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Abstract
Background: Soluble receptor of advanced glycation end-products (sRAGE) is widely expressed in various organs in-
cluding male genital tract and spermatozoa. Their regulation depends on many simultaneous conditions that may occur. 
Male fertility is a multifactorial condition which is influenced by various parameters, some of which are detrimental to 
the spermatozoa. The aim of this study was to detect possible differences in sRAGE concentrations between serum and 
seminal plasma of infertile men, compared to fertile men population.
Methods: Seventy-five men were included in the study and divided into three groups: a group of fertile controls (age 
34.8 ± 4.6 years, n =12) and two groups of men from infertile couples (age 36.1 ± 5.2 years) with normal (NS, n =10) and 
abnormal (AS, n =53) semen parameters, respectively. sRAGE was measured by ELISA in serum, and seminal plasma 
samples of all participants and biochemical, hormonal examinations, as well as anthropometric characteristics, were co-
evaluated. Data were statistically analyzed using the chi-square test and the independent samples t-test. A two-tailed p 
<0.05 was considered significant.
Results: Serum sRAGE levels of fertile men were higher than those of men of infertile couples with AS or NS semen 
parameters (2,061 ± 884 pg/ml vs 1,673 ± 613 pg/ml and 1,411 ± 405 pg/ml, respectively; p <0.058). Seminal plasma 
sRAGE levels in fertile men were similar to the ones measured in both groups of men from infertile couples AS and NS 
(327 ± 81 pg/ml vs 322 ± 162 – 413 ± 207 pg/ml; p =0.197). Interestingly, the seminal plasma sRAGE levels in those 
three groups were significantly lower than the corresponding serum sRAGE levels (p <0.001). 
Conclusion: Serum and seminal plasma sRAGE concentrations seem to show variations worth considering between 
fertile and infertile men. Moreover, further research is required to elucidate the role of the sRAGEs and oxidative stress 
in male infertility. HIPPOKRATIA 2017, 21(1): 19-24. 
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Introduction
The World Health Organization (WHO) defines infer-

tility as the inability to conceive a child after one year of 
regular, unprotected intercourse1. Approximately 50 % of 
cases of infertility can be related to male factors, exclu-
sively or partially2. Semen analysis is a pivotal examina-
tion for the initial diagnostic approach of male infertility3. 

Advanced Glycation End-products (AGEs) are 
formed when a free carbonyl group of a carbohydrate 
binds to an amino group of a protein, lipid or nucleic acid 
in a non-enzymatic way (Maillard reaction)4. The result 
is the formation of a reversible Schiff base (aldimine), 

which in turn produces Amadori glycated proteins (Fig-
ure 1). The latter can be irreversibly rearranged into AGEs 
by a fast (days to weeks) or a slow (weeks to months) 
pathway5-7. Alternative pathways of AGE formation are 
the Namiki and Wolff pathways8. Best studied AGEs are 
Nε-carboxyethyl lysine (CEL), arginine pyrimidine, pen-
tosidine, pyrraline, methylglyoxal (MG), glyoxal lysine, 
3-deoxyglucosone (3-DG) and Nε-carboxymethyl lysine 
(CML)9. The contributing factors for AGE formation are 
the amount of proteins available for glycoxidation, the 
degree of hyperglycemia in terms of duration and patho-
logical value, and the level of the oxidant stress in the 
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environment. AGEs can also be formed in the process of 
normal aging due to cellular apoptosis10 or by leukocytes 
in semen even within WHO normal values11. 

The association of AGEs with diabetes mellitus (DM) 
is well established12,13. Formation of AGEs promotes ac-
tivation of signaling pathways via cell surface receptors, 
the most common being the receptor for AGEs (RAG-
Es)14. AGE - RAGE interaction induces NADPH oxidase 
and production of reactive oxygen (ROS) and nitrogen 
species. This cascade results in further AGE formation, 
especially if the kidney function is impaired15, establish-
ing a vicious circle16. Of particular interest are the sol-
uble forms of RAGE (sRAGE): cRAGE (cleaved) and 
esRAGE (endogenous secretory) isoforms17 that act as a 
decoy to prevent the AGE-RAGE interaction18. The hy-
perglycemic environment in DM produces AGE-related 
mediators that may result in macro- and microvascular 
complications, such as diabetic retinopathy, cataract, ath-
erosclerosis, nephropathy, neuropathy, embryopathy, and 
impaired wound healing13,19,20. Although AGEs have been 
examined in the field of female infertility, especially in 
polycystic ovary syndrome (PCOS)21 and AGE-induced 
inflammation22, little is known about the possible asso-
ciation of AGEs and RAGEs with male infertility, in pa-
tients without diabetes23 or infection. It has been reported 
that AGEs inhibit testosterone production and secretion 
by Leydig cells by inducing the production of ROS. Such 
toxic activity may affect fertility24,25. The aim of the cur-
rent study was to detect possible differences in serum and 
seminal sRAGEs concentrations in men with infertility in 
comparison with a fertile population. 

