nature of renal lesions in type II 

diabetes. J Am Soc Nephrol. 3: 1458-1466

 8.  Parving HH, Gall MA, Skott P, et al (1992) Prevalence and causes of albuminuria in non-insulin-

dependent diabetic patients. Kidney Int. 41: 758-762

 9.  Manolio TA (2010) Genomewide association studies and assessment of the risk of disease.  

N.Engl.J.Med. 363: 166-176

 10.  Lewis EJ, Hunsicker LG, Bain RP, Rohde RD (1993) The effect of angiotensin-converting-enzyme 

inhibition on diabetic nephropathy. The Collaborative Study Group. N.Engl.J.Med. 329: 1456-1462

 11.  Janssen B, Hohenadel D, Brinkkoetter P, et al (2005) Carnosine as a Protective Factor in Diabetic 

Nephropathy: Association With a Leucine Repeat of the Carnosinase Gene CNDP1. Diabetes 54: 

2320-2327

 12.  Freedman BI, Hicks PJ, Sale MM, et al (2007) A leucine repeat in the carnosinase gene CNDP1 is 

associated with diabetic end-stage renal disease in European Americans. Nephrol.Dial.Transplant. 

22: 1131-1135

 13.  Riedl E, Koeppel H, Brinkkoetter P, et al (2007) A CTG polymorphism in the CNDP1 gene determines 

the secretion of serum carnosinase in Cos-7 transfected cells. Diabetes. 56: 2410-2413

 14.  McFarland GA, Holliday R (1994) Retardation of the senescence of cultured human diploid 

fibroblasts by carnosine. Exp.Cell Res. 212: 167-175

 15.  McFarland GA, Holliday R (1999) Further evidence for the rejuvenating effects of the dipeptide 

L-carnosine on cultured human diploid fibroblasts. Exp.Gerontol. 34: 35-45



8

163

 16.  Hobart LJ, Seibel I, Yeargans GS, Seidler NW (2004) Anti-crosslinking properties of carnosine: 

significance of histidine. Life Sci. 75: 1379-1389

 17.  Hou WC, Chen HJ, Lin YH (2003) Antioxidant peptides with Angiotensin converting enzyme 

inhibitory activities and applications for Angiotensin converting enzyme purification. J.Agric.Food 

Chem. 51: 1706-1709

 18.  Chandie Shaw PK, Vandenbroucke JP, Tjandra YI, et al (2002) Increased end-stage diabetic 

nephropathy in Indo-Asian immigrants living in the Netherlands. Diabetologia. 45: 337-341

 19.  Chandie Shaw PK, van Es LA, Paul LC, Rosendaal FR, Souverijn JH, Vandenbroucke JP (2003) Renal 

disease in relatives of Indo-Asian Type 2 diabetic patients with end-stage diabetic nephropathy.  

Diabetologia. 46: 618-624

 20.  Chandie Shaw PK, Baboe F, van Es LA, et al (2006) South-Asian Type 2 Diabetic Patients Have 

Higher Incidence and Faster Progression of Renal Disease Compared With Dutch-European Diabetic 

Patients. Diabetes Care 29: 1383-1385

 21.  McCarthy MI, Abecasis GR, Cardon LR, et al (2008) Genome-wide association studies for complex 

traits: consensus, uncertainty and challenges. Nat Rev Genet. 9: 356-369

 22.  Janssens AC, Moonesinghe R, Yang Q, Steyerberg EW, van Duijn CM, Khoury MJ (2007) The 

impact of genotype frequencies on the clinical validity of genomic profiling for predicting common 

chronic diseases. Genet Med. 9: 528-535

 23.  Hippisley-Cox J, Coupland C, Robson J, Sheikh A, Brindle P (2009) Predicting risk of type 2 diabetes 

in England and Wales: prospective derivation and validation of QDScore. BMJ. 338:b880. doi: 

