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Abstract 

This study assessed if serum carnosinase (CN-1) activity and concentration in type 2 

diabetes mellitus (T2DM) patients carrying the protective CNDP1 genotype ((CTG)5 

homozygous) with diabetic nephropathy (DN) differ from those without nephropathy.  

From a total of 272 T2DM patients (with DN n=127, without DN n=145) 92 patients 

(with DN: n=45, without DN: n=47) were homozygous for the (CTG)5 allele. CNDP1 

(CTG)5 homozygous T2DM patients with DN had significantly lower CN-1 

concentrations (30.4 ± 18.3 vs 51.2 ± 17.6 µg/ml, p<0.05) and activity (1.25 ± 0.5 vs 

2.53 ± 1.1 µmol/ml/h, p<0.05) than those without nephropathy. Univariate analysis 

confirmed significant lower CN-1 concentrations and activity in all T2DM patients with 

DN. In multivariate regression analyses, estimated renal function (eGFR) and to a 

lesser extent genotype were significantly associated with serum CN-1 concentrations 

(95% CI of regression coefficients: eGFR: 0.10 – 1.94 (p=0.001); genotype: -0.05 – 

5.79 (p=0.055)). In a separate small group (n=12) of subsequently recruited patients 

with micro- or macro-albuminuria (range 39-836 ng/ml), carnosinasuria was detected, 

correlated inversely with serum albumin (r: 0.90) and positively with albuminuria (r: 

0.83). Immuno-histology on sections of kidney biopsies retrieved from our archives 

suggested that CN-1 expression in proximal tubules is increased in patients with 

proteinuria as compared to healthy controls (controls: 0.014 ± 0.021, patients with 

proteinuria: 0.102 ± 0.130). 

Our study demonstrates that serum CN-1 concentrations in T2DM patients with DN 

are decreased, possibly caused by carnosinasuria. Further studies using large 

cohorts are warranted to underpin this assumption and to delineate the relevance of 

carnosinasuria for renal function deterioration.  
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Introduction 

The incidence of type 2 diabetes mellitus (T2DM) is increasing to epidemic 

proportions in both developed and developing countries [1]. Due to its associated 

complications, e.g. diabetic nephropathy (DN), retinopathy or peripheral neuropathy, 

diabetes care constitutes a major part of the healthcare expenditure. DN is not only 

associated with high clinical costs, it is also the foremost cause for end-stage renal 

failure and cardiovascular mortality, conditions mostly appearing several years after 

the onset of DM [2].  

Approximately one third of T2DM patients are susceptible to develop DN, which is 

explained by genetic predispositions [3]. Amongst the susceptibility loci for DN, the 

CNDP1 gene has been shown to be strongly associated with DN in T2DM patients 

[4-8], albeit that this differs for different ethnicities [9, 10].  Based on the number of 

CTG repeats in the signal peptide, five different alleles coding for 4, 5, 6, 7, or 8 

leucine residues are known. While in the Caucasian population the (CTG)4 allele is 

very rare, the more common (CTG)5 allele seems to afford protection against DN as 

T2DM patients without nephropathy are more frequently homozygous for this allele 

than those with nephropathy. The CNDP1 polymorphism affects CN-1 secretion [11], 

thus explaining why CN-1 activity is low in (CTG)5 homozygous individuals [8].  

It is assumed that low CN-1 activity may protect T2DM patients from glyco-oxidative 

tissue damage as a consequence of low carnosine turnover. However, in human 

carnosinemia is difficult to assess and is mostly only transiently observed after oral 

supplementation of carnosine in individuals with low CN-1 activity [12]. CN-1 activity 

is not only determined by the (CTG)n polymorphism. It is in general higher in female 

[13], it is influenced by competing substrates such as homocarnosine [14] and it 

seems that the conformation of CN-1 also affects CN-1 activity [15]. With respect to 

the latter we have recently shown that anti-CN-1 monoclonal antibody RYSK173 can 
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distinguish between different CN-1 conformations [15], presumably due to the 

presence or absence of divalent metal ions that associate with the dinuclear zinc-

binding site of CN-1. While in the majority of individuals the proportion of CN-1 that is 

recognized by RYSK173 is low (0.1 to 2 %), individuals with a high proportion of this 

conformation (>15 %) have in general a low CN-1 activity [15].  