Methods
Patient characteristics and clinical samples        

Between October 2009 and May 2012, a total of 76 
men were enrolled in this study from the outpatient unit 
of reproductive endocrinology of the First Department 
of Obstetrics and Gynecology of Papageorgiou General 
Hospital. Men from infertile couples aged 27-51 years 
(mean ± standard deviation: 36.1 ± 5.2) were divided into 
two groups with normal (NS, n =10) or abnormal (AS, 
n =53) semen parameters. The controls were fertile men 
aged 28-45 years (34.8 ± 4.6; n =12). One man from in-
fertile couple was excluded from the statistical analysis 
as semen analysis couldn’t be conducted to his sample. 
Sixty-three out of seventy-five participants who were in-
cluded in the statistical analysis, originated from infertile 

couples. Exclusion criteria for all groups were: i) infec-
tion with fever during the preceding three months and 
ii) use of antibiotics during the same period. Inclusion 
criteria for men of infertile couples were: i) not being 
able to conceive after 12 months of unprotected sexual 
intercourses1 and ii) willing to investigate their fertility 
status. Inclusion criteria for control men were: i) proven 
fertility (pregnant woman within the previous 12 months 
by spontaneous conception) and ii) normal semen param-
eters. All assessed men provided written consent. The 
study was approved by the Bioethics Committee of the 
Faculty of Medicine, Aristotle University of Thessaloni-
ki, Greece (No 230, 27/08/2016).

Experimental procedures
Based on the standard semen analysis of the two sam-

ples they provided, each male participant from infertile 
couples was categorized into one of the following two 
groups: Normal semen (NS) men and abnormal semen 
(AS) men with at least one pathological parameter in the 
three basic categories of semen analysis, e.g., concen-
tration, motility, and morphology. Medical history (per-
sonal history, family history, lifestyle, occupational and 
environmental hazards, substance abuse) was recorded, 
and physical examination (anthropometric parameters, 
examination of genitalia) was performed in all partici-
pants. Men from infertile couples were asked additional 
questions regarding the duration of their infertility, the 
existence or not of a previous pregnancy, the frequency 
of sexual intercourses, as well as the wife’s age. The co-
existence of medical conditions that could affect male 
fertility status either directly or indirectly (urogenital 
infections, varicocele, cryptorchidism, mumps, thyroid, 
pituitary and adrenal diseases, chronic respiratory, kidney 
and liver diseases, cystic fibrosis, tuberculosis, neuro-
logical diseases, arterial hypertension, and medications) 
were considered. We also took into account the existence 
of DM in every participant as well as in his family medi-
cal history. Lifestyle, work conditions, and habits were 
thoroughly discussed (smoking, excessive consumption 
of alcohol, diet, physical fitness, exercise, adequate rest, 
stress, nature of work,  excessive exposure to radiation, 
workplace and residence).

Semen samples were collected by masturbation after 
a period of sexual abstinence of three to four days. Lique-
faction of each sample was achieved on a laboratory rota-
tor for up to 1h at 37 oC. Once liquefaction was achieved, 

Figure 1. Formation of advanced glycation end products (AGEs).
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standard semen analysis was performed according to the 
WHO 2010 manual3 by the same microbiologist, who 
was specifically trained for this purpose. Semen analy-
sis consisted of macroscopic analysis (liquefaction, vol-
ume, pH, viscosity), microscopic analysis (sperm con-
centration, motility, vitality) and preparation of stained 
Papanicolaou smears for evaluation of morphology and 
leukocyte concentration. All assessments were carried 
out in duplicates. Sperm and serum samples were kept 
and centrifuged in order to measure sRAGE. Also, blood 
sampling was performed to test for glycosylated hemo-
globin, biochemical, and hormonal parameters.

