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Abstract
Systemic sclerosis (SSc) is a rare autoimmune disease with high mortality, characterized by chronic inflammation and 
fibrosis, which are processes associated with higher serum tumor necrosis factor-α (sTNF-α) levels. TNFA -308G>A and 
-238G>A polymorphisms have been associated with higher sTNF-α levels. In this study, we genotyped the TNFA -308G>A 
and -238G>A polymorphisms in 53 SSc patients and 115 unrelated control subjects (CS) from southern Mexico. The TNFA 
mRNA expression and sTNF-α levels were also quantified by qPCR and enzyme-linked immunosorbent assays, respectively. 
TNFA -308GA genotype was associated with disease susceptibility according to a codominant genetic model (OR = 3.2, 
95% CI 1.05–9.75, p = 0.03), and with higher anti-fibrillarin antibodies (p = 0.01), and higher skin thickening (p = 0.006). 
TNFA -238GA was not associated with SSc risk. TNFA mRNA expression and sTNF-α levels were similar between SSc 
patients and CS and were not statistically associated with the TNFA polymorphisms; however, a correlation (rho = 0.362, 
p = 0.009) between sTNF-α levels with anti-RNA polymerase III antibodies was observed in the SSc patients. In conclusion, 
the -308G>A polymorphism is a genetic marker of SSc susceptibility in population from southern Mexico, and it is associ-
ated with skin thickening and anti-fibrillarin antibodies. In addition, sTNF-α levels correlate positively with the anti-RNA 
pol III antibodies levels.
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Introduction

Systemic sclerosis (SSc) is an autoimmune and inflamma-
tory disease, characterized by sclerosis and fibrosis of the 
skin and other tissues or organs [1, 2]. It may have lim-
ited involvement (lcSSc) on the face, forearms, and legs 
or diffuse involvement (dcSSc) on internal organs, arms, 
thighs, and trunk [1, 3]. The prevalence (0.05%) and inci-
dence (0.002%) per year of SSc are low, and it has been 
reported similar in Northern and Southern Europe and the 
USA [4–6]. In Mexico, no accurate data of prevalence and 
incidence have been reported for SSc; however, the overall 
prevalence of scleroderma has been reported at 0.02% [7].

SSc on its first stages has vascular abnormalities such as 
secondary Raynaud’s phenomenon and the development of 
pulmonary arterial hypertension (PAH) [8, 9]. The patho-
genic molecular mechanisms underlying SSc are not com-
pletely but may be due to the deregulation of transcription 
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factors controlling growth factors and proinflammatory 
cytokines synthesis in endothelial cells [1].

Tumor necrosis factor-α (TNFα) is an inflammatory 
cytokine involved in inflammation, apoptosis, and the sign-
aling of stimulant interleukins of the fibrotic process [10]. 
It has been reported that serum levels of TNF-α (sTNF-α) 
are elevated in patients with SSc and favor the development 
of pulmonary fibrosis and pulmonary arterial hypertension 
[11]; thus, TNF-α could be a key cytokine in the pathogen-
esis of SSc [12].

In the promoter region of TNFA gene (which encode TNF-
α), the -308G>A (rs1800629) and -238G>A (rs361525) pol-
ymorphisms have been associated with increased transcrip-
tion of TNFA [13] and with susceptibility to autoimmune 
diseases such as psoriatic arthritis [14]. In Mexican popula-
tion, these polymorphisms have been associated with some 
autoimmune diseases such as rheumatoid arthritis, psori-
atic arthritis, and systemic lupus erythematosus, in which 
elevated sTNF-α has been observed [10, 15, 16]; however, 
there are no reports about the involvement of these TNFA 
polymorphisms in the susceptibility to SSc.

Based on this knowledge, we decided to evaluate the 
-308G>A and -238G>A polymorphisms of the TNFA gene 
as risk markers for SSc and its relationship with TNFA 
mRNA expression and sTNF-α levels in the population from 
southern Mexico.