Even though T2DM patients without DN are more frequently homozygous for (CTG)5 

allele, a significant number of (CTG)5 homozygous T2DM patients still develop DN. 

Why this occurs is at present not known. In the current study we therefore tested the 

hypothesis that (CTG)5 homozygous T2DM patients with nephropathy have higher 

serum CN-1 activities and concentrations as compared to those without nephropathy. 

To this end, CN-1 activity and concentration were tested in a clinically well-defined 

cohort of T2DM patients.  
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Materials and Methods  

Patients 

After screening of clinical records, a total of 272 T2DM patients were included and 

allocated to either the DN (n=127) or no DN (n=145) group. Inclusion criteria for DN 

were as follows: persistent macro-albuminuria in at least 2 independent 

measurements (albumin excretion rate > 300 mg/d or > 200 mg/l or ACR 

(albumin/creatinine ratio) > 300 mg/g) obligatory in combination with the diagnosis of 

diabetic retinopathy (DR) (all severity degrees were allowed). This combination was 

obligatory, unless DN was biopsy proven to exclude cases with proteinuria due to 

renal disease other than DN. Exclusion criteria were urinary tract infection or fever at 

the time of urine investigation, renal disease other than DN and history of kidney 

transplantation. T2DM patients without DN fulfilled the following criteria: Diabetes 

duration of at least 15 years accompanied by a normo-albuminuria in at least two 

independent measurements (albumin excretion rate < 30 mg/d or < 20 mg/l or ACR < 

30 mg/g). In keeping that approximately 80% of the diabetic patients in this group 

were on ACE inhibitors or AT1-blockers, normo-albuminuric patients were excluded if 

they showed diabetic retinopathy more severe than mild non proliferative retinopathy 

[16-18].  

Diabetes mellitus was defined by known history of diabetes or a fasting blood glucose 

≥ 7.0 mmol/l (126 mg/dl), a casual plasma glucose level ≥ 11.1 mmol/l (200 mg/dl) or 

a HbA1c ≥ 6.5%. Estimated glomerular filtration rates (eGFR) were calculated based 

on either Modification of Diet in Renal Disease (MDRD) formula or Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) formula. Serum was used to assess 

CN-1 concentration and activity. Genotyping was performed on EDTA blood. All 

samples were stored at −20°C until use. The study protocol was approved by local 

ethics committee and all patients gave their written informed consent prior to study 
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(No. 0193/2001).  

 

CNDP1 genotyping 

CNDP1 genotyping was performed as previously described [19] using PCR 

amplifications and subsequent fragment analysis. 

 

CN-1 activity and ELISA 

Plasma carnosinase activity was determined according to the method described by 

Teufel et al. [20]. Briefly, the reaction was initiated by the addition of substrate (L-

carnosine) to a serum sample and stopped after appropriate time of incubation at 

30°C by the addition of 1% trichloroacetic acid. Li berated histidine was derivatized 

with O-phtaldialdehyde, and the maximum increase was used to determine the 

maximum activity. Fluorescence was measured by excitation at 360 nm and emission 

at 460 nm. Intra- and inter-assay variations were 7% and 25% respectively. 

Sensitivity was approximately 0.117 µmol/ml/h. CN-1 ELISA was performed as 

described in [15]. 

 

Westernblot analysis 

Detection of CN-1 by Westernblotting was performed as described previously [15]. In 

some urine samples PNGase treatment was included to demonstrate CN-1 identity of 

the immune reactive bands.  N-linked deglycosylation was performed by PNGase F 

(New England Biolabs, Frankfurt, Germany) treatment according to the 

manufacturer's recommendations. 
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Immunofluorescence 

