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ABSTRACT 

 

CLINICAL SIGNIFICANCE OF SERUM sRAGE AND esRAGE IN WOMEN 

WITH PHYSIOLOGIC PREGNANCY AND PREECLAMPSIA 

 

Kwon Jae Hyun 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Kim Young Han) 

 

 

Endogenous secretory receptor of advanced glycation end products (esRAGE) and soluble 

RAGE (sRAGE) have been linked to components of metabolic syndromes and pathologic 

pregnancy including preeclampsia, negatively. We performed this study to determine serum 

esRAGE and sRAGE concentrations and the esRAGE/sRAGE ratio in physiologic pregnancy 

and preeclampsia. Eighty-seven normal pregnant women and 28 with preeclampsia were 

recruited. Serum sRAGE and esRAGE levels were measured by
 

enzyme-linked 

immunosorbent assay (ELISA). There were significant differences in esRAGE concentration 

and esRAGE/sRAGE ratio between 1
st
 and 3

rd
 trimester (p = .007 and p = .003). Serum 

esRAGE concentrations and esRAGE/sRAGE ratio in patients with preeclampsia 

significantly increased compared to controls (p = .012 and p = .018). Because of increased 

oxidative stress markers with inflammatory molecules throughout physiologic pregnancy, 

serum esRAGE concentration might be decreased inversely, as antioxidant defences 

mechanism. Elevated serum esRAGE and esRAGE/sRAGE ratio with preeclampsia might be 

a compensatory adaptation to neutralize oxidative stress.  

 

 

 

 



 

8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------- 

Key words : sRAGE, esRAGE, preeclampsia 



 

9 

 

<본문> 

Clinical significance of serum sRAGE and esRAGE in women with physiologic 

pregnancy and preeclampsia 

 

 

Jae Hyun Kwon 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

Directed by Professor Young Han Kim 
 

 

I. INTRODUCTION 

 

Advanced glycation end products (AGEs) are produced when aldose sugars respond to 

proteins with oxidative stress. They have reactive cross-linking molecules, produced by the 

non-enzymatical glycation of degrading sugars, lipids, or nucleic acids.
1-3

 AGEs levels are 

elevated in condition of oxidative stress including diabetes, rheumatoid arthritis or renal 

insufficiency.
4-6

 AGEs may induce the formation of oxidative stress, generation of growth 

factors or cytokines, chronic inflammation, and cell damage by binding to the receptor for 

advanced glycation end products (RAGE).
7,8

 RAGE is a multiligand cell-surface receptor 

molecule that was found in 1992 by Schmidt and Stern.
9
 RAGE contains an immunoglobin -

like V-type domain and two immunoglobin - like C-type domains, a short hydrophobic 

transmembrane region, and a highly-charged 43-amino acid cytosoplasmic tail.
 
Of these 

domains, the aminoterminal one (V-type domain) has been proven to be important for ligand 

formation, while the cytosolic region is critical in raising cellular effects once ligands hold 

the receptor.
10

 Besides full-length RAGE, some truncated types of the RAGE receptor have 

been investigated.
11,12

 First, one modified variant (N-truncated type) is free of the V-type 

immunoglobulin domain, however it is otherwise identical to full-length RAGE and is 

retained in the plasma membrane. Another variant, lacking cytosolic and transmembrane 

domains, is released from the cellular membrane and can be detected in blood stream as 
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soluble RAGE (sRAGE). Because sRAGE has been shown to successfully bind to AGEs, this 

soluble isoform could function as antagonist by inhibiting the action of cell-surface full-

length RAGE. Recently, among total soluble RAGE variants, a novel splice isoform of 

RAGE mRNA coding for a C- terminally truncated secretory form, endogenous secretory 

