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The binding of advanced glycation end-products (AGEs) to their receptor (RAGE) may play an important role 
in the development of diabetic vascular complications. Circulating soluble RAGE (sRAGE) reflects tissue 
RAGE expression. We examined circulating sRAGE and RAGE -374 T/A gene promoter polymorphism in type 
1 diabetic patients and explored their possible associations with the development of nephropathy. Fifty 
diabetic patients with disease duration > 10 years and 20 age, sex and body mass index (BMI) matched 
healthy controls were included in the study. Diabetic patients were subdivided into 23 patients without 
nephropathy and 27 with nephropathy. All the studied individuals were subjected to the following 
investigations: fasting glucose, HbA1c, serum creatinine, lipid profile, albuminuria and sRAGE levels. The -
374 T/A RAGE gene polymorphism was studied by PCR amplification and restriction fragment length 
polymorphism (RFLP) analysis. Our study reported significant increase in sRAGE in diabetic patients 
compared to controls and in diabetic patients with nephropathy compared to those without nephropathy 
(P<0.001). sRAGE was significantly correlated with HbA1c, creatinine, albuminuria and atherogenic lipid 
profile. There were significant increase in the frequency of RAGE -374 A allele (T/A and/or A/A genotypes) in 
diabetic patients with nephropathy compared to those without nephropathy and control groups (P<0.01). A 
allele was a risk factor for diabetic nephropathy (OR 2.36 &95%CI 1.1-5.6). RAGE -374 A allele was associated 
with increased sRAGE levels, hypertension and increased creatinine concentration in diabetic patients. This 
study points to the possible role of sRAGE as a marker of early nephropathy in diabetic patients. Early 
testing for the RAGE gene -374 T/A could have merit in predicting risk of diabetic nephropathy later in life. 

iabetic nephropathy is a serious long-

term consequence of diabetes, 

affecting both type 1 and type 2 

diabetic patients. It has been assumed that the 

underlying pathophysiological mechanism 

leading to late diabetic complications are 

similar in type 1 and type 2 diabetes, but 

different modifying factors may be operative 

in the two forms of diabetes, including genetic 

factors. Type 2 diabetes mellitus is the most 

common form of diabetes that constitute the 

majority of cases worldwide including Egypt 

(Abou-Shousha et al. ,2006) and the incidence 

of nephropathy is higher in type 2 diabetes 

compared to type 1 (Yokoyama et al.,2000).  

However, increased risk of microangiopathy 

was much more complex in type 2 diabetes, 

suggesting that other factors, such as insulin 

resistance, hypertension, obesity, 

dyslipidaemia and ischemic renal disease, 

might be of greater importance in the 

development of diabetic complications in type 

2 than in type 1 diabetes and the contribution 

of the genetic factors may be obscure as a 

results (Lindholm et al., 2006).  

In individuals with diabetes, nonenzymatic 

glycation of proteins leads to the formation of 

advanced glycation end products (AGE) and 

this process occurs at an accelerated rate in 

chronic hyperglycemia. Increasing evidence 

suggests that AGE contribute to the 

development of diabetic vascular 

complications (Wendt et al., 2003a). The 

effects of AGE are partially mediated through 

their interactions with cell surface receptors. 

Among these receptors, RAGE (receptor for 
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the AGE) is the best characterized (Bucala & 

Vlassara, 1995). It is now well established 

that ligand-triggered RAGE-dependent 

cellular activation induces inflammatory 

response and promotes cellular migration and 

proliferation (Schmidt et al., 1999). The 

binding of AGE to RAGE elicits oxidative 

stress generation and subsequently evokes 

vascular injury in diabetes (Ueda et al., 2006). 

In addition, pharmacological blockade of the 

RAGE receptor prevents untoward effects of 

AGE on the vascular wall in diabetic animals 

(Bucciarelli et al., 2002a).  

RAGE is a multiligand receptor of the 

immunoglobulin superfamily expressed at low 

levels in adult tissues in homeostasis, but 

highly overexpressed at sites of vascular 

pathology (Bucciarelli et al., 2002b). Isoforms 

of the RAGE derived from alternative splicing 

of the RAGE gene mRNA have been found. 

