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Abstract: Chronic kidney disease (CKD) is characterized by accumulation of proinflammatory cytokines, mainly tu-
mor necrosis factor alpha (TNF-α). Single nucleotide polymorphisms (SNPs) of TNFA gene, including -238 G/A and 
-308 G/A, have been associated with alteration in the soluble TNF-α (sTNF-α) expression. The aim was to investigate 
the association of -238 y -308 TNFA gene SNPs with sTNF-α levels in CKD patients. We included 150 CKD patients 
and 192 control subjects (CS). Both SNPs were genotyped with polymerase chain reaction-restriction fragment 
length polymorphism technique and sTNF-α levels were measured by enzyme-linked immunosorbent assay. The ge-
notypic distribution of -238 and -308 SNPs was not significantly different between CKD patients and CS (p > 0.001). 
However, the sTNF-α levels were higher in CKD, compared to CS (p < 0.001). Also, sTNF-α correlated with creatinine 
(r = 0.279, p = 0.004), urea (r = 0.325, p = 0.001), phosphorus (r = 0.479, p = 0.001), glomerular filtration rate (r = 
-0.236, p = 0.019) and monocyte count (r = 0.276, p = 0.010). In conclusion, elevated sTNF-α levels are associated 
with CKD. However, the -238 and -308 TNFA gene SNPs were not associated with susceptibility to CKD and sTNF-α 
levels in a Mexican population.
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Introduction 

Chronic kidney disease (CKD), characterized by 
a progressive decline in the glomerular filtra-
tion rate (GFR) [1], has been recognized as a 
global public health problem [2]. The preva-
lence of CKD increases with age and reaches 
around 17% of individuals over 60 years. 
Diabetes is the leading risk factor of CKD [3] 
and inflammation is a key factor as it is acti-
vated by the metabolic, biochemical, and 
hemodynamic derangements known to exist in 
the diabetic kidney [4, 5]. Therefore, overpro-
duction of proinflammatory cytokines may play 
an important role in inflammation and renal 
injury [6].

Patients with CKD have markedly elevated lev-
els of cytokines such as tumor necrosis factor-α 

(TNF-α) [4, 7]. TNF-α is mainly produced by 
monocytes, macrophages, and T cells. However, 
resident renal cells are also able to produce 
TNF-α, including mesangial, glomerular, endo-
thelial, dendritic, and renal tubular cells. The 
effects of TNF-α include promotion of local 
reactive oxygen species (ROS), the increase of 
albumin permeability, and the induction of cyto-
toxicity, apoptosis, and necrosis. TNF-α is impli-
cated in the recruitment of monocyte-macro-
phages and the reduction of GFR by 
hemodynamic changes, as well as in altering 
endothelial permeability. According to experi-
mental data, patients with type 2 diabetes have 
3-4 times greater serum levels of TNF-α com-
pared to nondiabetic patients, and these levels 
are higher in diabetic patients with microalbu-
minuria compared with those that have normo 
albuminuria [4, 8, 9]. 
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ble TNF-α (sTNF-α) levels and clinical parame-
ters in CKD patients.

Materials and methods

Patients and controls

We recruited 150 CKD patients from the 
Nephrology Service of the Clinica No. 46 from 
the Instituto Mexicano del Seguro Social in 
Guadalajara, Jalisco, México. Diagnosis of CKD 
was based on Kidney Disease Outcomes 
Quality Initiative (K/DOQI), clinical practice 
guidelines for chronic kidney disease, estab-
lished by the National Kidney Foundation [16]. 
The demographic and clinical characteristics of 
CKD patients are shown in Table 1. In addition, 
192 control subjects (CS) without clinical evi-
dence of any autoimmune, inflammatory or 
infectious disease were enrolled in this study 
(135 women and 57 men with a mean age of 
37 ± 14 years). All subjects were unrelated indi-
viduals from a Mexican Mestizo population as 
defined by the National Institute of Anthropology 
[17]; and a written informed consent was 
obtained from all subjects before inclusion in 
the study, according to the ethical guidelines of 
the 2013 Declaration of Helsinki.