RAGE (esRAGE) was identified with their cytoprotective function against AGEs and 

demonstrated to be actually produced by human microvascular endothelials and pericytes, 

and liberated extracellulary.
13

 Other forms of soluble RAGE are proteolytically cleaved from 

the cellular surface by the action of matrix metalloproteinases and are released into the blood 

stream. Therefore, total circulating soluble RAGE is a sum of esRAGE and RAGE most 

likely shed upon fragmentation by metalloproteinases. Although recent studies have 

demonstrated the association between sRAGE or esRAGE levels and metabolic diseases, 

there is some inconsistency in results with respect to the relationship between RAGE variants 

and metabolic diseases.
14-17

  

Pregnancy has been shown to induce a significant elevation in RAGE protein in both 

myometrium and omental vasculature, which generates the aggregation of pathologic 

conditions by changing vascular cell function.
18

 Preeclampsia is represented by systemic and 

uteroplacental circulatory dysfunction which, by the third trimester, demonstrates as maternal 

hypertension.
19

 RAGE activation is connected with altering vascular cell function by 

promoting TNF α or controlling the vasodilator prostacyclin, and these changes are 

commonly observed in preeclampsia.
20

 Futhermore, significant differences of total circulating 

sRAGE levels in physiological pregnancy and in pathological states in pregnancy was 

demonstrated, recently.
21

 However, to date no study has been investigated whether the serum 

concentration of esRAGE or the proportion to total circulating sRAGE is altered according to 

the trimester of pregnancy and manifested in women with preeclampsia. 

Therefore, we performed this pilot study to determine serum esRAGE, sRAGE concentration 
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and the esRAGE/sRAGE ratio in physiologic pregnancy and to investigate whether they are 

altered in preeclampsia. 
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II. MATERIALS AND METHODS 

 

Participants 

Eighty-seven healthy pregnant women and 28 pregnant women with preeclampsia who gave 

live singleton births from September 2009 to February 2010 at the Department of Obstetrics 

and Gynecology of Yonsei University Health System were recruited. The criteria for 

inclusion were as follows: 1) well established gestational age confirmed by ultrasonography, 

2) nonsmoker, 3) normal response to glucose tolerance testing, 4) no labor, 5) no infection, 6) 

no family history of vascular diseases, and 7) no other medico-surgical illness. Healthy 

pregnant women with each trimester showed a good glycemic control and normal blood 

pressure throughout pregnancy. The diagnosis of preeclampsia was based on the definitions 

set by the American College of Obstetricians and Gynecologists.
22

 The diagnostic criteria for 

preeclampsia includes: 1) hypertension, defined as a blood pressure of 140 mm Hg systolic or 

higher or 90 mm Hg diastolic or higher and 2) proteinuria, defined as urinary excretion of 0.3 

g protein or higher in a 24-hour urine specimen. Severe preeclampsia was defined as the 

presence of hypertension and proteinuria after the 20th week of pregnancy; blood pressure 

elevation with a systolic blood pressure of 160 mm Hg or higher or a diastolic blood pressure 

of 110 mm Hg or higher; and proteinuria greater than 1000 mg per 24 hours or a reading of at 

least 3+ on a dipstick was considered significant. At least 2 consecutive positive 

measurements on urinalysis were required for diagnosis. Patients with chronic hypertension 

predating the pregnancy or before 20 weeks of gestation were excluded from the study. 

Gestational ages were confirmed by ultrasonographic examination before 20 weeks in all 

cases. Written informed consent was obtained from all participants and the protocol for this 

study was approved by the Yonsei institutional review board. 

Enzyme Linked Immunosorbent Assay 
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Blood samples were obtained from the peripheral vein of the arm of each woman. In women 

with second or third trimester, sampling was done at least 24 hours before a labor onset or 

cesarean section to eliminate the influence of labor or pain. In women with preeclampsia, 

sampling was done at the time of diagnosis, promptly. Blood samples were centrifuged 

immediately at 4000g for 10 minutes. Serum specimens were then frozen and kept at –70°C 

until the analysis. All laboratory determinations were carried out in a blinded fashion. 