Seminal plasma samples were separated by centrifuga-
tion at 1,000 g for 10 min and kept at -60oC, to be used 
for the assessment of sRAGE. sRAGE levels were also 
measured in blood serum of each participant. Both seminal 
and serum total sRAGE concentrations were determined 
by enzyme-linked immunosorbent assay (ELISA; R&D 
Systems, Minneapolis, MN, USA), in duplicate measure-
ments. The reference range was 382 - 4,329 pg/ml (mean 
± standard deviation: 1,655 ± 693 pg/ml) for the seminal 
plasma sRAGE and 368 - 4,354 pg/ml (1,794 ± 755 pg/ml) 
for the serum sRAGE. Inter-assay and intra-assay co-effi-
cient of variations of the sRAGE ELISA were 8.3 % and 
5.5 %, respectively. The minimum detectable dose (MDD) 
of human RAGE ranged from 1.23 - 16.14 pg/ml.

In every participant, glycosylated hemoglobin 1c 
(HbA1c) was measured by HA-8160 HPLC analyzer 
(Arkray Inc., Kyoto, Japan). Also, high-density lipopro-
tein (HDL)-cholesterol, low-density lipoprotein (LDL)-
cholesterol, total cholesterol, and triglycerides were eval-
uated by Architect c16000 clinical chemistry photometric 
analyzer (Abbott, IL, USA). Additionally, hormonal pro-
files, including follicular stimulating hormone (FSH), lu-
teinizing hormone (LH), prolactin, sex-hormone binding 
globulin (SHBG), thyroid stimulating hormone (TSH), 
and total testosterone were determined by Advia Centaur 
XP immunoassay system for multiple sample analyses 
(Siemens, Dublin, Ireland).

Statistical analysis 
All data were analyzed with the Statistical Package 

for the Social Sciences (SPSS) for Windows, Version 
17.0 (SPSS Inc., Chicago, IL, USA). Data are presented 
as percentages for categorical variables and mean and 
standard deviation for continuous variables. Differences 
in categorical and continuous variables between groups 
were assessed with the chi-square test and the independ-
ent samples t-test, respectively. In all cases, a two-tailed 
p <0.05 was considered significant.

Results
There were no differences between fertile and infer-

tile AS men regarding clinical history, family history of 
diabetes, smoking status, diet habits, exercise habits, ac-
companying diseases or exposure to radiation, or other 
occupational hazards. As expected, there were significant 
differences between infertile AS and fertile groups, in 
the majority of semen parameters (Table 1; p <0.001). 
Further classification of the type of infertility according 
to semen parameters depicts the presence of pathological 
morphology mostly combined with another pathological 
semen parameter (Table 2).

Serum sRAGE concentrations were higher in fertile 
men as opposed to the overall group of men from infertile 
couples (AS + NS) (Table 3). Seminal plasma sRAGE 
concentrations in fertile men were similar to those of NS 
men from infertile couples but lower than those of infer-
tile AS men. In all groups of studied men (fertile, NS, 
AS), serum concentrations of sRAGE were significantly 
higher compared to seminal plasma sRAGE (Table 3; 
p <0.001). Seminal sRAGE concentrations were nega-
tively correlated with HbA1c with marginal significance 
(r =-0.265, p =0.053). No other correlation was detected 
between serum or seminal sRAGE concentrations and 
any other hormonal, metabolic or seminal parameters 
(Table 4). 

Table 1: Semen parameters in fertile, infertile with at least one abnormal semen parameter (concentration, motility, morphol-
ogy) (AS group) and men from infertile couples with normal semen parameters (NS group).

AS group NS group Fertile p value
(overall)

p value
(AS vs 
fertile)

p value
(NS vs 
fertile)

p value
(AS vs 

NS)
Number of men 53 10 12
Sperm concentration (106/ml) 24 ± 58 81 ± 64 91 ± 35 <0.001 <0.001 0.971 0.012
Total sperm concentration 
(106/ejaculate) 64 ± 110 352 ± 327 315 ± 150 <0.001 <0.001 0.931 <0.001