Laboratory assessment

White blood cell count, red blood cell count, 
platelet count, hemoglobin, hematocrit, and 
levels of creatinine, urinary protein, glucose, 
urea, phosphorus, calcium, potassium, sodium, 
total serum cholesterol and triglycerides were 
assayed using routine biochemical methods in 
all CKD patients, who had a 12-hour fast. 

DNA isolation and TNFA gene polymorphisms 
genotyping

For genotyping, venous blood samples of 
patients and CS were collected into EDTA-
containing tubes, and the genomic DNA (gDNA) 
was extracted from peripheral blood leukocytes 
according to the Miller’s salting-out method 
[18]. The TNFA gene polymorphisms were iden-
tified by the polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP) 
technique [19]. Amplification of both -238 and 
-308 TNFA gene polymorphic regions was per-
formed in a Thermal Cycler, Esco Swift MaxPro, 
using the following primers (Invitrogen Life 
Technologies, Carlsbad, CA, USA): for the -238 

Table 1. Demographic and clinical characteristics 
of CKD patients
Characteristics CKD (n = 150)
Demographic
    Age (years) 64 ± 11 (25-88)
    Sex (women/men) 64/86
Clinical 
    DM duration (years) 18 ± 9 (1-43)
    Serum creatinine (mg/dl) 3.7 ± 2.7 (0.6-13.8)
    GFR (ml/min/1.73 m2) 30.1 ± 2.7 (7-90)
    Urinary protein (g/24 hrs) 3.8 ± 5.5 (0.08-24)
    Glucose (mg/dl) 122.1 ± 59.3 (34-356)
    Urea (mg/dl) 95.5 ± 45.3 (19-265)
    Phosphorus (mg/dl) 4.7 ± 1.1 (2.9-7.4)
    Calcium (mg/dl) 8.9 ± 0.9 (2.1-10.3)
    Potassium (mmol/l) 5.1 ± 0.8 (3.1-8.6)
    Sodium (mmol/l) 139.9 ± 3.9 (127-148)
    Leukocytes (κ/µl) 7.2 ± 2.1 (2.7-14.9)
    Erythrocytes (κ/µl) 4.0 ± 0.7 (2.2-8.0)
    Platelets (κ/µl) 252.5 ± 84.9 (72-535)
    Hemoglobin (g/dl) 11.6 ± 1.9 (6.9-16.8)
    Hematocrit (%) 35.8 ± 5.4 (19.8-50.3)
    Total cholesterol (mg/dl) 174.2 ± 43.3 (91.4-296.0)
    Triglycerides (mg/dl) 170.4 ± 87.2 (44.2-481.0)
    SBP (mmHg) 136.1 ± 27.9 (80-206)
    DBP (mmHg) 73.3 ± 14.0 (37-104)
The data are presented as the mean ± standard deviation, 
minimum and maximum scores. CKD, chronic kidney disease; 
DM, diabetes mellitus; GFR, glomerular filtration rate; SBP, 
systolic blood pressure; DBP, diastolic blood pressure.

