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ABSTRACT
Introduction: End-stage renal disease (ESRD) is associated with critical kidney illness that
seriously affects the lifespan. Genetic factors and oxidative stress could play critical role in the
development of ESRD. We assessed the association between chemerin rs17173608 T/G and
vaspin rs2236242 T/A genes variants with the risk of ESRD and their correlation with plasma
malondialdehyde (MDA) level.
Materials and methods: In a case-control study, 131 gender and age-matched unrelated healthy
controls and 110 ESRD patients were enrolled. The chemerin rs17173608 T/G and vaspin
rs2236242 T/A were detected by Tetra primer-amplification refractory mutation system-polymerase
chain reaction (T-ARMS-PCR). The MDA concentration was determined by HPLC.
Results: Our findings for the first time revealed that in codominant genetic model (T/G vs. T/T
genotype), the T/G genotype of chemerin gene significantly had a protective role against ESRD
susceptibility. Also, in the presence of chemerin G allele, the risk of ESRD decreased by 0.79-fold
(p¼ .048) in Kurdish population of Iran. The MDA serum levels in ESRD patients carrying the
chemerin T/GþG/G genotype of rs17173608 T/G and also in carriers of A/Aþ T/A genotype of
vaspin rs2236242 T/A were significantly higher compared to those in control subjects. The overall
distribution of vaspin rs2236242 T/A genotypes and alleles comparing ESRD patients and healthy
subjects were not statistically significant.
Conclusion: We found that the G allele of chemerin rs17173608 compared to T allele decreased
the risk of ESRD, and there was a significant association between chemerin and vaspin variants
with plasma MDA level in a sample of the Iranian population.

Abbreviation: ESRD: End-stage renal disease; SNP: single nucleotide polymorphism; MDA: malon-
dialdehyde; T-ARMS-PCR: tetra primer-amplification refractory mutation system-polymerase
chain reaction
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Introduction

Several conditions [1] such as failure to remove meta-
bolic end-products from the blood, electrolyte and
progressive decrease in glomerular filtration rate (GFR)
resulted in ESRD, the last stage of chronic kidney dis-
ease [2]. The prevalence of ESRD continues to increase
in most countries; �2000 per million populations (pmp)
and 1500 pmp of the adult populations in the Japan
and the USA, respectively [3]. The occurrence of ESRD
among Iranian population in 2008 was reported to be
466 pmp based on the management center of trans-
plantation and special diseases (MCTSD) criteria [1].

ESRD is likely to be influenced by environmental factors,
such as sedentary lifestyle and increased calorie intake,
in combination with an unfavorable genotype [4,5].
Furthermore, genetic polymorphisms within the chem-
erin (tazarotene-induced gene 2 protein (TIG2) or retin-
oic acid receptor responder protein 2 (RARRES2 or TIG2)
have been associated with the basic components of
ESRD [6]. Recently, chemerin was found to be highly
expressed in liver, adipose tissue, fibroblasts and plate-
lets [7,8]. Chemerin, a novel adipokine and a chemo-
attractant protein is involved in adipogenesis, obesity,
adipose cell function, maintenance of homeostasis and
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the activation of natural killer cells, macrophages and
dendritic cells in both innate and adaptive immunity
[9]. It also stimulates extracellular signal-regulated kin-
ase 2 (ERK1/2) and lipolysis in the 3T3L1 adipocytes,
and is an agonist of the orphan G-protein coupled
receptor (GPCR), with other unknown biological func-
tions [10]. Chemerin receptor, ChemR23 or CMKLR1
(chemokine-like receptor 1) [11], a Gai protein linked
receptor, is expressed by components of the innate
immune system, including tissue-resident macrophages
[12,13]. Therefore, some reports suggest an anti-
inflammatory function for chemerin [14]. In fact, acti-
vated inflammatory mediator cells release the enzymes,
which stimulate transformation of circulating proche-
merin into chemerin that is essential for recruitment of
leukocytes and other cells to sites of inflammation and
increase their adhesion [15]. It has been previously
reported that in patients with rheumatoid arthritis,
ulcerative colitis, Crohn’s disease, psoriasis, chronic pan-
creatitis and liver diseases, plasma chemerin levels have
elevated [16]. In addition, decreased rate of glucose
uptake, impaired glucose homeostasis and insulin
resistance are linked with chemerin [17]. As the chronic
kidney disease progresses, particularly in chronic inflam-
matory state, glucose and lipid metabolism disorders
are observed [18] and high plasma level of chemerin
associated with renal dysfunction has been reported by
Leiherer [19]. Vaspin (visceral adipose tissue-derived
serine protease inhibitor), is a member of the serpin
family, which is also known as a serpin peptidase
inhibitor, isolated from the visceral adipose tissue (VAT)
[20]. Many clinical and experimental studies suggested
that serpins had important physiological functions such
as blood coagulation, inflammation and host defense,
fibrinolysis, and ischemia protection [21]. Previous
studies have reported that serum vaspin levels have
decreased in the Japanese chronic hemodialysis (HD)
patients. An inverse association was found between
creatinine and vaspin levels in HD patients [22]. The
generation of oxidative compounds play crucial role in
inflammation and tissue repair process. ESRD patients
are characterized by an imbalance between pro-oxidant
and anti-oxidant factors [23], and increased oxidant
stress has been associated with typical complications of
ESRD such as atherosclerosis and b2-microglobulin
amyloidosis that was reported by Locatelli [24]. MDA as
a lipid peroxidation product, partially excreted by
kidney [25]. MDA is commonly used as a biomarker for
lipid oxidative damage recognition [26]. It exists in two
different states that are free and bound to proteins,
nucleic acids and lipoproteins, which are designated
as MDA adducts [27]. Cell membrane lipids are one of
the most important target molecules, which can be