The full-length protein is the fully functional 

form (Yan et al., 2003). Two other isoforms 

have been detected: an N-truncated form that 

is located mainly on the plasma membrane 

and is incapable of binding AGEs, and a C-

truncated form that lacks the transmembrane 

domain. The C-truncated isoform is a soluble 

RAGE protein (sRAGE) secreted from cells 

and its ability to bind RAGE ligands suggests 

a cytoprotective action against AGEs 

(Yonekuura et al., 2003).  

As diabetics differ markedly in their 

susceptibility to glucose–mediated tissue 

damage due to non enzymatic glycation, 

RAGE is regarded as one of the logical 

candidate genes involved in the familial 

predisposition to certain types of diabetic long 

term complications (Kankova et al., 2001). 

Sequence variants within the RAGE gene may 

influence development of complications by 

altering the AGE-RAGE interaction (Hudson 

et al., 1998). Several polymorphisms of the 

RAGE gene have been described (Hudson et 

al., 2002). Specifically three polymorphisms 

of the promoter region, –429T/C, –374T/A 

and a 63-bp deletion, were shown to be 

functional, increasing gene transcription. The 

introduction of a T→A nucleotide substitution 

in the –374 T/A polymorphism apparently 

prevents the binding of a nuclear binding 

factor that is probably involved in the 

repression of RAGE transcription; thus, the 

presence of the –374 A allele increases the 

promoter transcription activity approximately 

three-fold in vitro (Hudson et al., 2001a). The 

-374 T/A variant has thus become a topic of 

great interest. The association of this promoter 

polymorphism has been studied in various 

populations with respect to diabetic 

complications, but the results are conflicting 

(Pettersson –Fernholm et al., 2003; Ji Xiong 

et al., 2003; Hudson et al., 2001a; Kirbis et 

al., 2004; Kankova et al., 2005; dos Santos et 

al., 2005).  

The aim of the study was to examine 

circulating sRAGE and RAGE -374 T/A gene 

polymorphism in type 1 diabetic patients and 

evaluate their possible associations with the 

development of nephropathy.  

Subjects and Methods 

A total of 50 type 1 diabetic patients with disease 

duration >10 years attending Diabetes Clinic of 

Zagazig University Hospitals and 20 healthy age-, sex-, 

and BMI-matched controls were enrolled in this study. 

Diagnosis of diabetes was done according to the 

American Diabetes Association Criteria (2006). 

Patients with marked renal dysfunction (serum 

creatinine > 2.0 mg/dl) and patients treated with 

angiotensin converting enzyme inhibitors or 

angiotensin- receptor blockers were excluded from the 

study as these factors were reported to modify sRAGE 

blood level (Grossin et al., 2008; Kalousova et al., 

2007). Informed consent was obtained from all 

participants in the study.  

Urine albumin excretion (UAE) rates were 

measured from 24 hours urine collections on BN 

Prospec (Siemens Medical Solutions Diagnostics, 

Tarrytown, NY, USA). According to UAE, diabetic 

patients were subdivided into 23 patients without 

nephropathy (normoalbumiuric) and 27 with 

nephropathy (micro- or macroalbumiuric). Normo-, 

micro-, and macroalbumiuria were defined as UAE 
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<30, 30-300, and >300 mg/24 h. respectively (Sacks, 

2006). The two patients groups are matched for disease 

duration.  

Hypertension was defined by a systolic blood 

pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 

mmHg and/or by taking anti-hypertensive agents 

(Chobanian et al., 2003). Presence of ischemic heart 

disease (IHD) was recorded by previous history of 

angina or myocardial infarction. The presence of 

diabetic retinopathy was confirmed by 

ophthalmologists. Patients' clinical characteristics are 

summarized in table 1.  