Total motility (a + b + c) (%) 34.8 ± 21.9 61.5 ± 10.8 64.7 ± 7.1 <0.001 <0.001 0.973 <0.001
Progressive motility (a + b) (%) 15.1 ± 12.4 41.9 ± 7.5 34.4 ± 14.3 <0.001 <0.001 0.402 <0.001
Immotile sperm (d) (%) 59.8 ± 18.4 38.5 ± 10.8 35.3 ± 7.1 <0.001 <0.001 0.956 <0.001
Normal morphology (%) 3.2 ± 1.9 5.8 ± 0.9 5.5 ± 1.0 <0.001 <0.001 0.964 <0.001
Leukocytes (/100 sperm) 12.3 ± 23.9 3.6 ± 3.4 0.8 ± 0.9 0.145 0.220 0.983 0.513
Spermatids (/100 sperm) 6.9 ± 10.6 5.5 ± 5.0 1.3 ± 1.3 0.168 0.169 0.620 0.959
MAI 1.9 ± 0.2 1.9 ± 0.3 1.8 ± 0.1 0.167 0.171 0.501 0.994

AS: men with infertility and abnormal semen parameters, MAI: multiple anomaly index, NS: men from infertile couples with normal semen parameters, 
Types of motility: Progressive (a-very rapid, and b-rapid) motility, Non-progressive motility (c-not rapid motility), Total motility =sum of a+b+c.
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Table 2: Types of infertility in the group of men with infertility and abnormal semen parameters (AS group), according to 
semen parameters.

Categories Group size (n) Group size (%)
Oligo- zoospermia
(sperm concentration <106/ml) 1 1.9
Astheno- zoospermia 
(progressive motility <32%) 9 16.9
Terato- zoospermia 
(normal morphology <4%) 1 1.9
Combined category 1
(astheno- and terato- zoospermia) 20 37.7
Combined category 2
(oligo- and astheno- zoospermia) 1 1.9
Combined category 3
(oligo- and terato- zoospermia) 0 0
Combined category 4
(oligo-, astheno- and terato- zoospermia) 21 39.6

Definitions of categories are given in parentheses above, AS: men with infertility and abnormal semen parameters.

Table 3: Serum and seminal plasma soluble receptor of advanced glycation end-products (sRAGE) concentrations and cor-
relations in studied men.

Fertile
All men of 

infertile 
couples

 (NS + AS)

p value           
(Fertile vs 
NS + AS)

NS men of 
infertile 
couples

Infertile 
AS men

p value 
(Fertile 
vs NS)

p value 
(Fertile 
vs AS)

Number of men 12 63 10 53
Serum sRAGE 
(pg/ml) 2,061 ± 884 1,631 ± 590 0.037 1,411 ± 405 1,673 ± 613 0.045 0.074
Seminal plasma 
sRAGE (pg/ml) 327 ± 81 398 ± 202 0.049 322 ± 162 413 ± 207 0.925 0.027

Ratio 6.5 ± 2.9 5.2 ± 3.9 0.284 5.9 ± 4.9 5.1 ± 3.7 0.702 0.222
p value 
(serum vs. seminal 
plasma sRAGE)

<0.001 <0.001 <0.001 <0.001

sRAGE: soluble receptor of advanced glycation end-products, NS: men of infertile couples with normal semen parameters, AS: men with 
infertility and abnormal semen parameters.

Table 4: Correlation among soluble receptor of advanced 
glycation end-products (sRAGE) concentrations in serum 
and seminal plasma and main hormonal, metabolic and semi-
nal parameters in all studied men (n =75). 

Serum
sRAGE

Seminal 
plasma
sRAGE

FSH r =-0.005 r =-0.119
p =0.971 p =0.367

HbA1c
r =-0.157 r =-0.265
p =0.244 p =0.053

LDL-cholesterol r =0.085 r =-0.093
p =0.507 p =0.485

Sperm concentration 
(106/ml)

r =-0.167 r =-0.050

p =0.193 p =0.705

Progressive motility 
(a + b)

r =-0.123 r =-0.132
p =0.344 p =0.320

Total functional 
fraction

r =-0.164 r =-0.168
p =0.223 p =0.221

FSH: follicle stimulating hormone, HbA1c: glycosylated hemoglobin 
1c, LDL: low-density lipoprotein, Progressive (a-very rapid, and b-
rapid) motility, Total functional fraction was calculated as seminal 
volume (ml) x sperm concentration (106/ml) x progressive motility 
(a + b) (%) x sperm normal morphology (%) / 10,000.