attacked by the free radicals and MDA that is associated
with exacerbating the oxidative damage in various
diseases such as cancer, atherosclerosis, Alzheimer’s dis-
ease, lupus, preeclampsia, abuse patients, diabetes mel-
litus, psoriasis and autoimmune diseases [28–32].

Moreover, Plasma MDA level is a strong predictor of
cardiovascular disease prevalence in ESRD patients [27].
To the best of our knowledge, there is no report regard-
ing chemerin and vaspin gene variants with ESRD and
its correlation with plasma MDA level. The present study
aimed to investigate the possible association between
chemerin rs17173608 and vaspin rs2236242 gene var-
iants with ESRD and their correlation with plasma MDA
level in Kurdish population of Iran.

Materials and methods

Individuals and study design

In a case-control study, 131 Iranian healthy control vol-
unteers and 110 ESRD patients undergoing hemodialy-
sis therapy were enrolled. The process of sampling was
suggested by the nephrologists and informed consent
was obtained from all individuals. Five milliliters blood
sample were taken after an overnight fasting, before
dialysis, and poured in vials containing EDTA. The sam-
ples were transferred to the laboratory and kept at
�20 �C. Blood plasma was isolated from the samples for
the determination of MDA by HPLC [33,34]. Genomic
DNA was extracted from the peripheral blood samples
using standard phenol-chloroform and proteinase-K
extraction method [35].

Genotyping and T-ARMS-PCR

The tetra primer-amplification refractory mutation system-
polymerase chain reaction (T-ARMS-PCR) method was
effectively applied for genotyping rs17173608 T/G and
rs2236242 T/A variants of chemerin and vaspin, respect-
ively. This method is simple, rapid, sensitive, reproducible,
inexpensive for detection of variants, and does not require
special equipment. Both wild-type and rare alleles, were
simultaneously amplified together with a control frag-
ment, in a single PCR tube, a distinguishing feature from
conventional ARMS-PCR that amplifies bi-alleles in two
separate reactions [35,36]. The genotypes determined by
this method are in concordance with those determined
by sequencing. The chemerin and vaspin genomic
sequences (NT_007914.15 and NT_026437.13, respect-
ively) were obtained from the National Center for
Biotechnology Information (NCBI) (http://www.ncbi.nlm.
nih.gov). Chemerin and vaspin gene variants were used
by T-ARMS-PCR method using two external primers and
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two allele-specific internal primers designed previously
and reported by Hashemi et al [37] (Table 1).

PCR method was done using commercially available
PCR premix (AccuPower PCR PreMix; BIONEER, Daejeon,
Korea) based on the manufacturer’s instructions. Briefly,
1 lL template DNA (�100 ng/lL), 1 lL of each primer
(10 pmol/lL) and 15 lL DNase-free water were added to
AccuPower PCR PreMix. Amplification was performed
with an initial denaturation at 95 �C for 5min, followed
by 30 cycles of 30 s at 95 �C, 15 s at 65 �C for chemerin,
30 s at 62 �C for vaspin, respectively, and 30 s at 72 �C
with a final step at 72 �C for 10min. PCR products veri-
fied on a 2.0% agarose gel contained 0.5 lg/mL eth-
idium bromide and photographs were taken. To ensure
T-ARMS-PCR genotyping quality, we genotyped all var-
iants in random samples and no genotyping mistake
was found.