CN-1 staining was performed on 1µm thick sections of paraffin embedded human 

kidney biopsies from DN patients with proteinuria (range 0.5 - 16 g/d; n=29) and from 

membranous glomerulopathy patients with proteinuria (range 10 - 20 g/d; n=12) 

retrieved from our archives. Pre-transplantation renal biopsy sections from living 

donors (n=20) were used as healthy controls (no proteinuria). Biopsies were taken for 

diagnostic reasons and revealed no pathologic abnormalities. After deparaffinization 

and rehydration, slides were boiled in target retrieval solution and incubated with 

blocking solution (POLAP-100, ZytoChem-Plus AP Polymer-kit, Zytomed Systems 

GmbH, Berlin, Germany). Hereafter the sections were incubated overnight at 4°C 

with monoclonal mouse-anti-human-CNDP-1 antibody (1:200,  MAB2489, R&D 

systems, Wiesbaden, Germany) followed by treatment with postblock reagent 

including rabbit-anti-mouse secondary antibodies and AP-polymer reagent (POLAP-

100, ZytoChem-Plus AP Polymer-kit, Zytomed Systems GmbH, Berlin, Germany). To 

visualize CN-1 antibody binding, Fast Red solution was used (Santa Cruz 

Biotechnology, INC, Heidelberg, Germany). Hereafter the sections were incubated 

with rabbit-anti-human-LRP2 (Low density lipoprotein-related protein 2)/megalin 

antibodies (1:200, HPA005980, Sigma, Steinheim, Germany) followed by incubation 

with secondary donkey-anti-rabbit-antibodies Alexa Fluor 488 (A21206, Life 

Technologies GmbH, Darmstadt, Germany). Qualitative and quantitative 

morphometric analysis was performed using an optical microscope (Olympus 

Deutschland GmbH, BX41, Hamburg, Germany) in combination with the CellF 

software (Olympus Deutschland GmbH, Hamburg, Germany). Immuno-positive areas 

of CN-1 were measured and expressed as percentage of total analyzed area (in %). 

In the corresponding LRP2-staining, the numbers of LRP2-positive proximal tubules 
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were counted. The results are expressed as the ratio of CN-1 immuno-positive area 

and numbers of proximal LRP2-positive tubules. 

 

Statistical analysis 

Quantitative data are depicted as means ± SEM. Student t test (normal distribution) 

or Wilcoxon-Mann-Whitney test (non-normal distribution) was applied to compare 

differences between groups. We compared qualitative data with χ² or two-sided 

Fisher’s exact test when appropriate. Linear regression was used to model the 

relationship of the serum CN1 concentration and various putative explanatory 

variables, such as age, gender, BMI leucine repeat, MDRD-GFR, HbA1c, and 

dialysis. Regression coefficients (β) are reported for a 1 unit change in the variable 

with 95% confidence intervals. A p-value of less than 0.05 was considered significant 

in all analyses. Statistical analyses were performed using Stata Statistical Software 

for Microsoft Windows (Stata Corp., College Station, TX). 
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Results  

Homozygous CNDP1 (CTG)5 T2DM patients with or without nephropathy. 

From a total of 272 T2DM patients that were enrolled in our study 92 patients were 

homozygous for the CNDP1 (CTG)5 allele. These patients were further stratified on 

the basis of DN (with DN: n=45, without DN: n=47). Demographic and clinical 

characteristics of both groups are presented in Tab. 1. Apart from the fact that in the 

DN group significantly more male patients were included, demographic 

characteristics were similar in both groups. The number of anti-hypertensive 

medication (AHM) was higher in the DN group, in line with a higher systolic blood 

pressure. Although the time from diagnosis of T2DM was significantly shorter in the 

group without DN (17.5 ± 0.7 vs 23.4 ± 1.5 years; p<0.05) glycemic control was 

comparable. Insulin dosage was significantly lower in patients with DN; also oral anti-

hyperglycemic agents were less frequently used. As a consequence of the inclusion 

criteria for DN, severity of retinopathy was significantly higher in the DN group. No 

significant difference in neuropathy was found between the groups. DN patients had 

more frequently a history of coronary heart disease, cardiovascular events, arterial 

occlusive disease and stroke. Also nicotine abuse was more frequently found in this 

group. CN-1 concentration and activity were significantly higher in T2DM patients 

without DN as compared to T2DM patients with DN (CN-1 concentration: 51.2 ± 17.6 

vs 30.4 ± 18.3 µg/ml, CN-1 activity: 2.53 ± 1.1 vs 1.25 ± 0.5 µmol/ml/h). The 

proportion of the RYSK173 CN-1 conformation was slightly higher in T2DM without 

DN (Tab. 1).   
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Tab. 1: Demographic and clinical characteristics of  CN-1 (CTG)5 homozygous T2DM 

with or without DN 

 
T2DM + DN 

n = 45 

T2DM - DN 

n = 47 

Demographic characteristics    

Male sex (%) 33 (73) 22 (47)* 

Age (year) 69.2 ± 1.5 68.5 ± 1.4 

Clinical characteristics    

Weight (kg) 80.9 ± 2.8 88.1 ± 2.5 

Body mass index (kg/m2) 30.8 ± 0.9 32.3 ± 1.1 

Hypertension (%) 44 (98) 44 (94) 