The TNF-α gene (TNFA) is located on chromo-
some 6p21.3, within the highly polymorphic 
major histocompatibility complex (MHC) region 
of the human genome. Many single-nucleotide 
polymorphisms (SNPs) and microsatellites 
have been identified in the TNF locus [10], and 
the ones in the promoter region of TNFA are 
thought to influence TNFA transcription rate 
and likely have direct functional significance in 
regulating TNF-α production [11]. In the promot-
er region of TNFA, two SNPs at positions -238 
G/A (rs361525) and -308 G/A (rs1800629), 
relative to the transcription start site, have 
been well characterized. They have been shown 
to influence gene expression [12] and have 
been linked to several infectious and autoim-
mune diseases [13], although a lack of associa-
tion has also been reported [14, 15]. Based on 
this knowledge, the aim of this study was to 
investigate the possible association of the -238 
and -308 TNFA gene polymorphisms with solu-
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Table 2. Genotypic and allelic frequencies of TNFA gene polymorphisms in CKD 
patients and CS
SNP CKD (n = 150) % (n) CS (n = 192) % (n) Global p OR (95% CI); p value
-238
    Genotypes
        G/G* 90 (135) 89.58 (172) 1.0
        G/A 9.33 (14) 10.42 (20) 0.50 0.76 (0.55-2.30); 0.76 
        A/A 0.67 (1) 0 (0) 0.26 (0.01-6.48); 0.41
    Alleles
        G* 94.67 (284) 94.80 (364) 0.94 1.0
        A 5.33 (16) 5.20 (20) 0.98 (0.50-1.92); 0.94
-308
    Genotypes
        G/G* 86.67 (130) 85.94 (165) 1.0
        G/A 12.67 (19) 14.06 (27) 0.49 1.12 (0.60-2.10); 0.73
        A/A 0.66 (1) 0 (0) 0.26 (0.01-6.51); 0.41
    Alleles
        G* 93 (279) 92.97 (357) 0.99 1.0
        A 7 (21) 7.03 (27) 0.99 (0.56-1.81); 0.99
The values are presented as frequency in percentage (%) and genotypes and alleles number (n). 
The frequencies comparison between groups was analyzed using Chi square test (x2) and Fisher’s 
exact test when applicable. Both, -238 and -308 TNFA gene SNPs were in HWE in the CS group (p = 
1.00 and p = 0.60, respectively). TNFA, tumor necrosis factor alpha; CKD, chronic kidney disease; 
CS control subjects; SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; 
*Reference category; HWE, Hardy-Weinberg equilibrium.

Table 3. Haplotypes frequencies and LD 
analysis of TNFA gene polymorphisms in CS
Haplotype % D’ p value
-308/-238
    GG 88.48 0.04 0.64
    GA 4.49 -0.04 0.98
    AG 6.31 -0.08 0.97
    AA 0.72 0.08 1.00
The linkage disequilibrium (LD) is expressed as Lewon-
tin’s corrected LD coefficient (D’) [21]. The comparison 
data was evaluated by Chi-square test (x2) and Fisher’s 
exact test when applicable. TNFA, tumor necrosis factor 
alpha; CS, control subjects.

each primer, 0.0- 
25 U/µl of Taq 
DNA polymerase, 
1.25 µl of sup-
plied buffer enz- 
yme 1X, 2.5 mM 
of MgCl2, and 2.5 
mM of each dN- 
TP (Invitrogen Li- 
fe Technologi- 
es, Carlsbad, CA, 
USA). Amplifica- 
tion conditions 
were as follows: 
initial denaturat- 
ion at 94°C for 4 
min, 33 cycles of 
94°C for 30 s, 
60°C for 30 s 
and 72°C for 30 
s, followed by 
72°C for 2 min 
for ending exten-
sion; resulting in 
fragments of 15- 
2 bp for the -238 
SNP and 107 bp 
for the -308 SNP, 

which were analyzed on a 6% polyacrylamide 
gel stained with silver nitrate (Invitrogen Life 
Technologies, Carlsbad, CA, USA). The ampli-
fied fragments of both -238 and -308 TNFA 
gene SNPs were incubated with 3 U of MspI 
and NcoI restriction enzymes (New England 
BioLabs, Beverly, MA, USA), respectively, for 1 h 
at 37°C. Finally, the digested PCR products 
were electrophoresed on 6% polyacrylamide 
gels stained with silver nitrate for genotype 
identification.  For the -238 SNP, fragments of 
133 and 19 bp represent the wild-type geno-
type (G/G), fragments of 152, 133 and 19 bp 
represent the heterozygote genotype (G/A), and 
a unique fragment of 152 bp represents the 
homozygote genotype (A/A); and for the -308 
SNP, fragments of 87 and 20 bp represent the 
wild-type genotype (G/G), fragments of 107, 87 
and 20 bp represent the heterozygote geno-
type (G/A), and a only one fragment of 107 bp 
represents the homozygote genotype (A/A).