Malondialdehyde assay

Butylated hydroxytoluene (BHT), MDA, methanol,
2-thiobarbituric acid (TBA) and 1,1,3,3-tetraethoxypro-
pane (TEP) were of analytical grade and purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA). All other
reagents were products of Merck (Darmstadt, Germany).
Plasma MDA was measured by high-performance liquid
chromatography (HPLC; Agilent, Boblingen, Germany)
using an EC 250 /4.6 Nucleodur 100–5 C18ec column
(Macherey-Nagel, Duren, Germany). A plasma or TEP
standard (50 lL of a stock standard solution containing
5 lmol L�1 TEP in 40% ethanol solution) was mixed with
50 lL BHT (0.05% v/v BHT in ethanol), 400 lL H3PO4
and 100lL TBA (42mmol L�1 in 0.44mol L�1 H3PO4)
and incubated at 100 �C for 1 h. Following heat derivati-
zation, samples were cooled on ice for 10min. The
MDA–TBA complex was then extracted from the mix-
ture with n-butanol (250 lL). The tubes were vortex
mixed for 5min, then centrifuged for 3min at 14 000 g
to separate the two phases. Aliquots of 100 lL were
removed from n-butanol layer of each sample and
placed in HPLC vials for analysis without evaporation.

Serum MDA was then determined by injecting 20lL of
n-butanol extract onto an HPLC reverse phase column
using a mixture of methanol and 50mmol L�1 phos-
phate buffer, pH 6.7 (40/60, v/v) as mobile phase and
detecting the MDA peak at 553 nm, excitation 515 nm.
The concentration and identity of the eluted MDA
was confirmed by comparison with a commercial
standard and quantified by peak area using Agilent
Technologies 1200 Series software (Santa Clara, CA,
USA). All analysis was conducted in duplicate and data
were displayed as the mean ± SEM [38].

Result

Details of the demographic features and MDA for
the ESRD patients and control group are shown in
Table 2. ESRD patients had significantly higher MDA
2.07 (1.77–2.29) concentrations compared with control
subjects 1.07 (0.89–1.26), (p< .001). Odd ratio and distri-
bution of chemerin rs17173608 genotypes and alleles in
ESRD patients and healthy controls after adjusted sex
and age are shown in Table 3. Although no significant
difference was monitored in genotypes frequencies of
rs17173608 chemerin gene variant between ESRD
patients and control group (v2¼ 3.9, df¼ 2, p¼ .14), but
after adjusting the age and the sex, the OR value dem-
onstrated that co dominant (T/G vs. T/T) genetic model
significantly had a protective role against ESRD risk by a
value of 0.504 (0.25–1.1, p¼ .037). Also, analyzing the
dominant genetic model revealed that the presence of
combined genotype of T/GþG/G had a significantly
trend to decrease risk of ESRD with OR¼ 0.74 (0.5–1.1,
p¼ .046). Distribution of the rs17173608 chemerin
alleles in ESRD patients were significantly different from
that in control group (v2¼ 3.6, df¼ 1, p¼ .047). As is
shown in Table 3, the G allele of rs17173608 chemerin
had a significantly trend to decrease the risk of ESRD to
0.79 (0.54–1.1, p¼ .048).

In addition, we compared distribution and odds
ratios of the functional vaspin rs2236242 genotypes and
alleles in ESRD patients and control group that are dem-
onstrated in Table 3. We detected no significant associ-
ation between vaspin rs2236242 genotypes and alleles
in this study.

As Table 4 indicated, the MDA concentration in ESRD
patients with T/GþG/G genotype was significantly
higher compared with healthy subjects (2 (108–2.2) vs.
1.01 (0.9–1.2), p¼ .001) with the same genotype. In add-
ition, similar results were observed concerning about
vaspin A/Aþ T/A genotype in relation to MDA concen-
tration in ESRD patients compared to control group (2.1
(1.8–2.3) vs. 1.1 (0.93–1.28), p¼ .001) (Table 5).