Discussion
The main purpose of this study was to detect possi-

ble differences in seminal plasma and/or serum sRAGEs 
concentrations in infertile men as compared to fertile 
men population. In particular, we measured the sRAGE 
levels in men who were either normozoospermic or had 
abnormalities in parameters of their sperm analysis. Al-
though there is a plethora of studies in the literature on 
soluble sRAGE measurements with ELISA, the source 
of clinical samples in those studies were either blood se-
rum alone or seminal plasma whereas their study popu-
lation was only men with DM26,27. As sRAGE products 
are widely expressed in various organs including male 
genital tract and spermatozoa, in an attempt to gain ad-
ditional information on the multifaceted roles of sRAGE 
we investigated the probable relation of sRAGE to non-
diabetic infertile individuals. 

sRAGE is the secretory splice isoform of RAGE, 
and its concentration is proportional to the RAGE con-
centration found in biological fluids28. Mallidis et al lo-
calized AGE and RAGE in the male genital tract (testis 
and epididymis) and showed that the local production of 
AGEs/RAGEs in seminal plasma is possibly related to 
normal or pathologic causes29. Due to the role of sRAGE 
as a decoy to prevent the AGE-RAGE interaction18, quan-
titative measurement of sRAGE has been associated with 
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a variety of clinical applications as a marker in several 
RAGE-mediated disorders. Clinical studies have evalu-
ated the importance of sRAGE as a biomarker linked to 
diseases mostly associated with DM, such as coronary 
artery disease, rheumatoid arthritis, Alzheimer’s disease 
and hypertension. But sRAGE is also associated with 
other conditions, such as extreme longevity, end-stage 
renal disease, and acute lung injury28. Also, sRAGE has 
been correlated with the success of therapeutic pharma-
cological responses on a number of diseases30.

In this research study, we found significantly higher 
concentrations of serum sRAGE in fertile as opposed to 
AS men and NS men from infertile couples and that all 
participants had sRAGE levels that were significantly 
higher than those in seminal plasma. In contrast, we 
found comparable sRAGE levels in the seminal plasma 
of all participants. To our knowledge, only Oborna et al, 
measured sRAGE concentrations in serum and seminal 
plasma with ELISA, but only in men with normal semen 
parameters, without providing information on their dia-
betic status23. Their results are in accordance with ours 
regarding higher concentrations of serum sRAGE in all 
men compared to their seminal plasma ones. We came 
down to four possible explanations. First, the presence 
of high mitochondrial concentrations in the spermatozoa 
may produce increased amounts of ROS, eventually lead-
ing to high amounts of sRAGE.  Second, the oxidative 
stress, produced even by normal counts of leukocytes, 
constitutes an additional source of increased sRAGE 
levels31. Third, the increased clearance of AGE ligands/
sRAGE complexes, caused by the number of barriers that 
exist in the male genital system, may result in lower lev-
els of sRAGE in seminal plasma. Fourth, the 100-fold 
higher concentration of testosterone in seminal plasma, 
as a consequence of blood-testis barrier could result in 
lower levels of sRAGE32. 

 The lower serum sRAGE levels and the decreased 
ratio of sRAGE to AGE in early pregnancy have been 
associated with the subsequent development of preec-
lampsia in women with type I DM33. This finding gener-
ated the question in our study whether the sRAGE levels 
could be attributed to the development of preeclampsia 
or the existence of diabetes mellitus. Moreover, insulin 
resistance has been associated with hypercoagulative 
and proinflammatory status34. From this point of view, 
not having diabetic participants was an advantage in our 
study since increased sRAGE levels could be attributed 
either to diabetes or a counterbalancing mechanism. In 
our case, sRAGE levels can only be attributed to the fer-
tility status of the male participant. 

Nevertheless, there are specific limitations to this pi-
lot study. Inability to reach statistical significance in the 
negative correlation of seminal sRAGE with HbA1c may 
be due to the fact that our study was underpowered to de-
tect such difference. Additionally, the use of biomarkers 
specific for lipid peroxidation and sperm DNA fragmen-
tation would provide a broader vision of the oxidative 
stress status and its effect on sperm DNA. The fertility 

status of the female partner of the infertile couple was not 
evaluated as it would not affect the degree of men infertil-
ity. Nevertheless, it would provide most complete medi-
cal history on the reproductive capacity of the couple. 

Conclusion
Serum and seminal sRAGE concentrations have dis-

tinct differences between fertile and infertile men. The 
results of this study have provided information that may 
formulate hypotheses of possible biochemical links and 
paths explaining the reason they have emerged.  How-
ever, further research is required to elucidate the role of 
the sRAGEs and oxidative stress in male infertility.
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