Soluble TNF-α serum levels quantification

Soluble TNF-α (sTNF-α) levels were determined 
in serum samples from CKD patients and CS 
using a commercially available enzyme-linked 
immunosorbent assay (ELISA) kit (Human 

polymorphism, 5’-AGA AGA CCC CCC TCG GAA 
CC-3’ (Forward) and 5’-ATC TGG AGG AAG CGG 
TAG TG-3’ (Reverse); and for the -308 polymor-
phism, 5’-AGG CAA TAG GTT TTG AGG GCC AT-3’ 
(Forward) and 5’-TCC TCC CTG CTC CGA TTC 
CG-3’ (Reverse) [19]. Both forward primers for 
each TNFA gene polymorphisms containing a 
single base-pair mismatch adjacent to the poly-
morphic site to introduce a restriction site into 
the wild-type nucleotide sequence during the 
amplification reaction. 

The PCR was carried out in a final volume of 
12.5 μl containing 0.1 µg/µl of DNA, 3 mM of 
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sTNF-α ELISA, KHC3011, Invitrogen, Flynn 
Road, Camarillo, CA). The assay sensitivity was 
1.7 pg/ml and it was carried out accordingly to 
the manufacturer’s instructions. 

Statistical analysis 

Demographic and clinical characteristics were 
given as mean values, standard deviation (SD), 
minimum and maximum scores. Frequencies of 
genotypes and alleles were estimated and devi-
ation from Hardy-Weinberg expected frequen-
cies (HWE) tested using the Chi squared (c2) 
test. Association between TNFA genotypes and 
CKD was measured using Odds ratios (OR) that 
were tested using the normal approximation to 
the logarithm of the OR and 95% confidence 
intervals estimated (Epi Info statistical soft-
ware 7, Atlanta Georgia). Haplotype frequen-
cies were inferred using HEMHAPFRE software 
[20]. Linkage disequilibrium (LD) was expressed 

Results

Frequency of TNFA gene polymorphisms and 
haplotype analysis in both study groups

Genotype and allele frequencies of -238 G/A 
and -308 G/A TNFA gene SNPs in CKD patients 
and CS are shown in Table 2. Both TNFA gene 
SNPs were in HWE in the CS group (p > 0.05; 
data not shown). The distribution of genotypic 
and allelic frequencies of both TNFA gene SNPs 
was similar between CKD patients and CS (p > 
0.05). Therefore, the -238 G/A and -308 G/A 
TNFA gene SNPs did not affect the risk for CKD. 

On the other hand, we analyzed the linkage dis-
equilibrium (LD) pattern and haplotypes distri-
bution, combining the -238 and -308 TNFA 
gene polymorphic sites. The LD analysis 
showed no significant differences in all possi-
ble combinations in the CS group (p > 0.05) 
(Table 3). Likewise, there was no significant dif-
ference in the haplotype frequency distribution 
between CKD patients and CS (p > 0.05) (Table 
4). Therefore, we did not identify a risk haplo-
type for CKD. 

Soluble TNF-α levels, clinical correlation in 
CKD patients and their relationship with TNFA 
gene polymorphisms in both study groups

The sTNF-α levels were significantly associated 
with CKD, since CKD patients showed higher 
sTNF-α levels than CS (p < 0.001) (Figure 1). 
Likewise, in CKD patients the sTNF-α levels 
were positively correlated with the creatinine (r 
= 0.279; p = 0.004), urea (r = 0.325; p = 0.001) 
and phosphorus levels (r = 0.479; p = 0.001), 
as well as monocyte count (r = 0.276; p = 
0.010); and were negatively correlated with the 
GFR (r = -0.236; p = 0.019) (Figure 2). Finally, 

as Lewontin’s corrected LD coefficient 
(D’) [21]. Comparing TNFA genotype 
distributions between CKD and CS 
used c2 test. Comparing sTNF-α levels 
between groups used nonparametric 
Mann-Whitney U tests or Kruskal–
Wallis tests. Correlation between 
sTNF-α levels and other clinical mea-
sures used Spearman’s correlation 
tests for non-parametric variables 
and Pearson’s correlation for para-
metric variable (SPSS statistical soft-
ware 18.0, Chicago Illinois). Diff- 
erences were considered as signifi-
cant at p < 0.05.