Table 1. The used primers for detection of single-nucleotide
polymorphisms in chemerin rs17173608 and vaspin
rs2236242 genes.
Gene variant Primers Sequence (50 to 30)
Chemerin rs17173608 FI (G allele) ATTGCTATAGTCCAGTGCCCTTCG

RI (T allele) CCAGTTCCCTCTGTCGGCTTAA
FO GTCAGACCCATGCAGTTTTCAAAC
RO GAGTTCCTCTCTCAAGCATCAGGG
FI (T allele) AAGACGCCGCTTCTGTGCACT

Vaspin rs2236242 RI (A allele) CACAGGGACCCAGGATAACTTGCT
FO GGAGGCAGACCAGGCACTAGAAA
RO ACCATCTCTCTGGCTTCAGGCTTC

FI: forward inner; RI: reverse inner; FO: forward outer; RO: reverse outer.
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To investigate the haplotypes of chemerin rs17173608
G allele and vaspin rs2236242 A allele in ESRD patients
compared with control group, the web site of http://bio-
info.iconcologia.net/snpstats/start.htm was used and
results were demonstrated in Table 6. We observed no
significant association between chemerin rs17173608 G
allele and vaspin rs2236242 A allele in ESRD patients and
control group.

Discussion

The present study for the first time has investigated the
association between human chemerin rs17173608 and
vaspin rs2236242 gene variants with the risk of ESRD
and their correlation with plasma MDA level in Kurdish
population from Western Iran. We have presented novel
findings of the association between these SNPs with the
risk of ESRD. Results of our study indicated that
although the chemerin rs17173608 was not associated
with ESRD, in dominant and codominant models, we
detected that the presence of T/GþG/G vs. T/T and T/G
vs. T/T genotypes had a significant trend to decrease
the risk of ESRD. In fact, we suggest that the G allele of
chemerin rs17173608 T/G may play a protective role
against ESRD and decreased the ESRD susceptibility.
Khaled et al. demonstrated that not only high level of

Table 2. Characteristics and distribution of risk factors in patients with end stage renal
disease (ESRD) and control subjects in a population from Western Iran.
Parameter Patients with ESRD (n¼ 136) Control subjects (n¼ 137) p Value

Age 58.1 ± 13.3 55.7 ± 7.3 .27
Gender (male/female) 89 (66.9%)/44 (33.1%) 85 (62%)/52 (38%) .4
MDA (mM) �2.07 (1.77–2.29) �1.07 (0.89–1.26) �<.001
�Median and interquartile range (IQR) for non-normally distributed data, and percentages for categor-
ical data.

Table 3. Odd ratio and distribution of chemerin rs17173608 and alleles with respect to T/T or T and
vaspin rs2236242 genotypes and alleles with respect to T/T or T respectively in ESRD patients after
adjusted sex and age.

ESRD patients (n¼ 110) OR (95% confidential interval) Control subjects (n¼ 131)

Chemerin genotypes
T/T 91 (82.7%) 95 (72.5%)
T/G 14 (12.7%) 29 (22.1%)
G/G 5 (4.5%)

(v2¼ 3.9, df¼ 2, p¼ .14)
7 (5.3%)

Dominant
T/GþG/G vs. T/T (n¼ 19 (17.3%) vs. 91)

0.74 (0.5–1.1, p¼ .046)
(n¼ 36 (27.5%) vs. 95)

Codominant
T/G vs. T/T (n¼ 14 (13.3%) vs. 91)

0.504 (0.25–1.1, p¼ .037)
(n¼ 29 (23.4%) vs. 95)

Chemerin alleles
T n¼ 196 n¼ 219
G 0.79 (0.54–1.1, p¼ .048, n¼ 24)

(v2¼ 3.6, df¼ 1, p¼ .047)
n¼ 43

Vaspin genotypes
T/T 54 (49.1%) 66 (50.4%)
T/A 44 (40%) 51 (38.9%)
A/A 12 (10.9%)

(v2¼ 0.05, df¼ 2, p¼ .98)
14 (10.7%)

Dominant model of vaspin
T/T 54 (49.1%) 66 (50.4%)
T/AþA/A 56 (50.9%)

(v2¼ 0.04, df¼ 1, p¼ .84)
OR¼ 1.03 (0.8–1.3, p¼ .848)

65 (49.6%)

Vaspin alleles
T n¼ 152 n¼ 183
A 1.02 (0.84–1.3, p¼ .85, n¼ 68)

(v2¼ 0.1, df¼ 1, p¼ .85)
n¼ 79

Odd ratio is an estimate relative risk for disease that was calculated and 95% confidence interval was obtained by using v2

regression binary logistic analysis.