     Number of AHM  3.3 ± 0.2 2.6 ± 0.2* 

Blood pressure (mmHg)   

     Systolic 140 ± 2.7 131 ± 2.2* 

       Diastolic 69 ± 1.7 75 ± 1.6* 

Diabetes Mellitus    

Time from diagnosis (year) 23.4 ± 1.5 17.5 ± 0.7* 

Glycemic control   

     HbA1c (%)  7.3 ± 0.2  7.5 ± 0.2 

     HbA1c (mmol/mol) 56.6 ± 1.8 58.5 ± 2.1 

     FPG (mg/dl) 159 ± 14 144 ± 13 

Diabetic complications    

Kidney function   

     Creatinine (mg/dl) 6.6 ± 0.5 0.93 ± 0.04* 

     eGFR (ml/min) 12.3 ± 1.7 77.4 ± 2.8* 

     Hemodialysis (HD) 36 (78) 0 (0)* 

     HD duration (month) 63.3 ± 8.9 0* 

     Albuminuria (mg/l) 1775 ± 372 12.0 ±1.2* 

Retinopathy (DR) (%)   

     No DR 3 (6) 40 (85)* 

     NPDR 29 (70) 7 (15)* 

     Proliferative DR 4 (9) 0 (0)* 

     Maculopathy  2 (4) 0 (0)* 
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     Lasertherapy 8 (17) 0 (0)* 

Polyneuropathy 21 (47) 16 (34)  

History (%)   

Coronary heart disease 32 (70) 16 (34)* 

Cardiovascular event  19 (41) 8 (17)* 

Arterial occlusive disease 26 (57) 9 (19)* 

Stroke  12 (26) 6 (13)* 

Smoking  28 (61) 14 (30)* 

Statin  33 (72) 30 (64) 

Carnosinase metabolism    

CN-1 activity (µmol/ml/ h) 1.25 ± 0.5 2.53 ± 1.1* 

CN-1 concentration ATLAS (µg/ml) 30.4 ± 18.3 51.2 ± 17.6* 

CN-1 concentration RYSK173 (µg/ml) 0.28 ± 0.04 0.70 ± 0.06* 

RYSK173 proportion of ATLAS concentration (%) 1.17 ± 0.18 1.72 ± 0.34* 

*: p < 0.05 

 

Serum CN-1 concentrations and renal function (eGFR) 

The finding that CN-1 concentrations in (CTG)5 homozygous patients with DN are 

significantly lower compared to those without nephropathy argues against the 

hypothesis that low CN-1 concentrations affords protection against DN. We therefore 

performed univariate analysis using Student T-test on all 272 patients to identify the 

main differences between patients with and without nephropathy in our recruited 

patients (Tab. 2). Similar as observed for the (CTG)5 homozygous patients, analysis 

of the whole cohort revealed that males developed more frequently DN as compared 

to females and that CN-1 activity and concentration were lower in patients with 

nephropathy. No differences were observed in body mass index (BMI), HbA1c, and 

age, but also not in the distribution of the (CTG)5 homozygous genotype (Tab. 2). 

Multivariate regression analysis was subsequently performed to identify independent 

factors that are associated with low serum CN-1 concentrations (Tab. 3). 
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Tab. 2 Univariate analysis on the differences of ma in characteristics between T2D 

patients with and without DN groups. 