Measurements were performed using commercially available ELISA kits (for sRAGE assay, 

BioVendor, Modrice, Czech Republic and esRAGE assay, B-Bridge International, Sunnyvale, 

California, USA). In these ELISA assays, we used the manufacturer’s instructions. For 

sRAGE, a polyclonal antibody against receptors were used to catch them. Trapped receptors 

were recognized by a antihuman receptor antibody. After washing, plates were incubated 

with streptavidin-horseradish peroxidase, developed with appropriate substrate, and OD450 

were settled using an ELISA plate reader. For esRAGE, samples and esRAGE antibody 

horseradish peroxidase conjugated are incubated in an anti-RAGE antibody coated plate. 

After incubation and washing, substrate is added. After incubation, the enzymatic reaction is 

stopped and the plates are measured at wavelength 450 nm. Measurements were conducted in 

duplicate and the results were averaged. The calculated inter-assay coefficients of 

variation(CVs) for sRAGE and esRAGE immunoassays in our laboratory were 7.9% and 

5.5%, respectively. Calculated intra-assay CVs for sRAGE and esRAGE were 5.3% and 

2.6%, respectively. 

Statistical Analysis 

Comparisons between 2 groups were performed using Independent two sample t tests or 

Mann-Whitney rank-sum tests as appropriate. Multiple comparison procedures were 

performed using one-way or Kruskal-Wallis analysis of variance (ANOVA) followed by 

Bonferrony post-hoc comparisons as appropriate. Relationships between variables were 
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explored using Pearson’s product moment. A p value <0.05 was considered statistically 

significant. All computations were performed using SPSS software version 18.0 (Chicago, 

USA). 
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III. RESULTS 

 

Characteristics of Study Groups 

Table 1 displays the demographic and clinical characteristics of 28 women with preeclampsia 

and 87 with physiologic pregnancy. Significant differences were observed in gestational age, 

cholesterol and creatinine level at the time of serum sampling between the two groups of 

pregnant women. As expected, blood pressures were significantly higher in the preeclamptic 

women than in the controls. By contrast, women with preeclampsia had significantly lower 

Apgar score, baby birth weight and higher cesarean section rate compared to healthy pregnant 

women.  
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Table 1. General characteristics 

 Healthy pregnant Preeclampsia p 

Number  87 (75.7%)  28 (24.3%)   

Age (years)  32.4 ± 3.5  32.3 ± 3.4  .890  

Body mass index (kg/m2)  25.7 ± 3.7  27.3 ± 3.5  .076  

Systolic blood pressure (mmHg)  115.2 ± 10.3  158.6 ± 16.1  <.001  

Diastolic blood pressure (mmHg)  71.3 ± 9.0  98.7 ± 10.3  <.001  

Gestational age at sampling (days)   174.2 ± 90.5  230.0 ± 41.2  <.001  

1st trimester  23  0   

2nd trimester  25  7   

3rd trimester  39  21   

Hematocrit (%)  36.8 ± 6.5  36.1 ± 3.7  .470  

Platelet (1000/mm3)  235.7 ± 65.6  221.8 ± 71.1  .350  

Cholesterol (mg/dL)  215.0 ± 66.8  279.2 ± 69.6  .001  

Serum Creatinine (mg/dL)  0.6 ± 0.1  0.8 ± 0.2  .001  

Urine Protein (Dipstick) (%)  0  87 (100.0%)  0 (0.0%)  <.001  

1+,2+  0  22 (100.0%)  

3+,4+  0  6 (100.0 %)  

Parity (%)  0  44 (73.3%)  16 (26.7 %)  .331  

1  31 (73.8%)  11 (26.2 %)  

2  12 (92.3%)  1 (7.7%)  

 

Values for mean ± standard deviation or the number and percentage of patients are shown. 