Table 4. Comparison of MDA concentration level between
dominant model of chemerin genotypes (G/G/þ T/G vs. T/T) in
ESRD subjects and control group.
Chemerin ESRD patients Control subjects p Values

T/T MDA (mM) 2.04 (1.77–2.3) 1.06 (0.89–1.31) <.001
T/GþG/G MDA (mM) 2 (108–2.2) 1.01 (0.9–1.2) .001

A non-parametric Mann–Whitney U-test (median and interquartile range
(IQR) for non-normally distributed data) was used to calculate the correl-
ation value of serum MDA with dominant model of chemerin genotypes
(G/G/þ T/G vs. T/T) patients and control subjects.
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serum chemerin could be a marker of diabetic nephr-
opathy, but also chemerin gene rs17173608 poly-
morphism is associated with susceptibility to diabetic
nephropathy in Egyptian patients. We could not find
any study published in PubMed, Google scholar
and other data bases in which the effect of vaspin
rs2236242 T/A and chemerin rs17173608 T/G polymor-
phisms on the ESRD trigger or development had been
investigated.

The high serum chemerin concentration in ESRD
patients decreased to the values observed in healthy
subjects after kidney transplantation [39]. Chemerin is
expressed at high levels on immune cells and macro-
phages. Moreover, it acts as a chemotactic agent
through its binding to chemerin receptor [11]. In
humans, plasma chemerin concentrations are correlated
with body mass index (BMI), glucose and lipid metabol-
ism [7,16]. There are some evidences to suggest that
chemerin is also expressed in animal kidneys [8].
Recently, the association between chemerin levels and
obesity has been examined in hemodialyzed patients
[40]. Studies on hemodialysis patients demonstrated
that markers of kidney function are independently asso-
ciated with plasma chemerin concentrations [41]. In the
study performed by Blaszak et al., 70% higher chemerin
concentration was observed in chronic kidney disease
(CKD) patients compared to the control group (p< .001)
and also elevated serum chemerin concentration in
CKD patients was correlated to kidney function and
hemodialysis treatment [16]. In addition, previous stud-
ies demonstrated that the high level of serum chemerin
in CKD patients decreased to normal range after kidney
transplantation [16,42]. A review study showed that the

racial and ethnic differences have a straight and direct
correlation with renal failure [43].

Current study demonstrated that, neither vaspin
rs2236242 T/A genotypes nor alleles had a role in ESRD
susceptibility in Kurdish population of Iran. The serum
vaspin levels are reduced in Japanese chronic hemodi-
alysis patients [44]. Although, serum vaspin levels were
decreased in chronic hemodialysis (CD) patients in the
study of Inoue, Seeger reported that the mean serum
vaspin levels in chronic hemodialysis patients were simi-
lar to control groups [45]. Hida et al. have reported that
high vaspin mRNA expression is associated with obesity
and insulin-resistance in ESRD patients [46]. Moreover,
two separate studies indicated a positive association
between the elevated serum vaspin levels with obesity
and impaired insulin sensitivity [47]. The higher vaspin
levels in obesity and type 2 diabetes mellitus (T2DM)
and its role in the progression of metabolic and glucose
abnormalities have been emphasized in a meta-analysis
[48]. The vaspin rs2236242 A/A genotype was associ-
ated with T2DM and with increased risk of disease in
German KORA patients [20].

We demonstrated that ESRD patients who carry T/T
and T/GþG/G genotypes of rs17173608 Chemerin gene
had a significantly high serum MDA levels compared to
control group with the same genotypes. A direct and
straight association between chemerin with markers of
oxidative stress and inflammation was demonstrated,
whereas a negative association with the antioxidant sta-
tus was found [49]. Yu et al. reported that chemerin
may play an important role in initiation and develop-
ment of obesity in T2DM patient and also in patho-
physiology of insulin resistance, oxidative stress and
inflammation [50].

Conclusions

In the current study, for the first time, the association of
chemerin rs17173608 G allele with decreased ESRD sus-
ceptibility has been indicated. Moreover, carriers of wild
type and T/GþG/G genotypes of chemerin rs17173608
T/G had significantly high serum levels of MDA com-
pared with healthy subjects. MDA serum concentration
in ESRD patients was strongly higher than that in con-
trol group. In our studied population, the frequencies of
genotypes and alleles of vaspin rs2236242 T/A in ESRD
patients were similar to control group. Prospective stud-
ies with a larger sample size and different ethnicities
are required to confirm our findings.