Blood samples were taken from all the studied 

subjects. Aliquots of sera were stored at -20˚C for 

sRAGE determination. Measurement of serum glucose, 

creatinine, total cholesterol, triglycerides were done on 

ADVIA 1650 analyzer (Siemens). High density 

lipoprotein cholesterol (HDL-C) was determined using 

Elitech kit (Elitech Diagnostics, Sees, France) (Burstein 

et al., 1970). Low density lipoprotein-cholesterol 

(LDL-C) was calculated according to Friedewald's 

equation (Friedewald et al., 1972). Patients were 

considered dyslipidemic if they were taking lipid 

lowering agents and/or if serum cholesterol was >200 

mg/dl, LDL-cholesterol was > 130 mg/dl, and HDL-

cholesterol was < 40 mg/dl according to the criteria of 

National Cholesterol Education Program Expert Panel 

(2001). Glycated hemoglobin (HbA1c) was determined 

on EDTA blood using Biosystem kit (Barchelona, 

Spain).  

sRAGE were measured by sandwich ELISA 

technique using commercially available kit 

(Quantikine; R&D system, Minneapolis, MN, USA) 

according to the manufacturer's protocol. Intra-assay 

and inter-assay precision CV (%) ranges are 4.8-6.1 

and 6.7-8.2 respectively. The minimal detection 

concentration was 4.12 pg/ml.  

Table 1. Patients' Clinical Characteristics.  

Variables 
Diabetic Patients 

P value 
Without Nephropathy (n=23) With Nephropathy (n=27) 

Age (years) 45.9±6.3 (35-58) 46.96±6.4 (37-59) NS 

Sex (M/F)ª 13/10(56.5/43.5) 15/12(55.6/44.4) NS 

BMI (kg/m
2
) 26.2±3.1 (20.0-31.4) 25.8±4.6 (19.0-37.1) NS 

Diabetes duration (years) 15.6±1. 8 (13.1-19.4) 15.9±2. 0 (13.5-21.0) NS 

Hypertensionª 8(34.8) 16(59.3) NS 

Retinopathyª 5(21.7) 13(48.1) NS 

IHDª 2(8.7) 7(25.9) NS 

Neuropathyª 3(13.0) 5 (18.5) NS 

Micro/macroalbuminuria - 9/18(33.3/66.7)  

n= the numbers of subjects. Values are represented as mean ±SD (range), or n (%)ª.  
P>0.05 is not significant. NS= not significant 

 
-374 RAGE Genotyping  

Total genomic DNA was purified from buffy coat 

samples of EDTA blood using the E. Z. N. A. ™ Blood 

DNA Kit (Omega – biotek. Inc) as recommended by 

the manufacturer. Genomic DNA samples were stored 

at -20ºC until genotyping analysis. The A/T 

transversion polymorphism at position -374 in the 

promotor region of the RAGE gene was analyzed by 

PCR-restriction fragment length polymorphism (RFLP) 

method as previously described (Falcone et al, 2004). 

A 671-bp PCR fragment of the RAGE promoter region 

was amplified using the following primers: forward, 5'-

CCTGGGTTTAGTTGAGATTTTTT-3' and reverse, 

5'- GAAGGCACTTCCTCGGGTTCT-3'. PCR 

amplification of DNA was performed by puReTaq 

Ready- To- Go PCR Beads (Amersham Biosciences). 

Reactions were performed in a total volume of 25 µl 

containing 100 ng of template DNA, 25 pM of each 

primer (Operon Biotechnologies) in a tube containing 

one PCR bead [200 µM of each dNTP in 10 mM Tris - 

HCL (pH 9.0), 50 mM HCL and 1.5 mM MgCl2 and 

2.5 U Taq DNA polymerase]. The following 

temperature scheme was performed for the 

amplification using thermal cycler (Gene Amp, PCR 

system 9700) : a denaturing step of 94°C for 2 min, 

followed by 30 cycles of 94°C for 30 sec, 58°C for 30 

sec, 72°C for 1 min, and a final incubation at 72°C for 
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10 min. After amplification, the products were digested 

with Tsp509 I (New England Biolabs, Cambridge, MA, 

USA) at 65°C for 16 h, and were run on an ethidium-

bromide stained 3% agarose gel. Tsp509 I digestion of 

the 671-bp fragments were cut into five fragments of 

284, 217, 110, 44 and 16 bp (allele T) or four fragments 

of 327, 284, 44 and 16 bp (allele A) (figure1).  

Statistical Analysis 

Data were expressed as mean ± SD for quantitative 

variables, number and percentage for qualitative ones. 