Materials and method

Subjects

From February 2015 to May 2018, 53 patients with SSc 
and 115 control subjects (CS) were enrolled in this study. 
SSc patients were diagnosed by a rheumatologist accord-
ing to the ACR/EULAR 2013 classification criteria [1] and 
were collected from the Department of Internal Medicine/
Rheumatology of the General Hospital of Chilpancingo 
“Dr. Raymundo Abarca Alarcón,” in the state of Guerrero, 
Mexico. The CS were healthy subjects recruited from the 
general population in the same geographic region than SSc 
patients. The rheumatologist conducted a medical record and 
an evaluation of the modified Rodnan skin score (MRSS) 
[17], and the Spanish version of the health assessment ques-
tionnaire disability index (HAQ-DI) [18] in all SSc patients.

Genotyping of TNFA ‑308 G>A and ‑238 G>A 
polymorphisms

Extraction of total genomic DNA from peripheral blood 
leukocytes was performed by the salting out method [19]. 
The TNFA -308G>A and -238G>A polymorphisms were 
analyzed and genotyped by a PCR–RFLP method; we used 

the primers sequence and conditions reported by Oregon-
Romero et al. [20].

Quantification of TNF‑α serum levels

sTNF-α levels were quantified using a conventional ELISA 
kit (LEGEND MAX Human Active TNF-α ELISA Kit, 
BioLegend) following the manufacturer’s instructions. The 
sensitivity limit of the assay was 1.7 pg/mL.

TNFA mRNA expression analysis

Total RNA was extracted from 5 mL of peripheral blood 
of 15 SSc patients and 15 CS matched by age, according to 
Chomcyznski and Sacchi technique [21]. Patients of both 
study groups were selected taking account a representative 
genotype for each polymorphism, and similar gender and 
age. For mRNA analysis, 1 ng of total RNA was transcribed 
reversely using oligo-dT and M-MLV reverse transcriptase 
as indicated by the manufacturer (Promega, Madison, WI, 
USA). The quantification of TNFA mRNA was conducted 
by real-time PCR, using FastStart Essential DNA Green 
master kit (Roche Applied Science). The glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used as a ref-
erence gene. All samples were run in triplicate using the 
conditions indicated in the Gene Expression Assay protocol 
in a LightCycler 96 System (Roche Applied Science). The 
mRNA analysis expression was performed through 2−ΔΔCq 
after validation of reaction efficiency; on the other hand, 
2−ΔCq method was used as a complementary analysis to 
determine differences between the study groups.

Statistical analysis

Statistical analysis was performed using STATA Software 
v11.1 and GraphPad Prism v6.0. The Shapiro–Wilk nor-
mality test was applied to verify the normal distribution of 
the data; depending on the results obtained, parametric or 
nonparametric tests were used for the analysis. Mann–Whit-
ney U test was used to evaluate differences between two 
groups. Kruskal–Wallis test was used to analyze differences 
between three or more groups (for variables distributed 
non-normally) followed by Dunn’s adjustment for multiple 
comparisons. A probability (p) value of less than 0.05 was 
considered significant.

Results

Clinical and demographic characteristics

The clinical and demographic characteristics of the study 
groups are described in Table 1. There was no significant 
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difference in age or gender between SSc patients and CS; 
however, significant differences were observed between both 
groups in the body mass index (BMI) (median BMI = 24 in 
SSc vs. 27 in CS, respectively, p < 0.0001).

In SSc patients, a greater percentage of individuals with a 
classification of lcSSc (85%) compared to dcSSc (15%) was 
observed. The average onset of the disease was 41 years and 
a time of evolution of approximately 5 years. In the signs and 
symptoms, most patients had sclerodactyly (92%), followed 
by arthritis (89%), Raynaud’s phenomenon (75%), and puffy 

fingers (72%). In the clinical evaluation, the patients showed 
an average mouth opening of 5 cm, and the MRSS and 
HAQ-DI indexes were on average 6 and 0.3, respectively.

Regarding laboratory tests, the presence of antinuclear 
antibodies (75%) was highlighted, of which anti-centromere 
antibodies (ACAs) were the most prevalent (26%). Regard-
ing treatment, most of the patients were treated with metho-
trexate (43%). On the other hand, 40% of patients had no 
treatment at the time of sampling because they were diag-
nosed that same day.