 
T2DM + DN 

(n=127) 

T2DM – DN 

(n=145) 

95% CI of 

regression 

coefficients  

p value 

Age (years) 68.1 ± 1.0 68.7 ± 0.7 -2.91 – 1.7 ns 

Gender F/M (%) 35 / 65 52 / 48 --- < 0.05 

Body mass index (kg/m2) 31.1 ± 0.6 32.0 ± 0.5 -2.4 – 0.69 ns 

HbA1c (%) 7.6 ± 0.1 7.4 ± 0.1 -0.07 – 0.5 ns 

(CTG)5 homozygosity (%) 36 36 --- ns 

Creatinine (mg/dl) 6.2 ± 0.28 0.94 ± 0.02 4.7 – 5.7 < 0.05 

eGFR (ml/min) 15.8 ± 1.7 76.5 ± 1.4 -62.9 – -53.9 < 0.05 

CN-1 concentration (µg/ml) 36.6 ± 2.0 51.1 ± 1.5 -19.3 – -9.7 < 0.05 

CN-1 activity (µmol/ml/h) 1.48 ± 0.1 2.44 ± 0.1 -1.2 – -0.7 < 0.05 

ns: not significant 

 

Tab.3 Multivariate regression analysis for identifi cation of independent variables 

associated with serum CN-1 concentration. 

 95% CI of regression coefficients p value 

Age -0.03 – 0.18 0.56 

Gender -4.18 – 5.69 0.76 

Body mass index -0.12 – 0.62 0.19 

HbA1c -1.92 – 1.99 0.99 

Hemodialysis duration -47.23 – 40.28 0.71 

CNDP1 genotype  -0.05 – 5.79 0.055 

eGFR  0.10 – 1.94 0.001 
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A highly significant association between eGFR and serum CN-1 concentration was 

found. Also an association between genotype and CN-1 concentrations was 

observed with borderline significance.   

To make the association between eGFR and serum CN-1 concentration more visible, 

all T2DM patients were stratified on the basis of eGFR. While T2DM patients with 

poor renal function (eGFR < 30 ml/min, most of these patients were on HD (n=97) or 

pre-dialysis (n=12)) had significantly decreased serum CN-1 concentrations, T2DM 

patients with good renal function (eGFR > 60 ml/min) had significant higher CN-1 

concentrations (Fig. 1A). T2DM patients with an intermediate renal function (eGFR 

ranging from 30 to 60 ml/min) displayed intermediate levels of serum CN-1 (Fig. 1A). 

CNDP1 genotype distribution ((CTG)5 homozygous vs. not (CTG)5 homozygous) was 

comparable in the various eGFR strata (Fig. 1B). Although multivariate analysis did 

not reveal an association between BMI and serum CN-1 concentration, T2DM 

patients with poor renal function displayed a significantly lower BMI (Fig. 1C). No 

difference in BMI between T2DM patients with intermediate or good renal function 

was observed (Fig. 1C). 
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Fig. 1 Relation between serum CN-1 concentration, r enal function and BMI A total of 

272 T2DM patients were stratified on the basis of eGFR. Low serum CN-1 concentration 

correlated with poor renal function (A) and lower BMI (C). CNDP1 genotype distribution was 

comparable in the various eGFR group (B). 

hom (CTG)5: (CTG)5 homozygous patients 

not hom (CTG)5: patients with other alleles except (CTG)5 homozygosity 
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CN-1 is excreted in patients with micro- or macro-albuminuria 

Since in T2DM patients renal function deterioration goes along with progression to 

macro-albuminuria, we hypothesized that serum CN-1 concentrations might decrease 

as a consequence of proteinuria. Because urine was not collected at the time of 

patient recruitment, spot urine samples from 12 subsequently recruited renal disease 

patients with either normo- or micro- (n=5) or macro-albuminuria (n=7) were tested 

for the presence of CN-1. Clinical characteristics of these patients are depicted in 

Tab. 4.  

In all 7 patients with macro-albuminuria CN-1 was detected to various degrees by 

ELISA. In 2 out of 5 patients with normo- or micro-albuminuria we were able to 

measure CN-1 after concentration of the urine (Tab. 4). In Westernblot analysis, two 

major CN-1 immune reactive bands were detected corresponding to molecular 

weights of ~60 and ~ 54 kDa respectively. Upon PNGase treatment the 60 kDa band 

was shifted to 54 kDa, demonstrating the presence of N-glycosylation (Fig. 2). In this 

small patient group serum albumin concentration significantly correlated with both 

albuminuria and carnosinasuria. In addition albuminuria correlated significantly with 

carnosinasuria (Fig. 3).  
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Tab. 4: Age, renal disease, serum and urine paramet ers of additional patients with 

micro- or macro-albuminuria.  