Parameters were analyzed by independent two sample t-test. 
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Serum sRAGE, esRAGE Concentration and esRAGE/sRAGE Ratio in Physiologic 

Pregnancy  

Serum esRAGE concentration and esRAGE/sRAGE ratio in 87 healthy pregnant women 

decreased during pregnancy (Figure 1A and B). There were significant differences in 

esRAGE concentration and esRAGE/sRAGE ratio between the 1
st
 and 3

rd
 trimester 

(156.4±70.3 pg/mL vs. 103.9±89.6 pg/mL and 0.60±0.39 vs. 0.24±0.18). Serum sRAGE 

concentration in healthy pregnant women varies during the pregnancy (Figure 1A). sRAGE 

serum concentration in the 2
nd

 trimester increased compared to serum sRAGE levels in the 1
st
 

and 3
rd 

trimester, but there was no significant difference. 
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Figure 1. Serum sRAGE and esRAGE concentration (A) with esRAGEsRAGE ratio (B) 

in 1st, 2nd and 3rd trimester of physiologic pregnancy. 
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Serum sRAGE, esRAGE Concentration and esRAGE/sRAGE Ratio in Women with 

Preeclampsia Compared to Healthy Pregnant 

The results of univariate and multivariate regression analysis of the characteristics associated 

with RAGE variants in all participants are shown in Table 2. Factors including gestational age 

and pregnancy with preeclampsia ( p < 0.02 ) were entered into multivariate analysis. These 2 

factors were the independent determinants of esRAGE concentration and esRAGE/sRAGE 

ratio. The serum esRAGE concentration in patients with preeclampsia significantly increased 

compared to healthy pregnant controls (211.9±183.1 pg/mL vs. 130.6±91.4 pg/mL, Figure 

2A). Preeclamptic women had a significantly higher esRAGE/sRAGE ratio than the controls 

(0.60±0.48 vs. 0.40±0.45, Figure 2B). We did not find any differences in sRAGE 

concentration between physiologic pregnancy and preeclampsia (Figure 2A ).  
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Table 2. Univariate and multivariate regression analysis of the factors associated with 

serum esRAGE and esRAGE/sRAGE ratio 

 

Figure 2. Serum 

sRAGE and 

esRAGE 

concentration (A) 

with 

esRAGEsRAGE 

ratio (B) in 

physiologic 

pregnancy and 

preeclampsia 

 

 esRAGE 

 Univariate analysis Multivariate analysis 

 coefficient p coefficient p 

Age(years)  -0.337  0.921    

Gestational Age (days)  -0.200  0.147  -0.501  0.023  

Body mass index (kg/m2)  -4.614  0.301    

Cholesterol 
(mg/dl)  

 0.277  0.321    

Creatinine 

(mg/dl)  

135.866  0.170  46.038  0.648  

Healthy pregnancy vs. 

Preeclampsia  

 81.249  0.031  173.544  0.012  

 esRAGE/sRAGE ratio 

 Univariate analysis Multivariate analysis 

 coefficient p coefficient p 

Age(years)   0.011  0.361    

Gestational Age (days)  -0.001  0.071  -0.002  0.006  

Body mass index (kg/m2)  -0.011  0.551    

Cholesterol 
(mg/dl)  

-0.001  0.838    

Creatinine 

(mg/dl)  

 0.186  0.478    

Healthy pregnancy vs. 

Preeclampsia  

 0.201  0.047   0.253  0.018  
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IV. DISCUSSION 

 

The major findings of this study are as follows. Maternal serum esRAGE concentration and 

esRAGE/sRAGE ratio: (1) gradually decrease with gestational age in physiologic pregnancy; 

and (2) are higher in patients with preeclampsia than healthy pregnant controls, significantly. 

By bonding to AGEs, RAGE can provoke acute cellular Injury via activation of signal 

transduction and modulation of gene expression.
23-25

 Several variants may arise from 

alternative truncated forms of RAGE.
26

 The C-truncated variant is thought to be worthy of 

notice due to its potential significance in RAGE-mediated diseases. This isoform has been 

demonstrated to be released extracellularly as esRAGE and can be found in human sera. 