Table 4. Haplotypes frequencies comparison of TNFA gene 
polymorphisms between CKD patients and CS
Haplotype CKD % (n) CS % (n) OR (95% CI); p value
-308/-238
    GG* 89.46 (268) 88.48 (340) 1.0
    GA 3.54 (11) 4.49 (17) 0.75 (0.27-2.06); 0.57 
    AG 5.21 (16) 6.31 (24)  0.85 (0.37-1.93); 0.69 
    AA 1.79 (5) 0.72 (3)  2.54 (0.51-12.73); 0.26 
The values are presented as frequency in percentage (%) and haplotypes 
number (n). The haplotype frequencies were inferred using the HEMHAP-
FRE software [20]. The comparison data was evaluated by Chi-square test 
(x2) and Fisher’s exact test when applicable. TNFA, tumor necrosis factor 
alpha; CKD, chronic kidney disease; CS, control subjects; OR, odds ratio; 
CI, confidence interval; *Reference haplotype.

Figure 1. Soluble TNF-α serum levels in CKD patients 
and CS. The mean difference between CKD patients 
(n = 106, 32.96 ± 7.40 pg/ml) and CS (n = 120, 
10.13 ± 6.14 pg/ml) was analyzed using Mann-Whit-
ney U test. TNF-α, tumor necrosis factor alpha; CKD, 
chronic kidney disease; CS, control subjects.
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we analyzed sTNF-α levels according to both 
TNFA gene polymorphisms in CKD patients and 
CS. However, we did not observe an associa-
tion between the different genotypes and 
sTNF-α levels (p > 0.05) (Figure 3).

Discussion 

Diabetic nephropathy, especially in the context 
of type 2 diabetes, has become the principal 
cause of renal failure, which in turn is the main 

cause of morbidity and mortality in the diabetic 
population. The classical view of renal injury as 
a consequence of metabolic and hemodynamic 
alterations has been transformed significantly. 
Existing evidence indicates that activation of 
the innate immunity and the subsequent devel-
opment of a low-grade chronic inflammatory 
reaction is an important phenomenon in the 
pathogenesis and progression of diabetic 
nephropathy [22]. In this context, inflammatory 
cytokines have a key role, including mainly TNF-

Figure 2. Correlation between soluble TNF-α serum lev-
els and clinical parameters in CKD patients. The analy-
sis was performed using Spearman correlation test (A, 
n = 104) and Pearson correlation test (B, n = 99; C, n 
= 94; D, n = 46; E, n = 119). TNF-α, tumor necrosis fac-
tor alpha; GFR, glomerular filtration rate; CKD, chronic 
kidney disease.
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Figure 3. Soluble TNF-α serum levels observed in CKD patients (A and B) and CS (C and D) according to the TNFA 
gene polymorphisms. (A) TNF-α levels in CKD patients according to the -238 G/A TNFA gene SNP [G/G (32.71 ± 
6.91 pg/ml), G/A (34.85 ± 12.26 pg/ml) and A/A (42.07 pg/ml) (p = 0.344)]. (B) TNF-α levels in CKD patients ac-
cording to the -308 G/A TNFA gene SNP [G/G (33.27 ± 7.63 pg/ml), G/A (30.91 ± 5.95 pg/ml) and A/A (35.36 pg/
ml) (p = 0.501)]. (C) TNF-α levels in CS according to the -238 G/A TNFA gene SNP [G/G (9.74 ± 5.57 pg/ml) and G/A 
(13.14 ± 9.13 pg/ml) (p = 0.158)]. (D) TNF-α levels in CS according to the -308 G/A TNFA gene SNP [G/G (10.06 ± 
6.07 pg/ml) and G/A (10.57 ± 6.71 pg/ml) (p = 0.715)]. The mean difference between groups was analyzed using 
Kruskal-Wallis test. TNF-α, tumor necrosis factor alpha; CKD, chronic kidney disease; CS, control subjects; SNP, 
single nucleotide polymorphism.