ANOVA, t test, χ2, and Pearson correlation were used 

for analysis of results. Odds ratio (OR) and 95% 

confidence interval (CI) were performed to predict the 

effect of RAGE genotypes on development of diabetes 

and diabetic nephropathy. A P-value < 0.05 was 

considered significant. All statistical calculations were 

done using SPSS computer program (Statistical 

Package for the Social Science; SPSS Inc., Chicago, IL, 

USA) version 15 for the Microsoft Windows.  

 

 

    1       2    3      4    5      6      7       8 

Figure 1. Electrophoresis on 3% Agarose Gel of The -374 T/A RAGE Gene Polymorphism PCR Products. Lane 1:50 
bp DNA Ladder (Norgen Biotek), Lanes 3, 5, 6: TT Genotype, Lane 4: AA Genotype, and Lanes 2, 7, 8: TA 
Genotype.  

 

Results 

The laboratory investigations of the studied 

groups are presented in table 2. Diabetic 

groups had significantly higher fasting 

glucose, HbA1c, lower HDL-C than control 

group. Patients with diabetic nephropathy had 

significantly increased serum creatinine, total 

cholesterol, triglycerides, and LDL-C 

compared to those without nephropathy. 

sRAGE was significantly increased in diabetic 

patients without nephropathy compared to 

control groups, and in diabetic patients with 

nephropathy compared to those without 

nephropathy and control groups (P<0.001).  

On studying the correlation between 

sRAGE level and other studied laboratory 

parameters in diabetic patients, sRAGE was 

significantly correlated with HbA1c (P<0.01), 

serum creatinine (P<0.001), total cholesterol 

(P<0.001), triglycerides (<0.01), LDL-C 

(P<0.001), and UAE rate (P<0.001). Fasting 

glucose, HDL-C were not significantly 

correlated with sRAGE (P>0.05) (table 3). 

327 bp 
284  bp 

217 bp 

110 bp 

44 bp 

16 bp 
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Table 2. Laboratory Investigations of the Studied Groups.  

Variables 
Control group 

(n=20) 

Diabetic patients 

P value Without nephropathy 
(n=23) 

With nephropathy 
(n=27) 

Glucose(mg/dl) 
87.6±10.8* 

(70-100) 

169.5±42.5 

(98-281) 

160.0±41.2 

(102-256) 
<0.001 

HbA1c (%) 
4.9±0.54* 

(4.1-5.9) 

7.5±0.8 

(6.2-9.0) 

7.7±0.64 

(6.4-9.0) 
<0.001 

Creatinine(mg/dl) 
0.8±0.195 

(0.5-1.4) 

1.0±0.24* 

(0.6-1.4) 

1.5±0.35* 

(0.9-2.0) 
<0.001 

Total cholesterol(mg/dl) 
183.8±22.4 

(151-236) 

198.9±23.5 

(159-251) 

221.2±38.96* 

(161-298) 
<0.001 

Triglycerides(mg/dl) 
115.95±20.5 

(74-150) 

153.1±35.9* 

(96-211) 

183.0±43.1* 

(111-280) 
<0.001 

HDL-C (mg/dl) 
51.4±7.1* 

(42-67) 

44.3±4.5 

(35-51) 

46.1±5.5 

(35-55) 
<0.001 

LDL-C (mg/dl) 
108.7±15.7 

(85-130) 

124.5±20.98* 

(89-174) 

138.7±32.3* 

(80-195) 
<0.01 

sRAGE (pg/ml ) 
911.3±272.5 

(489-1303) 

1210.4±432.0* 

(616-1950) 

1452.0±475.2* 

(751-2450) 
<0.001 

n= the numbers of subjects.  

Values are represented as mean± SD (range). P<0.05 is significant. 

*Significantly different from other groups.  

Table 3. Correlation Between sRAGE Levels (pg/ml) and Other Studied Laboratory Variables in Diabetic Patients.  