10.1136/bmj.b880.: b880

 24.  Lyssenko V, Jonsson A, Almgren P, et al (2008) Clinical risk factors, DNA variants, and the 

development of type 2 diabetes. N Engl J Med. %20;359: 2220-2232

 25.  Babizhayev MA, Deyev AI, Yermakova VN, et al (2002) Efficacy of N-acetylcarnosine in the 

treatment of cataracts. Drugs R.D. 3: 87-103

 26.  Babizhayev MA, Micans P, Guiotto A, Kasus-Jacobi A (2009) N-acetylcarnosine lubricant eyedrops 

possess all-in-one universal antioxidant protective effects of L-carnosine in aqueous and lipid 

membrane environments, aldehyde scavenging, and transglycation activities inherent to cataracts: 

a clinical study of the new vision-saving drug N-acetylcarnosine eyedrop therapy in a database 

population of over 50,500 patients. Am.J.Ther. 16: 517-533

 27.  Matsukura T, Tanaka H (2000) Applicability of zinc complex of L-carnosine for medical use.  

Biochemistry (Mosc.). 65: 817-823

 28.  Koeppel H, Jeung H, Riedl E, et al (2008) Carnosine as a novel approach for prevention of diabetes 

induced complications in the rat model. J.Am.Soc.Nephrol. 19: 51A



8

164

 29.  Gardner ML, Illingworth KM, Kelleher J, Wood D (1991) Intestinal absorption of the intact peptide 

carnosine in man, and comparison with intestinal permeability to lactulose. J.Physiol. 439:411-22.: 

411-422

 30.  Boldyrev A, Fedorova T, Stepanova M, et al (2008) Carnosine [corrected] increases efficiency of 

DOPA therapy of Parkinson’s disease: a pilot study. Rejuvenation.Res. 11: 821-827

 31.  Peters V, Kebbewar M, Jansen EW, et al (2010) Relevance of allosteric conformations and 

homocarnosine concentration on carnosinase activity. Amino.Acids. 38: 1607-1615

 32.  Drozak J, Veiga-da-Cunha M, Vertommen D, Stroobant V, Van SE (2010) Molecular identification of 

carnosine synthase as ATP-grasp domain-containing protein 1 (ATPGD1). J.Biol.Chem. 285: 9346-

9356

 33.  Maric C (2009) Sex, diabetes and the kidney. Am J Physiol Renal Physiol. 296: F680-F688

 34.  Maric C, Sullivan S (2008) Estrogens and the diabetic kidney. Gend.Med. 5 Suppl A:S103-13.: 

S103-S113

 35.  Salonia A, Lanzi R, Scavini M, et al (2006) Sexual function and endocrine profile in fertile women 

with type 1 diabetes. Diabetes Care. 29: 312-316

 36.  Coonrod BA, Ellis D, Becker DJ, et al (1993) Predictors of microalbuminuria in individuals with 

IDDM. Pittsburgh Epidemiology of Diabetes Complications Study. Diabetes Care. 16: 1376-1383

 37.  Mlynarski WM, Placha GP, Wolkow PP, Bochenski JP, Warram JH, Krolewski AS (2005) Risk of 

diabetic nephropathy in type 1 diabetes is associated with functional polymorphisms in RANTES 

receptor gene (CCR5): a sex-specific effect. Diabetes. 54: 3331-3335

 38.  Rossing P, Tarnow L, Nielsen FS, Boelskifte S, Brenner BM, Parving HH (1995) Short stature and 

diabetic nephropathy. BMJ. 310: 296-297

 39.  Ihalmo P, Wessman M, Kaunisto MA, et al (2008) Association analysis of podocyte slit diaphragm 

genes as candidates for diabetic nephropathy. Diabetologia. 51: 86-90

 40.  Palomo-Pinon S, Gutierrez-Rodriguez ME, Diaz-Flores M, et al (2009) DD genotype of angiotensin-

converting enzyme in type 2 diabetes mellitus with renal disease in Mexican Mestizos. Nephrology 

(Carlton.). 14: 235-239

 41.  Bando K, Shimotsuji T, Toyoshima H, Hayashi C, Miyai K (1984) Fluorometric assay of human serum 

carnosinase activity in normal children, adults and patients with myopathy. Ann.Clin Biochem. 21: 

510-514

 42.  Hipkiss AR, Brownson C, Carrier MJ (2001) Carnosine, the anti-ageing, anti-oxidant dipeptide, may 

react with protein carbonyl groups. Mech.Ageing Dev. 122: 1431-1445

 43.  Avogaro A, Giorda C, Maggini M, et al (2007) Incidence of coronary heart disease in type 2 diabetic 

men and women: impact of microvascular complications, treatment, and geographic location.  

Diabetes Care. 30: 1241-1247