Patient 1 2 3 4 5 6 7 8 9 10 11 12 

Age 48 58 39 68 87 37 80 58 48 67 52 76 

sCra 

(mg/dl) 

0.7

7 

0.5

1 

0.7

1 
3.12 3.93 2.1 3.96 3.68 8.06 5.66 8.99 3.01 

eGFR 

(ml/min) 
>60 >60 >60 21 16 28 16 13 8 11 7 22 

sAlbb 

(g/l) 

35.

9 

37.

1 

38.

2 
28.8 32.7 13.9 22.1 30.9 28.6 20.6 33.5 15.9 

TPUc 

(mg/l) 
144 80 <50 504 

173

2 
4091 3174 

218

8 
4673 4816 539 5380 

uAlbd 

(mg/l) 
11 6 <5 123 92 3180 2500 

155

0 
3580 4380 310 4790 

uCre 

(g/l) 

0.8

1 

0.4

7 

0.1

6 
0.58 0.85 0.85 0.77 0.46 0.61 1.16 0.54 0.89 

TPU/uCr 

ratio 
178 179 - 849 

203

8 
4813 4122 

475

7 
7661 2991 998 6045 

CN-1 

ATLASf 

(ng/ml) 

0 39 0 52 0 836 211 179 295 540 86 482 

CN-1 

RYSK173
g 

(ng/ml) 

0 0 0 0 0 992 104 231 33 39 0 578 

Renal 

disease 
- - - 

unclea

r 
DN 

Lupus 

Nephr
h 

Pauci 

Imm.GI

. Nephri 

DN 

IgAN
j 

&DN 

FSGS
k 

Pauci 

Imm.GI

. Nephr 

FSG

S 

a creatinine in serum, b albumin in serum, c total protein in urine, d albumin in urine, e creatinine in urine, 
f total CN-1 concentration in urine,  g concentration of CN-1 RYSK173 in urine, h lupus nephritis, i pauci 

immune glomerulonephritis, j IgA nephropathy, k focal segmental glomerulosclerosis.  
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Fig. 3  Correlations between serum albumin and albuminuria (upper left graph), between 

serum albumin and carnosinasuria (upper right graph) and between carnosinasuria and 

albuminuria (lower graph) are shown. 
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Reabsorption of CN-1 in proximal tubules    

To test if proteinuria might affect the expression of CN-1 in proximal tubules, we 

stained renal sections from our archives. The section were obtained from DN patients 

with various degrees of proteinuria (range 0.5 - 16 g/d, n=29) and from membranous 

glomerulonephritis patients with massive proteinuria (10 - 20 g/d, n=12) for CN-1. 

Renal biopsy sections from kidney transplant donors (n=20) were used as healthy 

controls (no proteinuria).  As depicted in Fig. 4A, in control biopsies a distinct 

cytoplasmic granular positivity for CN-1 was noted in proximal LRP2-positive tubules, 

especially of medullary rays. In biopsies from DN (Fig. 4B) or from membranous 

glomerulonephritis patients (Fig. 4C), an increase for CN-1 staining was found in 

proximal convoluted tubules of the cortex. In patients with intense granular CN-1 

immunoreactivity in proximal tubules also podocytes showed cytoplasmic CN-1 

positivity (Fig. 4D). CN-1 was quantified after normalization for the number of tubules 

(relative CN-1 expression) and showed a significant increase of CN-1 in DN and 

membranous glomerulonephritis patients (Fig. 4E, controls: 0.014 ± 0.021, DN: 0.102 

± 0.130, membranous glomerulonephritis: 0.056 ± 0.033; p<0.01 controls vs DN and 

p<0.001 controls vs membranous glomerulonephritis). Relative CN-1 expression did 

not correlate with the degree of proteinuria in DN patients (Fig. 4F, r: 0.084; p=0.66).   
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Discussion 