Variables r P value 

Glucose (mg/dl) 0.09 NS 

HbA1c (%) 0.38 <0.01 

Creatinine (mg/dl) 0.72 <0.001 

Total cholesterol (mg/dl) 0.57 <0.001 

Triglycerides (mg/dl) 0.4 <0.01 

HDL-C (mg/dl) 0.12 NS 

LDL-C (mg/dl) 0.57 <0.001 

UAE rates (mg/24h) 0.69 <0.001 

P<0.05 is significant. NS= not significant 

 

Table 4 summarizes genotypes distribution 

and alleles frequencies of RAGE -374 T/A 

gene in the studied groups. Due to few 

numbers of cases with A/A genotype, T/A and 

A/A genotypes were considered as one group. 

A/A genotype was present in 4 patients with 

nephropathy, while it was absent in the other 

two groups. There were significant increase in 

T/A and A/A genotype and decrease in T/T 

genotype in diabetic patients with 

nephropathy compared to patients without 

nephropathy and controls. Patients with 
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nephropathy had significantly higher 

frequency of RAGE -374 A allele compared 

to patients without nephropathy and control 

groups. Genotype distribution and allele 

frequency were not significantly different 

between diabetic patients without 

nephropathy and control groups.  

There was no significant association 

between RAGE -374 T/A gene polymorphism 

and the risk of diabetes. The odds ratio of 

development of diabetes in individuals 

carrying RAGE -374 A allele was 2.2(95% CI 

0.69-6.99). There was significant increased 

risk of development of nephropathy in 

diabetic patients (OR 2.36 & 95% CI 1.1-5.6).  

The association between carrying RAGE -

374 A allele and other variables in diabetic 

patients are reported in table 5. Hypertension 

and increased creatinine concentration were 

associated with carrying RAGE -374 A allele 

in diabetic patients (P<0.05, P<0.001 

respectively). sRAGE was significantly 

increased in diabetic patients carrying A allele 

compared to non A carriers(P<0.001). While 

no significant association was found between 

carrying A allele and other variables in 

diabetic patients (P>0.05).  

Table 4. -374 T/A RAGE Genotype Distribution and Allele Frequencies in The Studied Groups.  

Variables 
Control group 

(n=20) 

Diabetic patients 

P value Without nephropathy  

(n=23) 

With nephropathy  

(n=27) 

Genotypes ª     

TT 15 (75) 12 (52.2) 8 (33.3)*  

TA/AA 5 (25) 11 (47.8) 19 (66.7) * <0. 01 

Allele frequencies     

T allele 0.88 0.67 0.57* <0.01 

A allele 0.12 0.33 0.43*  

n= the numbers of subjects. ªResults are represented as n (%).  

*Significantly different from other groups. P<0.05 is significant. 

Table 5. Association Between Carrying RAGE -374 A Allele and Other Variables in Diabetic Patients.  

Variable 
Non A- carriers 

(n=20) 

A- carriers 

(n=30) 
P value 

Hypertensionª 13 (65) 11 (36.7) <0.05 

Retinopathyª 6 (30) 12 (40) NS 

Neuropathyª 5(25) 3(10) NS 

IHDª 4(20) 3(10) NS 

Dyslipidemiaª 4(20) 2(6.7) NS 

HbA1c (%) 7.4±0.7 (6.4-8.9) 7.7±0.7 (6.2-9.0) NS 

Albuminuriaª 8(40) 19(63.3) NS 

Creatinine (mg/dl) 1.0±0.24 (0.6-1.4) 1.4±0.38 (0.7-2.0) <0.001 

sRAGE (pg/ml) 982.7±297.8 (616-1831) 1579.7±404.2 (981-2450) <0.001 

n=the numbers of subjects. Values are represented as mean± SD (range), or n(%)ª.  

P<0.05 is significant. NS= not significant 
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Discussion 

Several studies have provided evidence that 

RAGE may play a critical role in diabetic 

vascular complications. Our study reported 

significant increased sRAGE levels in diabetic 

groups compared to controls and in diabetic 

patients with nephropathy compared to those 

without nephropathy. These results are in 

accordance with previous studies 

demonstrating increased sRAGE levels in 

type 1 diabetes (Forbes et al., 2005; Challier 

et al., 2005) and type 2 diabetes (Nakamura et 

al., 2007b; Humpert et al., 2007; Nakamura et 

al., 2008;Gohda et al., 2008). The positive 

association of sRAGE with nephropathy was 

also previously reported (Gohda et al., 2008; 

Humpert et al., 2006; Humpert et al., 2007). 