However, Geroldi et al.
27

 suggested that esRAGE may not stand for the entire pool of soluble 

isoforms of RAGE that is located in the serum, because it is possible that some RAGE 

isoforms may be derived from proteolytic cleavage from the native membranous receptor by 

metalloproteinases. This hypothesis was initially described as occurring in mice
 
and lots of 

studies have observed that RAGE signaling is blocked by a soluble cleaved form of the 

RAGE receptor titled sRAGE, which binds AGEs and restrict AGE effects.
28,29

 Currently, 

several studies have reported a relationship between RAGE variants and metabolic disorders 

including diabetes, hypertension and atherosclerosis.
30-32

  

In this study, we demonstrated alterations in serum esRAGE concentrations throughout 

physiologic pregnancy. With pregnancy, oxidative stress is predicted because of an increased 

oxygen requirement and high energy demand.
33

 Measurements of markers of oxidative stress 

in maternal blood and urine explain that pregnancy is a condition of oxidative stress due to 

the high metabolic activity.
34,35 

Some reports have demonstrated the increased oxidative 

stress markers in physiological pregnancy
 
along with inflammatory molecules.

36,37
 Activation 

of RAGE on endothelium, phagocytes, and lymphocytes triggers cellular activation with 
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generation of proinflammatory mediators.
38

 Because of increased oxidative stress markers 

with inflammatory molecules throughout physiologic pregnancy, serum esRAGE 

concentration might be decreased inversely, as antioxidant defences mechanism. Similarly, 

Palm et al.
39

 also reported that lipid-adjusted antioxidants, α- and γ-tocopherol, decreased 

with advancing gestational age in response to increased oxidative stress in vivo during 

pregnancy.  

Our data also showed that the serum esRAGE concentrations were significantly elevated in 

preeclamptic women compared to healthy pregnant women. Oxidative stress in the placenta 

and maternal vascular system has been implicated as pathophysiological features of 

preeclampsia.
40

 Therefore, elevated serum esRAGE concentrations in preeclampsia might be 

explained by the compensatory adaptation to neutralize increased oxidative stress including 

AGE-RAGE interaction. This hypothesis is supported by paper of Gohda et. al
41

 that serum 

esRAGE levels may reflect tissue RAGE expression and be up-regulated as a countermeasure 

to prevent cell damage by AGEs. Also, western blotting revealed that the levels of AGEs and 

RAGE in preeclamptic placenta were significantly higher than that in normal placenta, 

previously.
42

 The observed positive association between esRAGE and preeclampsia is in 

agreement with earlier studies. Fasshauer et al.
43

 demonstrated that that maternal serum 

esRAGE concentrations are significantly increased in 16 patients with preeclampsia 

compared to 20 healthy pregnant women. In the present study, the association between 

esRAGE and preeclampsia is supported by parametric statistical analysis with adequate 

sample size calculation. Futhermore, this is the first study dealing with the proportion of 

serum esRAGE to total circulating soluble RAGE in normal pregnancy and preeclampsia.  

Interestingly, we could not find any significant changes of serum total sRAGE concentration 

throughout normal pregnancy. In addition, we could not detect any correlation of sRAGE 

concentration with preeclampsia. Previously, Germanova et al.
21 

demonstrated that raising 
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serum total sRAGE concentration up to peak, which occurs in about the 24
th

-26
th

 weeks of 

pregnancy, due to overproduction and up–regulation of these RAGE variants in 

proinflammatory circumstances. They reported that patients with gestational hypertension or 

preeclampsia had significantly higher sRAGE levels compared to healthy pregnant women. 