Even though it has been reported that T2DM patients without nephropathy are more 

frequently homozygous for the CNDP1 (CTG)5 allele, a significant number of such 

patients still develops DN. The main aim of this study was therefore to assess if 

serum CN-1 concentration and activity in CNDP1 (CTG)5 homozygous T2DM 

patients differ between patients with and without DN  

Our findings are consistent with previously published data with respect to sex 

specificity of the association with CNDP1 (more females in the group without DN, 

Tab. 1) and serum CN-1 concentrations when stratified for gender or genotype (data 

not shown) [21]. However in multivariate analysis genotype, but not gender, remained 

to be an independent variable for serum CN-1 concentrations. The most unexpected 

finding was the observation that T2DM patients with DN have significantly lower 

serum CN-1 concentrations and activities. This argues against the hypothesis that 

low CN-1 activity/concentration may afford protection against DN in T2DM patients 

[8].  

Univariate analysis using Student T-test of all 272 T2DM patients confirmed that CN-

1 activity and concentrations were significantly lower in T2DM patients with DN. In 

multivariate analysis eGFR and genotype were associated with low serum CN-1 

concentrations. To the best of our knowledge, this is the first report on the 

association between serum CN-1 and eGFR. 

The relation between eGFR and serum CN-1 concentrations can be partly explained 

by the fact that in T2DM patients renal function deterioration goes along with 

progression to macro-albuminuria. Although carnosinasuria was not tested in our 

cohort of patients we could clearly demonstrate that carnosinasuria was present in 12 

additionally recruited patients with micro- or macro-albuminuria and was not limited to 

T2DM patients only. Indeed persistent macro-albuminuria was an inclusion criterion 
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for patient allocation to the T2DM with DN group. Yet it should be underscored that 

most of the DN patients were on dialyses with low or no diuresis. Hence, macro-

albuminuria alone cannot explain low serum CN-1 concentrations in these patients. 

Uraemia-induced alterations in protein metabolism and gastrointestinal tract function 

can result in poor nutritional status. Yet protein energy wasting, a condition of loss of 

muscle and visceral protein stores is not entirely accounted for by inadequate nutrient 

intake, as the prevalence hereof increases progressively along with the loss of 

residual renal function and is high in dialysis patients [22]. Protein energy wasting 

may therefore also partly explain the relation between renal function and low serum 

CN-1 concentration. The findings that T2DM patients on dialysis or in the pre-dialysis 

stage (eGFR < 30 ml/min) have a significant lower BMI, along with significantly lower 

serum CN-1 concentrations, as compared to those with intermediate or good renal 

function is in line with this assumption. 

Urinary carnosinase seems to be partly re-absorbed by proximal tubules as 

suggested by an increased staining for CN-1 in renal biopsies of DN patients, 

although we cannot exclude de novo synthesis of CN-1 in proximal tubules. This was 

not specific for DN since also patients with membranous glomerulonephritis showed 

an increased CN-1 staining in proximal tubules. It should also be noted that the 

degree of proteinuria did not correlate with CN-1 positivity of proximal tubules. 

Albuminuria is associated with an increased risk for progression to end-stage renal 

and cardiovascular disease [23]. Yet a proportion of T2DM patients have a low eGFR 

without albuminuria [24]. Even though it has been reported that the CNDP1 genotype 

is not associated with change in eGFR and all-cause mortality in T2DM patients [25], 

it remains to be assessed whether there is a correlation between eGFR and 

carnosinasuria in these patients. If such a correlation exists it also needs to be 

addressed whether this is independent of albuminuria and, if so, can it be detected in 
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T2DM patients with low eGFR but no albuminuria. Because the presence of 

persistent macro-albuminuria was required for including T2DM patients with DN, 

carnosinasuria in T2DM patients with impaired renal function and no albuminuria 

could not be studied.   

Like other histidine containing dipeptides (HCD) carnosine is stored in peripheral 

skeletal muscles and other organs, e.g. kidney, retina, myocardium. Based on their 

chemical structure they display a variety of protective properties which may 

ameliorate harm caused by oxidative and carbonyl stress [26, 27]. Depletion of HCD 

stores in peripheral organs might therefore cause an increased susceptibility to tissue 

damage in hyperglycemic patients. One unsolved question therefore is whether 

filtered CN-1 is still active and to what extent it influences renal HCD stores. It should 

be emphasized that the lack of CN-1 activity in urine from patients with albuminuria 

does not imply that CN-1 is also inactive in the ultrafiltrate.  As the ultrafiltrate flows 

along the nephron its composition is dramatically changed, which may lead to CN-1 

denaturation, unmasking of the CN-1 RYSK173 epitope and thus inactivation of CN-1 

activity.  