We reported significant positive correlations 

of sRAGE levels with HbA1c, creatinine, UAE 

rate and atherogenic lipid profile in diabetic 

patients. Other studies reported positive 

correlation of sRAGE with albuminuria 

(Humpert et al., 2006; Humpert et al., 2007), 

and serum creatinine (Tan et al., 2006; 

Nakamura et al., 2007b). Hence, serum 

sRAGE levels might represent an early 

marker of microvascular dysfunction and 

diabetic nephropathy.  

In contrast, other studies reported 

decreased level of sRAGE in diabetic patients 

and its vascular complications. Plasma 

sRAGE consists of an endogenous splice 

variant of RAGE lacking the transmembrane 

domain of the receptor (esRAGE) (Yonekura 

et al., 2003) as well as proteolytically cleaved 

forms shed into the bloodstream by action of 

extracellular metalloproteinases (Hudson et 

al., 2005). The reasons for the contradictory 

findings reported above may be explained by 

the fact that different variants of sRAGE are 

detected by different assays used in different 

studies, namely the total pool of sRAGE or 

specifically esRAGE. It seems likely that 

sRAGE and esRAGE are distinct markers, 

may have different functions and therefore 

they are not inter-exchangeable (Nakamura et 

al., 2007b). We measured total sRAGE which 

is approximately four to fivefold higher than 

esRAGE (Katakami et al., 2005).  

This naturally occurring form of sRAGE, 

as well as artificially produced sRAGE, can 

potentially bind to an AGE ligand thereby 

acting as a decoy, preventing AGE–RAGE 

interaction and activation (Yonekura et al., 

2003). Although sRAGE has been an 

interesting subject of investigation under this 

suspected decoy function, it is very unlikely 

that sRAGE can act as such (i. e. by capturing 

and eliminating AGEs) because the sRAGE 

concentrations found in plasma are 

approximately 1,000 times lower than needed 

for efficient binding and elimination of AGEs 

(Humpert et al., 2007; Nakamura et al., 

2008). The increased levels of sRAGE in 

individuals with diabetic nephropathy seem 

not to sustain such a decoy function.  

Family clustering, apparent heterogeneity 

in the onset and progression of diabetic 

nephropathy in diabetes and the results of 

segregation studies indicate that genetic 

factors contribute to susceptibility to diabetic 

nephropathy (kankova et al., 2005). The 

AGE–RAGE pathway has been extensively 

studied in the context of diabetic vascular 

disease. Of the many RAGE gene 

polymorphisms that have been screened, -374 

T/A is considered important, since this 

polymorphism is reported to increase the 

RAGE gene transcript, which will augment 

increased AGE binding to cells and as a result 

lead to an altered signaling cascade (Hudson 

et al., 2001a). Our study reported significant 

increase in the frequency of RAGE -374 A 

allele (T/A and/or A/A genotypes) in diabetic 

patients with nephropathy compared to those 

without nephropathy and control groups. The 
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odds ratio of development of nephropathy in 

diabetic patients was 2.36.  

Association results from studies performed 

on the -374 T/A RAGE polymorphism have 

not been consistent between different 

populations. Lindholm et al. (2006) reported 

that the minor allele A was more frequent in 

type 1 diabetic patients than in non-diabetic 

control subjects and is a risk factor for 

diabetic nephropathy and sight threatening 

retinopathy in type 1 diabetic subjects. 

Ramprasad et al. (2007) observed association 

of the -374 A allele with the nonproliferative 

diabetic retinopathy, while the allele 

frequencies between the nondiabetic and 

diabetic groups were similar. Several other 

studies support the role of A allele as a risk 

factor against diabetic complications (Hudson 

et al., 2001a; Yamamoto et al., 2001; Wendt 

et al., 2003b). However, other studies have 

failed to demonstrate an association between 

this polymorphism and diabetic vascular 

complications (Ji Xiong et al., 2003; Hudson 

et al., 2001b).  