Distribution of TNFA ‑308G>A and ‑238G>A 
polymorphisms in SSc patients and CS

The genotypic and allelic frequencies of the TNFA -308G>A 
and -238G>A polymorphisms in SSc patients and CS are 
shown in Table 2. Both polymorphisms agreed with the 
Hardy–Weinberg equilibrium (p > 0.05, data not shown). 
The allele and genotype frequencies for the -238G>A 
polymorphism did not show statistical differences between 
SSc patients and CS. Regarding -308G>A polymorphism, 
a significant difference in the genotype frequencies was 
observed between both study groups under a genetic codom-
inant model. The -308GA genotype was associated with an 
increased SSc susceptibility (OR = 3.200, IC = 1.050–9.750; 
p = 0.033).

TNFA ‑308G>A and ‑238G>A polymorphisms 
and clinical parameters in SSc

According to the codominant genetic model, we analyzed 
the relationship between both TNFA polymorphisms with 
the clinical parameters of SSc patients. For -308G>A poly-
morphism, GA genotype carriers showed higher MRSS 
(p = 0.006) and higher levels of anti-fibrillarin autoantibod-
ies (p = 0.018) in comparison with GG genotype carriers 
(Table 3). However, the -238G>A polymorphism had no 
significant associations with the clinical parameters of SSc 
patients (p > 0.05, data not shown).

sTNF‑α levels and TNFA mRNA expression in SSc 
patients and CS

sTNF-α levels were similar between SSc patients and CS 
(p = 0.248, Fig. 1a), but a tendency of higher sTNF-α levels 
in comparison with the CS group (median 2.63 pg/mL vs. 
1.94 pg/mL, respectively) was observed. Moreover, a cor-
relation between the sTNF-α levels with the anti-RNA poly-
merase III autoantibodies (rho = 0.362, p = 0.009, Fig. 1b) 
was found. On the other hand, the relative expression of 
TNFA mRNA was 2.6-fold higher in SSc patients than in 
CS (Fig. 1c); however, when these data were analyzed by 

Table 1   Clinical features of SSc patients and CS

a Data provided in medians (p5–p95); bdata provided in percent-
ages and “n”; cdata provided in mean ± SD. BMI body mass index, 
ESR erythrocyte sedimentation rate, CRP C-reactive protein, ANAs 
antinuclear antibodies, ACAs anti-centromere antibodies, ATAs anti-
topoisomerase antibodies, NSAIDs nonsteroidal anti-inflammatory, 
DMARDs disease-modifying antirheumatic drugs, MRSS modified 
Rodnan skin score

SSc (n = 53) CS (n = 115) p value

Demographics data
 Age (years)a 50 (39–57) 46 (35–56) 0.242
 Male/female (n) 13/87 9/91 0.367
 BMI (kg/m2)a 24 (21–26) 27 (24–29) < 0.0001

Type of SSc and clinical record
  dSScb 85 (44) –
  lcSScb 15 (8) –

 Age of disease onset 
(years)c

41 ± 17 –

 Disease evolution (years)a 5.0 (0.6–20.3) –
Signs and symptoms
 Raynaud’s phenomenonb 75 (40) –
 Skin thickeningb 92 (49) –
 Telangiectasiab 58 (31) –
 Digital ulcersb 43 (23) –
 Puffy fingersb 72 (38) –
 Arthritisb 89 (47) –

Clinical evaluation
 Mouth opening (cm)a 5 (3–7) –
 MRSS scorea 6 (0–26) –
 HAQ-DI, 0–3 scorea 0.3 (0.0–1.3) –

Laboratory findings
 ESR (mm/h)a 28 (19–41) 25 (18–27) 0.092
 CRP (mg/dL)a 12 (5–29) 11 (6–18) 0.855
 ANAsb 75 (40) 0 (0)

Treatment %(n)
 NSAIDsb 19 (10) –
 Prednisoneb 34 (18) –
 DMARDsb –
 Methotrexateb 43 (23) –
 Chloroquineb 13 (7) –
 No treatmentb 40 (21) –



442	 Clinical and Experimental Medicine (2019) 19:439–447

1 3

the 2−ΔCq method, these differences were not statistically 
significant (p = 0.138, data not shown).