Acknowledgements

This work was performed in partial fulfillment of requirements
for an M.Sc degree in Clinical Biochemistry, Kermanshah

Table 6. Haplotype analysis between chemerin rs17173608 G
allele and vaspin rs2236242 a allele in ESRD patients com-
pared with control group. Haplotype frequencies associ-
ation with response (n¼ 241, crude analysis).
Chemerin Vaspin Group.Ca n (%) Group.Co n (%) OR (95% CI) p Value

T T 44 (40%) 49 (37.4%) – –
A T 10 (9.1%) 17 (37.4%) 0.65 (0.27–1.6) .65
T G 47 (42.7%) 46 (35.1%) 1.07 (0.8–1.42) .66
A G 9 (8.2%) 18 (14.5%) 0.81 (0.6–1.1) .16

Global haplotype association p-value: .41.

Table 5. Comparison of MDA concentration level between
dominant model of vaspin genotypes (A/Aþ T/A vs. T/T) in
ESRD subjects and control group.
Vaspin ESRD patients Control subjects p Values

T/T MDA (mM) 2.1 (1.7–2.3) 1.05 (0.85–1.25) <.001
A/Aþ T/A MDA (mM) 2.1 (1.8–2.3) 1.1 (0.93–1.28) .001

A non-parametric Mann–Whitney U-test (Median and interquartile range
(IQR) for non-normally distributed data) was used to calculate the correl-
ation value of serum MDA with dominant model of chemerin genotypes
(A/Aþ T/A vs. T/T) patients and control subjects.

354 H. NOMANI ET AL.



University of Medical Sciences, Kermanshah, Iran (Hamid
Khamohamadian). All authors contributed equally to this study.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was funded by Kermanshah University of Medical
Sciences, Kermanshah, Iran [Grant #92305].

References

[1] Aghighi M, Heidary Rouchi A, Zamyadi M, et al.
Dialysis in Iran. Iran J Kidney Dis. 2008;2:11–15.

[2] Bellomo R, Ronco C, Kellum JA, et al. Acute renal
failure–definition, outcome measures, animal models,
fluid therapy and information technology needs: the
Second International Consensus Conference of the
Acute Dialysis Quality Initiative (ADQI) Group. Critical
Care. 2004;8:R204.

[3] Barsoum RS. Chronic kidney disease in the developing
world. N Engl J Med. 2006;354:997.

[4] Yun Z, Yu-Ping Y, Zong-Wu T, et al. Association of
endothelial nitric oxide synthase gene polymorphisms
with end-stage renal disease: a systematic review and
meta-analysis. Renal Failure. 2014;36:987–993.

[5] Xue C, Nie W, Tang D, et al. Apolipoprotein E gene
variants on the risk of end stage renal disease. PLoS
One. 2013;8:e83367.

[6] M€ussig K, Staiger H, Machicao F, et al. RARRES2,
encoding the novel adipokine chemerin, is a genetic
determinant of disproportionate regional body fat dis-
tribution: a comparative magnetic resonance imaging
study. Metabolism. 2009;58:519–524.

[7] Bozaoglu K, Curran JE, Stocker CJ, et al. Chemerin, a
novel adipokine in the regulation of angiogenesis.
J Clin Endocrinol Metab. 2010;95:2476–2485.

[8] Roh S-g, Song S-H, Choi K-C, et al. Chemerin-a new
adipokine that modulates adipogenesis via its own
receptor. Biochem Biophys Res Commun. 2007;362:
1013–1018.

[9] Fatima SS, Rehman R, Baig M, et al. New roles of the
multidimensional adipokine: chemerin. Peptides. 2014;
62:15–20.

[10] Barnea G, Strapps W, Herrada G, et al. The genetic
design of signaling cascades to record receptor activa-
tion. Proc Natl Acad Sci. 2008;105:64–69.

[11] Wittamer V, Franssen J-D, Vulcano M, et al. Specific
recruitment of antigen-presenting cells by chemerin, a
novel processed ligand from human inflammatory flu-
ids. J Exp Med. 2003;198:977–985.

[12] Zabel BA, Allen SJ, Kulig P, et al. Chemerin activation
by serine proteases of the coagulation, fibrinolytic,
and inflammatory cascades. J Biol Chem. 2005;280:
34661–34666.

[13] Parolini S, Santoro A, Marcenaro E, et al. The role of
chemerin in the colocalization of NK and dendritic cell
subsets into inflamed tissues. Blood. 2007;109:
3625–3632.