Our findings that the A allele was 

significantly associated with diabetic 

nephropathy conflicts with a study in Finnish 

type 1 diabetic patients, in whom the A/A 

genotype was protective in patients with high 

HbA1c (Pettersson-Fernholm et al., 2003). 

Similarly, studies on macrovascular disease in 

type 2 diabetic and in non-diabetic patients 

have shown a protective role of the A allele 

(Picheth et al., 2007; Falcone et al., 2004; 

Falcone et al., 2005; dos Santos et al., 2005). 

Differences in studies design and ethnic 

background may explain the differences 

observed in different studies. However, the A 

allele has shown to have a threefold increased 

transcriptional activity and it has been shown 

that overexpression of RAGE in a double 

transgenic diabetic mouse led to enhanced 

albuminuria, mesangial expansion and 

glomerulosclerosis (Yamamoto et al., 2001). 

It would therefore be plausible to expect that 

the A allele is more frequent in diabetic 

patients with complication than without 

complications. 

Our study revealed significant increase of 

sRAGE in diabetic patients carrying A allele 

compared to non A carriers. Hudson et al. 

(2001a) showed that –374 A mutation in the 

RAGE gene promoter led to an increase in its 

transcription in vitro, suggesting that carriers 

of the homozygous A/A genotype have 

increased RAGE expression. Nakamura et al. 

(2007a) suggested that circulating endogenous 

sRAGE reflects tissue RAGE expression. 

Thus, an increase in RAGE transcription due 

to the homozygous –374 A allele would 

considerably increase serum levels of sRAGE.  

Our study reported that hypertension and 

increased creatinine concentration were 

associated with A allele carrying in diabetic 

patients. Lindholm et al. (2006) reported the 

association with diabetic nephropathy was 

independent of metabolic control, blood 

pressure and other known risk factors. 

Proteinuria and decline of renal function are 

probably net results of a series of events 

implicated in the pathogenesis of diabetic 

nephropathy rather than relevant intermediate 

phenotype for the gene studied (Kankova et 

al., 2005).  

Diabetic nephropathy is characterized by 

abnormal deposits of matrix material in the 

glomerular mesangium, leading to 

glomerulosclerosis (Wautier & Guillausseau, 

2001). It has been shown that the activation of 

the AGE–RAGE axis could lead to 

glomerulosclerosis and glomerular 

hyperpermeability through the upregulation of 

vascular endothelial growth factor and/or 

transforming growth factor-β (Wendt et al., 

2003b). Other studies have found positive 

associations between sRAGE and markers of 

endothelial dysfunction and low grade 

inflammation (Nakamura et al., 2007a; 

Nakamura et al., 2008). The current view is 

that the activation of RAGE through ligand 



THE EGYPTIAN JOURNAL OF IMMUNOLOGY 103

binding results in activation and translocation 

of nuclear transcription factors and 

transcription of the target genes, including 

those for VCAM-1 (Harja et al., 2008), E-

selectin (Basta et al., 2002) and 

proinflammatory cytokines (Hofmann et al., 

1999). Interestingly, soluble RAGE itself 

might be capable of triggering inflammatory 

reactions via binding of Mac-1 and 

subsequent activation of NF-κB and thus 

contribute to the development of vascular 

complications (Pullerits et al., 2006).  

The gene encoding RAGE is located on 

chromosome 6 in the major histocompatibility 

complex, a region of the genome containing a 

number of inflammatory genes (Hudson and 

Schmidt, 2004). Because of the strong linkage 

disequilibrium between different HLA loci, it 

is possible that at least some of the 

associations found with the RAGE and 

diabetic complications may in fact be due to 

variations in other genes in the same region. A 

few but not all previous studies have shown 

an association between diabetic nephropathy 

or retinopathy and HLA genotype (Wong et 

al., 2002; Agardh et al., 2004). 

In conclusion, this study points to the 

possible role of sRAGE as a marker of early 

nephropathy in diabetic patients. Early testing 

for the -374 T/A allele may have merit in 

predicting risk of diabetic nephropathy later in 

life and available preventive measures could 

be most effectively and consistently targeted.  

Further studies on large number of subjects 

and other RAGE gene polymorphisms needed 

to be studied in this population to understand 

their impact on the onset and progression of 

diabetic nephropathy.  
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