The reasons for these discrepancies are not clear but may be explained by differences in the 

backgrounds of RAGE variants. In fact, serum total soluble RAGE levels, measured by 

ELISA, actually detect not only native endogenous secretary RAGE isoforms, but also the 

amount of soluble RAGE that probably results from the cleavage of the cell-surface receptor 

by metalloproteinases. The inverse association between levels of sRAGE and disease risk has 

been demonstrated in metabolic diseases including nephropathy and atherosclerosis, 

previously.
44,45

 However, recently, several studies have explored the association between 

sRAGE and pathologic pregnancy and have drawn different conclusions.
46,47 

On the other 

hand, esRAGE has been considered to reflect homogenously the cleaved-type native soluble 

RAGE, without the effect of metalloproteinases. Although the number of the subjects in this 

study was relatively not large, our findings suggest that the endogenous action of sRAGE and 

esRAGE remain unknown and it is possible that these receptors have different roles in 

physiologic pregnancy or preeclampsia. Our data are in line with previous reports that 

circulating sRAGE and esRAGE levels may be under the control of different mechanisms 

and it is likely that circulating sRAGE and esRAGE levels are distinct markers.
48

 Therefore, 

insignificant changes of serum sRAGE in physiologic and pathologic pregnancy in our study 

suggests that sRAGE acting as a potential biological marker for oxidative stress in pregnancy 

needs more supports of laboratory evidences. To date, no study has been investigated to 

compare head-to-head the value of total circulating soluble RAGE versus esRAGE, 

simultaneously. This is the first comparative study of sRAGE and esRAGE as markers of 

preeclampsia. Although it is not certain whether upregulation of serum esRAGE in 
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preeclampsia is a cause or consequence of this disorder, increased esRAGE and 

esRAGE/sRAGE ratio may be predictive markers for preeclampsia. Here, it remains to be 

determined to how circulating esRAGE concentration is regulated during normal and 

complicated pregnancy. 

Some limitations should be considered in this study. First, we could not measure the levels of 

RAGE variants from each subject continuously throughout pregnancy before and after the 

development of preeclampsia. Second, it was not a population-based study. The sample size 

was not large enough to make definitive conclusions. Third, we did not divide the subjects by 

severity of preeclampsia due to the restricted number of patients.  
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V. CONCLUSION 

 

In conclusion, we showed that serum esRAGE concentrations and the esRAGE/sRAGE ratio 

were significantly decreased throughout physiologic pregnancy, for the first time. Moreover, 

we demonstrated that the esRAGE and esRAGE/sRAGE ratio may be considered an 

important mechanism in developing preeclampsia. Further studies with a larger sample size 

are warranted to prove the significance of RAGE variants.  
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ABSTRACT(IN KOREAN) 

 

정상 임신 및 전자간증에서의 sRAGE 와 esRAGE 의  

임상적 유용성 

 

< 지도교수    김영한 >   

 

연세대학교 대학원 의학과 

 

권재현 

 

 

Endogenous secretory receptor of advanced glycation end products (esRAGE) 와 soluble 

RAGE (sRAGE) 는 대사 증후군의 한 요소이며 전자간증과도 연관되어 있다고 알

려져 있다. 본 연구에서는 정상 임신과 전자간증 산모에서의 혈청 내 esRAGE 와 

sRAGE 농도 및 esRAGE/sRAGE 비를 알아내고자 하였다. 87명의 정상 산모와 28

명의 전자간증 산모를 대상으로 ELISA 법을 이용하여 혈청 내 sRAGE 와 

esRAGE 농도를 조사하였다. 정상 산모에서 1분기와 3분기 사이에는 esRAGE 농

도 및 sRAGE/sRAGE 비의 유의한 차이가 있었다. (p = .007 and p = .003). 전자간증 

산모에서 혈청 내 esRAGE 농도와 esRAGE/sRAGE 비는 정상 산모와 비교하여 유

의하게 증가하였다. (p = .012 and p = .018). 정상 임신에서의 증가된 oxidative stress 

markers with inflammatory molecules 로 인하여 혈청 내 esRAGE 농도는 antioxidant 

defences mechanism 으로 작용하여 역으로 감소하는 것을 추정해 볼 수 있다. 전자

간증 산모에서 증가된 혈청 내 esRAGE 및 esRAGE/sRAGE 비율은 oxidative stress

에 대한  compensatory adaptation 으로 해석된다.  
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