[14] Ernst MC, Sinal CJ. Chemerin: at the crossroads of
inflammation and obesity. Trends Endocrinol Metab.
2010;21:660–667.

[15] Rourke J, Dranse H, Sinal C. Towards an integrative
approach to understanding the role of chemerin in
human health and disease. Obes Rev. 2013;14:
245–262.

[16] Blaszak J, Szolkiewicz M, Sucajtys-Szulc E, et al. High
serum chemerin level in CKD patients is related to kid-
ney function, but not to its adipose tissue overproduc-
tion. Renal Failure. 2015;37:1033–1038.

[17] Ernst MC, Issa M, Goralski KB, et al. Chemerin exacer-
bates glucose intolerance in mouse models of obesity
and diabetes. Endocrinology. 2010;151:1998–2007.

[18] Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney
disease: global dimension and perspectives. Lancet.
2013;382:260–272.

[19] Leiherer A, Muendlein A, Kinz E, et al. High plasma
chemerin is associated with renal dysfunction and pre-
dictive for cardiovascular events – insights from
phenotype and genotype characterization. Vascul
Pharmacol. 2016;77:60–68.

[20] Kempf K, Rose B, Illig T, et al. Vaspin (SERPINA12) gen-
otypes and risk of type 2 diabetes: results from the
MONICA/KORA studies. Exp Clin Endocrinol Diabetes.
2010;118:184–189.

[21] Heiker JT. Vaspin (serpinA12) in obesity, insulin resist-
ance, and inflammation. J Pept Sci. 2014;20:299–306.

[22] Yan M, Su B, Peng W, et al. Association of serum vaspin
and adiponectin levels with renal function in patients
with or without type 2 diabetes mellitus. J Diabetes
Res. 2014;2014:868732.

[23] Nomani HH-NL, Aidy A, Vaisi-Raygani A, et al.
Association between GSTM1, GSTT1, and GSTP1 var-
iants and the risk of end stage renal disease. Ren Fail.
2016;38:1455–1461.

[24] Locatelli F, Canaud B, Eckardt KU, et al. Oxidative
stress in end-stage renal disease: an emerging threat
to patient outcome. Nephrol Dial Transplant. 2003;18:
1272–1280.

[25] Nelson GJ, Morris VC, Schmidt PC, et al. The urinary
excretion of thiobarbituric acid reactive substances
and malondialdehyde by normal adult males after
consuming a diet containing salmon. Lipids. 1993;28:
757–761.

[26] Bahrehmand FV-RA, Kiani A, Rahimi Z, et al. Matrix
metalloproteinase-2 functional promoter polymorph-
ism G1575A is associated with elevated circulatory
MMP-2 levels and increased risk of cardiovascular dis-
ease in systemic lupus erythematosus patients. Lupus.
2012;21:616–624.

[27] Boaz M, Matas Z, Biro A, et al. Serum malondialdehyde
and prevalent cardiovascular disease in hemodialysis.
Kidney Int. 1999;56:1078–1083.

[28] Tanhapour M, Vaisi-Raygani A, Bahrehmand F, et al.
Association between the cytotoxic T-lymphocyte anti-
gen-4 mutations and the susceptibility to systemic
lupus erythematosus; Contribution markers of inflam-
mation and oxidative stress. Cell Mol Biol (Noisy-Le-
Grand) 2016;62:56–61.

[29] Tanhapour M, Miri A, Vaisi-Raygani A, et al. Synergism
between apolipoprotein E e4 allele and paraoxonase

RENAL FAILURE 355



(PON1) 55-M allele is associated with risk of systemic
lupus erythematosus. Clin Rheumatol. 2018;37:971–977.

[30] Najafi K, Ahmadi S, Rahpeyma M, et al. Study of serum
malondialdehyde level in opioid and methampheta-
mine dependent patients. Acta Med Iran. 2017;55:
616–620.

[31] Bahrehmand F, Vaisi-Raygani A, Kiani A, et al. Matrix
metalloproteinase 9 polymorphisms and systemic
lupus erythematosus: correlation with systemic inflam-
matory markers and oxidative stress. Lupus. 2015;24:
597–605.

[32] Asefi M, Vaisi-Raygani A, Khodarahmi R, et al.
Methylentetrahydrofolatereductase (rs1801133) poly-
morphism and psoriasis: contribution to oxidative
stress, lipid peroxidation and correlation with vascular
adhesion protein 1, preliminary report. J Eur Acad
Dermatol Venereol. 2014;28:1192–1198.