α, a cytokine expressed, synthesized and 
released by blood cells (mainly monocytes and 
macrophages), as well as by diverse intrinsic 
renal cells (endothelial, mesangial, dendritic 
and tubular epithelial cells) [22, 23]; and two 
TNFA gene SNPs at positions -238 G/A and 
-308 G/A, relative to the transcription start site, 
have been shown to influence gene expression 
[12] and have been linked to several infectious 
and autoimmune diseases [13]. Therefore, in 
the present study we analyzed the association 
of the -238 and -308 TNFA gene SNPs with 
sTNF-α levels in CKD patients in a Mexican 
population.

We did not find an association between both 
-238 G/A and -308 G/A TNFA gene SNPs and 
CKD. However, to our knowledge, this is the first 
study that investigates the association between 
the -238 G/A SNP and CKD. On the other hand, 

in contrast with our results, the -308 G/A SNP 
has been previously associated as a strong pre-
disposing risk factor for CKD in north India [6] 
and Chinese [24] populations. Nevertheless, in 
accordance with a previous report of this SNP 
in Asian Indians [25], our results can also be 
explained by the very low frequency of the poly-
morphic A/A genotype observed in our study 
groups. Likewise, we did not observe an asso-
ciation between any haplotype combination of 
these SNPs and CKD, suggesting that it is 
unlikely that the -238 G/A and -308 G/A TNFA 
gene SNPs have an important effect on suscep-
tibility to CKD, although the contribution of 
other variants located within the promoter 
region of the TNFA gene in susceptibility to CKD 
cannot be discarded.  

Regarding sTNF-α levels, we found an associa-
tion of elevated sTNF-α levels with CKD, since 
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CKD patients showed significantly higher 
sTNF-α levels compared to CS. This is consis-
tent with those observed by Navarro-González 
et al., Fernández-Real et al. and Shen et al., 
who also found elevated sTNF-α levels in CKD 
patients with chronic low-grade inflammation in 
Spanish and Chinese populations [26-28]. In 
addition, it has been reported that patients 
with type 2 diabetes have 3-4 times greater 
TNF-α serum levels compared to nondiabetic 
subjects, and these levels are higher in diabetic 
patients with microalbuminuria compared with 
those that have normo albuminuria [4]. Based 
on the above, our results support the cytotoxic 
role of TNF-α in the glomerular injury, which in 
turn leads to CKD development.

On the other hand, we also observed a positive 
correlation between sTNF-α levels with creati-
nine, urea and phosphorus levels, as well as 
with the monocyte count, and a negative cor-
relation with the GFR. It has been reported that 
hemodynamic changes and an alteration of the 
endothelial permeability reduce the GFR [4, 9], 
which in consequence leads to accumulation of 
metabolic waste products including creatinine, 
urea and albumin. In addition, the activation of 
the TNF-α system [inferred from circulating con-
centrations of the soluble fraction of TNF-α 
receptors (sTNFRs) may potentially exert inde-
pendent effects on urinary albumin, creatinine 
ratio and GFR in type 2 diabetes [26]. 

In regards to the correlation between sTNF-α 
levels and urea, the primary nitrogenous end 
product of amino acid catabolism, essential for 
the excretion of nitrogenous waste, it has long 
been known that the kidney’s permeability to 
the highly polar molecule urea is greatly 
increased by the insertion of five urea trans-
porters that allow facilitated urea transport for 
an adequate renal tubular function, including 
the ability to potently concentrate urine [29]. In 
this context, a previous study reported that a 
bolus infusion of TNF-α at a dose of 1 mg/kg 
decreased fractional urea excretion, inner 
medulla urea concentration and osmolality, 
tubular urea reabsorption and urinary urea 
whereas it increased plasma osmolality and 
urea; such findings were attributed to reduced 
urea transporters [30]. Therefore, we hypothe-
sized that the increased sTNF-α levels observed 
in our patients may be related to a decrease in 
the expression of urea transporters expression, 
favoring urea accumulation. However, this 

speculation will require more investigation in 
future studies.