Association of TNFA ‑308G>A and ‑238G>A 
genotypes with sTNF‑α levels and TNFA mRNA 
expression

In both study groups and for the two polymorphisms evalu-
ated, carriers of GA genotype showed a slight increase in the 
sTNF-α levels (Fig. 2) in comparison with the GG genotype 
carriers. However, these results were not statistically signifi-
cant (p > 0.05).

According to the 2−ΔΔCq method, TNFA mRNA expres-
sion (Fig. 3) showed differences by genotypes of the TNFA 
-308G>A and -238G>A polymorphisms. In SSc patients, 
-308GA genotype carriers showed 2.331-fold higher TNFA 
mRNA expression than GG genotype carriers. Similarly, in 
CS, GA and AA genotype carriers had higher TNFA mRNA 
expression than those carrying the GG genotype (1.285-fold 
and 2.088-fold, respectively).

Regarding -238G>A polymorphism, SSc patients car-
rying the TNFA -238GA genotype had 4.45-fold higher 
TNFA mRNA expression than GG genotype carriers. Like-
wise, in CS, GA genotype carriers had higher TNFA mRNA 

Table 2   Distribution of 
the genotypic and allelic 
frequencies of the TNFA 
-238 G>A y -308 G>A 
polymorphisms

Significant p values are shown in bold
OR odds ratio, CI confidence interval, SSc systemic sclerosis, CS control subjects. The p value was calcu-
lated by a Chi-squared test (χ2). SNPs single-nucleotide polymorphisms

SNPs Allele/genotype SSc (n = 53) % (n) CS (n = 115) % (n) OR (CI 95%); p

-238 G>A (rs361525)
 Alleles G 97 (103) 92 (212) 1.0

A 3 (3) 8 (16) 0.324 (0.093–1.125); 0.062
Assessed association model
 Codominant GG 94 (50) 84 (97) 1.0

GA 6 (3) 16 (18) 0.305 (0.086–1.083); 0.054
AA 0 (0) 0 (0) –

 Dominant GG 94 (50) 84 (97) 1.0
GA + AA 6 (3) 16 (18) 0.305 (0.086–1.083); 0.054

 Recessive GG + GA 100 (53) 100 (115) –
AA 0 (0) 0 (0)

-308 G>A (rs1800629)
 Alleles G 92 (98) 97 (222) 1.0

A 8 (8) 3 (8) 2.265 (0.826–6.210); 0.104
Assessed association model
 Codominant GG 85 (45) 94 (108) 1.0

GA 15 (8) 5 (6) 3.200 (1.050–9.750); 0.033
AA 0 (0) 1 (1) 0.795 (0.032–19.880); 0.519

 Dominant GG 85 (45) 94 (108) 1.0
GA + AA 15 (8) 6 (7) 2.743 (0.939–8.015); 0.057

 Recessive GG + GA 100 (53) 99 (114) –
AA 0 (0) 1 (1)

Table 3   Clinical parameters of SSc patients according to the TNFA 
-308 G>A polymorphism

Significant p values are shown in bold
a Data provided in medians (p5–p95); bdata provided in percentages; 
cdata provided in mean ± SD. BMI: body mass index. MRSS modi-
fied Rodnan skin, HAQ-DI health assessment questionnaire disability 
index, VAS visual analog scale, ESR erythrocyte sedimentation rate, 
CRP C-reactive protein, ANAs antinuclear antibodies, ACAs anti-cen-
tromere antibodies, ATAs anti-topoisomerase antibodies