[33] Agarwal R, Chase SD. Rapid, fluorimetric-liquid chro-
matographic determination of malondialdehyde in
biological samples. J Chromatogr B Analyt Technol
Biomed Life Sci. 2002;775:121–126.

[34] Mohammadi Y, Vaisi-Raygani A, Shakiba E, et al.
Angiotensin II type 1 receptor A1166 C (rs5186) gene
polymorphism increased risk and severity of psoriasis,
contribution to oxidative stress, antioxidant statues,
lipid peroxidation and correlation with vascular adhe-
sion protein 1, preliminary report. J Eur Acad Dermatol
Venereol. 2016;30:1395–1397.

[35] Hashemi M, Moazeni-roodi A, Bahari A, et al. A tetra-
primer amplification refractory mutation system–
polymerase chain reaction for the detection of
rs8099917 IL28B genotype. Nucleosides, Nucleotides
Nucleic Acids. 2012;31:55–60.

[36] Etlik O, Koksal V, Arican-Baris ST, et al. Development
and validation of a cost-effective in-house method,
tetra-primer ARMS PCR assay, in genotyping of seven
clinically important point mutations. Mol Cell Probes.
2011;25:177–181.

[37] Hashemi M, Rezaei H, Eskandari-Nasab E, et al.
Association between chemerin rs17173608 and vaspin
rs2236242 gene polymorphisms and the metabolic syn-
drome, a preliminary report. Gene. 2012;510:113–117.

[38] Asefi M, Vaisi-Raygani A, Bahrehmand F, et al.
Paraoxonase 1 (PON1) 55 polymorphism, lipid profiles
and psoriasis. Br J Dermatol. 2012;167:1279–1286.

[39] Levey AS, Stevens LA, Schmid CH, et al. A new equa-
tion to estimate glomerular filtration rate. Ann Intern
Med. 2009;150:604–612.

[40] Chen H-Y, Lin C-C, Chiu Y-L, et al. Serum fetuin A and
chemerin levels correlate with hepatic steatosis and
regional adiposity in maintenance hemodialysis
patients. PLoS One. 2012;7:e38415.

[41] Pfau D, Bachmann A, L€ossner U, et al. Serum levels of
the adipokine chemerin in relation to renal function.
Diabetes Care. 2010;33:171–173.

[42] Rutkowski P, Sledzinski T, Zielinska H, et al. Decrease
of serum chemerin concentration in patients with end
stage renal disease after successful kidney transplant-
ation. Regul Pept. 2012;173:55–59.

[43] Freedman BI, Bowden DW. The role of genetic factors
in the development of end-stage renal disease. Curr
Opin Nephrol Hypertens. 1995;4:230–234.

[44] Imamura Y, Murayama N, Okudaira N, et al. Prediction
of fluoroquinolone-induced elevation in serum creatin-
ine levels: a case of drug-endogenous substance inter-
action involving the inhibition of renal secretion. Clin
Pharmacol Ther. 2011;89:81–88.

[45] Seeger J, Ziegelmeier M, Bachmann A, et al. Serum
levels of the adipokine vaspin in relation to metabolic
and renal parameters. J Clin Endocrinol Metab. 2008;
93:247–251.

[46] Hida K, Wada J, Eguchi J, et al. Visceral adipose tissue-
derived serine protease inhibitor: a unique insulin-
sensitizing adipocytokine in obesity. Proc Natl Acad
Sci USA. 2005;102:10610–10615.

[47] Handisurya A, Riedl M, Vila G, et al. Serum vaspin con-
centrations in relation to insulin sensitivity following
RYGB-induced weight loss. Obes Surg. 2010;20:
198–203.

[48] Feng R, Li Y, Wang C, et al. Higher vaspin levels in
subjects with obesity and type 2 diabetes mellitus: a
meta-analysis. Diabetes Res Clin Pract. 2014;106:88–94.

[49] F€ul€op P, Seres I, L}orincz H, et al. Association of chem-
erin with oxidative stress, inflammation and classical
adipokines in non-diabetic obese patients. J Cell Mol
Med. 2014;18:1313–1320.

[50] Yu S, Zhang Y, Li M, et al. Chemerin and apelin are
positively correlated with inflammation in obese type
2 diabetic patients. Chin Med J. 2012;125:3440–3444.

356 H. NOMANI ET AL.


	Abstract
	Introduction
	Materials and methods
	Individuals and study design
	Genotyping and T-ARMS-PCR
	Malondialdehyde assay

	Result
	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