Further, the correlation between the sTNF-α 
levels and increased phosphorus levels may be 
explained since TNF-α has been previously 
reported as a critical mediator of vascular calci-
fication, which in turn is a common feature in 
CKD patients [31, 32]. However, the mecha-
nisms underlying the molecular pathogenesis 
of vascular calcification in CKD are extremely 
complex and are influenced by the interaction 
of several inflammatory factors, lipids, miner-
als, and oxidative stress [31-33]. Also, the 
molecular mechanism by which TNF-α pro-
motes CKD-dependent vascular calcification 
remains uncertain. 

Masuda et al. [31], found an important link 
between TNF-α signaling and one of the endo-
plasmic reticulum stress signaling pathways 
(PERK-eIF2a-ATF4-CHOP axis) in the regulation 
of CKD-dependent vascular calcification. The 
precise mechanism by which the PERK-eIF2a-
ATF4-CHOP signaling pathway augments TNF-
α-induced vascular calcification remains 
unclear, however this is likely related to 
increased phosphate uptake [31]. Furthermore, 
their results suggest that Pit-1, a major type III 
sodium-dependent phosphate transporter, is a 
crucial regulator in the vascular calcification, 
since Pit-1 is a major target of the PERK-eIF2a-
ATF4-CHOP signaling pathway. In addition, they 
observed that CHOP (C/EBP homologous pro-
tein) significantly increased phosphate uptake 
by increasing the Pit-1 expression [31]. 

On the other hand, in addition to inflammation, 
in advanced stages of CKD, the total renal 
capacity to eliminate phosphorus is sufficiently 
reduced such that serum phosphorus concen-
trations begin to increase [34], which together 
with increased calcium and calcium-phosphate 
product, has been attributed to development of 
vascular calcification in these patients [35]. 
However, the relationship between sTNF-α lev-
els and increased phosphorus levels will require 
more investigation in future studies.

With respect to the correlation between the 
sTNF-α levels and elevated monocyte count, it 
has been known that monocytes are very 
important secretors of TNF-α [23, 36], which in 
turn induce leukocyte emigration through the 
adhesion molecule expression in the vascular 
endothelium, favoring the activation and differ-
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entiation of monocytes and macrophages in 
local inflammation sites [37].   

Finally, we did not observe an association 
between the sTNF-α levels and the -238 G/A 
and -308 G/A TNFA gene SNPs in both study 
groups. This is in accordance with Mekinian et 
al., who also showed no association between 
TNF-α level expression and these SNPs in 
healthy subjects [38].  Therefore, our results 
might suggest the absence of any functional 
relationship of these TNFA gene SNPs with 
sTNF-α levels in CKD patients. However, this is 
largely speculative since  circulating TNF-α lev-
els are also regulated at different stages includ-
ing transcriptional level, post-transcriptional 
control of mRNA stability and half-life, post-
translational cleavage of the receptor bound to 
the soluble form and regulation by metabolic 
parameters including the expression of its 
receptors [23]. Also, we cannot discard the con-
tribution of other variants located within the 
promoter region of the TNFA gene in the sTNF-α 
expression.  

In conclusion, elevated sTNF-α levels are asso-
ciated with CKD in Mestizo Mexican population, 
confirming the involvement of TNF-α in kidney 
damage development. However, the -238 G/A 
and -308 G/A TNFA gene SNPs are not genetic 
markers of susceptibility to CKD in our popula-
tion. Likewise, these SNPs did not show an 
effect on sTNF-α production in CKD patients 
and CS. However, further studies are required 
to evaluate the role of other genetic variants 
within the TNFA gene with CKD and expression 
levels of TNF-α, as well as in longitudinal 
studies.
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