Studies performed in diabetic mice have indicated that renal carnosine 

concentrations remain stable whereas renal concentrations of anserine decrease in 

the course of diabetes paralleled by an increased renal CN-1 activity [28].  In human 

no data are currently available on renal HCD stores, neither in relation to CN-1 

activity, nor in relation to diabetes, nor in relation to proteinuria. CN-1 may be partly 

re-absorbed in patients with macro-albuminuria yet it remains to be assessed if re-

absorbed CN-1 can influence renal HCD stores.   

In conclusion, our study demonstrates that serum CN-1 concentrations in T2DM 

patients with DN are decreased possibly as a consequence of protein energy wasting 

and carnosinasuria. Since this is the first report on carnosinasuria ever and only 
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observed in a small number of patients, the clinical significance of carnosinasuria in 

terms of progression to DN is at present still elusive. Our data strongly warrant further 

studies using large cohorts not only to underpin these initial findings, but more 

importantly to understand the relation between low serum carnosinase 

concentrations, carnosinasuria and renal function deterioration, either as a 

consequence of diabetes or other underlying chronic renal diseases. 
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Supplementary Tab. 1 Demographic and clinic data of all patients that were allocated to the 
different groups. 

  T2DM + DN            T2DM - DN    

n 127 145 

Demographic characteristic    

Male sex ― n (%) 82 (65) 75 (52) 

Age  ―  year 68.1 ±1.0  68.7 ±0.7 

Clinical characteristics      

Weight  ―  kg 88.5  ±1.8 89.5 ±1.5 

Body mass index ― kg/m2 31.1  ±0.6 32.0 ±0.5 

Hypertension      

   Number of AHM  3.3  ±0.1 2.7 ±0.1 

Blood pressure ― mmHg     

     Systolic 138  ±2.0 131 ±1.6 

     Diastolic 70  ±1.2 74 ±0.9 

Diabetes mellitus      

Time from diagnosis  ―  year 20.8  ±0.8 17.6 ±0.5 

Glycemic control     

     HbA1c ―  % (mmol/mol)  7.6 ±0.1 (59.4 ±1.2) 7.4 ±0.1 (57.0 ±1.1) 

     FPG  ―  mg/l    
 

148  ±9.3 141 ±5.6 

Diabetic complications      

Kidney function     

     Creatinine ― mg/dl 6.2  ±0.28 0.94 ±0.02 

     eGFR  ― ml/min 15.8  ±1.7 76.5 ±1.4 

     Hemodialysis ― n (%) 97 (76) 0 (0) 

     HD duration  ―  months  41 ±4.1 0 

     Albuminuria  ―  mg/l    1653  ±279 12.1 ±0.7 

Retinopathy (DR) ― n (%)     

     no DR 6 (5) 121 (84) 

     NPDR  73 (57) 24 (16) 

     Proliferative DR  21 (17) --- 

     Maculopathy 8 (6) --- 

     Lasertherapy 16 (13)  --- 

     unknown   3 (2) --- 

Polyneuropathy ― n (%) 
 

70 (55) 63 (43) 

History ― n (%) 

Coronary heart disease   

  

82 (65) 

  

48 (33) 
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Cardiovascular Event   45 (35) 22 (15) 

Arterial occlusive disease   64 (50) 26 (18) 

Stroke   33 (26) 19 (12) 

Smoking 69 (54) 45 (31) 

Statin 91 (72) 94 (65) 

Carnosinase metabolism  

CN-1 activity ― µmol ml-1 h-1 

  

1.48  ±0.1 

  

2.44 ±0.1 

CN-1 concentration ATLAS ― µg/ml 36.6  ±2.0 51.1 ±1.5 

CN-1 concentration RYSK ― µg/ml 0.36  ±0.04 0.69 ±0.04 

RYSK proportion of ATLAS conc. ― % 1.15 ±0.11 1.57 ±0.14 

homozygous (CTG)5 ― n (%) 45 (36) 47 (36) 
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