Clinical variables GG n = 45 GA n = 8 p

BMI (kg/m2)a 24 (21–26) 24 (19–27) 0.944
lSScb 84 (38) 86 (6) 0.931
dcSScb 16 (7) 14 (1)
Mouth opening (cm)a 5 (5–6) 5 (4–6) 0.844
MRSS scorea 6 (3–6) 12 (6–22) 0.006
HAQ-DI, 0–3 scorea 0.2 (0.0–0.7) 1.0 (0.2–1.2) 0.108
VAS scorea 30 (10–50) 20 (20–70) 0.552
ESR (mm/h)c 28 ± 13 31 ± 11 0.663
CRP (mg/dL)a 8 (5–25) 20 (0–35) 0.902
ANAsb 77 (33) 88 (7) 0.497
ACAs (U/mL)a 0.7 (0.4–1.3) 14 (0.4–90) 0.300
ATAs(U/mL)a 0.4 (0.3–0.6) 0.3 (0.3–0.4) 0.511
Anti-RNA Pol III (U/mL)a 3.7 (2.4–6.2) 3.8 (3.1–5.7) 0.853
Anti-fibrillarin (U/mL)a 1.2 (1.0–2.0) 3.5 (1.6–7.0) 0.018
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expression than those carrying the GG genotype (7.936-
fold). The 2−ΔCq analysis showed no association between 
the TNFA -308 and -238 genotypes with the TNFA mRNA 
expression (p > 0.05, data not shown).

Discussion

TNF-α participates in activation of vascular endothelium, 
regulation of immune response and metabolism of the con-
nective tissue by modulation of fibroblastic function. Thus, 
it has been suggested as a major contributor to SSc progres-
sion [22].

Some studies on TNFA polymorphisms have reported an 
association between the -308 G>A and -238 G>A polymor-
phisms with SSc risk in different populations [23–25]; nev-
ertheless, its role in the Mexican population was unknown. 
In this study, we evaluated the relationship between TNFA 

-308G>A and -238G>A polymorphisms with the SSc sus-
ceptibility, TNFA mRNA expression, sTNF-α levels, and 
clinical variables in SSc patients from southern Mexico.

We found that the GA genotype of the -308G>A poly-
morphism is a genetic marker of SSc susceptibility accord-
ing to a codominant genetic model, but we did not find an 
association between -238G>A polymorphisms with the dis-
ease risk. These results agree with those reported in a Turk-
ish population [25]; however, it is different to that reported in 
the Japanese population, where no association between any 
of these two TNFA polymorphisms with SSc risk was found 
[23]. In contrast to our findings, a study performed in Italy 
reported an association between the -238GA genotype poly-
morphisms with SSc susceptibility, particularly with dSSc 
phenotype [24]. These heterogeneous associations between 
TNFA polymorphisms and SSc risk can be explained by the 
genetic structure of each evaluated population, which it is 
well known that it contributes to the differences in disease 
incidence between populations. Moreover, genetic variants 
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444	 Clinical and Experimental Medicine (2019) 19:439–447

1 3

may also have different effects among populations because 
of unmeasured (and perhaps unknown) environmental risk 
factors, for which ethnicity may be the major factor, which 
modifies the genetic variant penetrance [26].

The most common autoantibodies detected in SSc 
patients are anti-topoisomerase I (ATAs) and anti-cen-
tromere (ACAs), while the least frequent are the anti-RNA 
polymerase III and anti-fibrillarin autoantibodies [27]. In 
some studies reported in Japan [28] and Italy [24], TNFA 
polymorphisms have been associated with ACAs and ATAs 
antibodies. In the present study, an association for the 
-308GA genotype with anti-fibrillarin antibodies was found; 
this finding has not been reported before in any population, 
so it is a novel finding from our study; however, due to the 
low prevalence of this polymorphism in our population, this 
finding should be interpreted with caution and it should be 
proved in different populations.

Overall, our finding and the data reported in the Italian 
and Japanese population suggest a prominent role for TNFA 
promoter polymorphisms on the synthesis of autoantibodies 

in SSc. This association between the TNFA -308G>A poly-
morphism with anti-fibrillarin antibodies could not be totally 
explained by the effect of these variants on the sTNF-α lev-
els since there are many discrepant results in this regard. 
However, it cannot be ruled out that this association may be 
the result of an indirect effect of some HLA alleles (HLA-
DRB1 * 01 and HLA-DQB1 * 0501), as they have been asso-
ciated with seropositivity to autoantibodies and they are in 
linkage disequilibrium with some promotor variants of the 
TNFA gene [28].

Another interesting finding in our study was the associa-
tion of the -308GA genotype with a higher MRSS, which 
consists of a higher patient’s skin thickness. This may be 
grounded by the fact that TNF-α, via NF-kB, stimulates 
fibroblast to secrete matrix metalloproteinase 2 (MMP-2) 
which is involved in fibrosis development [29]. However, 
a study found no association between sTNF-α levels with 
skin thickness in SSc patients [30]. Until today, there are 
no reports between -308 GA genotype positive associa-
tions with skin thickness in SSc disease. The closest studies 
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about the relationship between TNF-α and skin alterations 
are described in psoriatic arthritis, where they have been 
reported high TNFA mRNA expression in patients [10], and 
anti-TNFA agents have a good response at skin affectation 
treatment [31]. In this respect, the -308GA genotype has 
been proposed to explain the TNFA overexpression in an 
Indian population with psoriatic arthritis [32].

In the present study, we did not find differences in the 
sTNF-α levels between SSc patients and CS, but there 
was a tendency of higher sTNF-α levels in SSc patients. 
On the other hand, TNFA mRNA expression was 2.603-
fold higher in SSc patients than in CS. In agreement with 
our results, other studies have shown higher TNFA mRNA 
expression and sTNF-α levels in patients with SSc [33, 34]. 
This increase seems to be due in part to genetic variants of 
the TNFA gene; the A allele of the TNFA -308A>G poly-
morphism increases TNFA transcription activity and the 
sTNF-α level [35]. In our study, a tendency of higher TNFA 
mRNA expression and sTNF-α levels in SSc patients carry-
ing at least one polymorphic allele (GA or AA genotypes) 

of the TNFA -308G>A and -238G>A polymorphisms was 
observed. Particularly, carriers of -308GA genotype had 
2.331-fold higher TNFA mRNA expression than GG geno-
type carriers in SSc patients. Similarly, SSc patients carrying 
the -238GA genotype had 4.45-fold higher TNFA mRNA 
expression than GG genotype carriers. Although the subse-
quent analysis of mRNA expression with the 2−ΔCq method 
did not show significant differences between groups, it is 
evident that both polymorphisms affect the expression of 
TNFA, and the lack of statistical association does not neces-
sarily indicate that there is no biological effect; however, a 
weakness of our study is that the effect of minor allele was 
tested in a low number of subjects due to the low frequency 
observed in our population. Therefore, more studies are 
needed to verify the effect of these polymorphisms on tran-
scriptional and translational alterations in the TNFA gene.

Supporting that observed for the -308GA genotype, 
a positive correlation between sTNF-α levels with anti-
RNA polymerase III antibodies was observed. This is 
important because anti-RNA pol III autoantibodies have 
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Fig. 3   TNFA mRNA expression according to the TNFA -308 G>A 
and -238 G>A genotypes. TNFA mRNA expression (2−ΔΔCq method) 
was compared according to the -308 G>A (a, b) and -238 G>A geno-
types (c, d) in SSc patients and CS, respectively. The values at the top 
of the bars represent the change folds of the relative expression. SSc 

systemic sclerosis, CS control subjects. p values were calculated by 
Mann–Whitney U test, using the relative units of expression calcu-
lated by the 2−ΔCq method (data not shown). Graphic were made with 
GraphPad Prism v6.0
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been reported in association with increased renal affection 
(which is observed in 10–40% of SSc patients) and mortal-
ity in SSc patients [36, 37]; thus, high sTNF-α levels could 
be a serum marker with a potential prognostic application 
of renal damage in SSc patients. In accordance with these 
findings, a study performed in SSc patients from the USA 
found higher sTNF-α levels in patients with renal crisis 
[38].

The association of sTNF-α levels with anti-RNA poly-
merase III antibodies is not clear since TNF-α is not char-
acterized by having effects on the B cells activation and/
or immunoglobulin secretions. However, it is possible that 
this association could be explained because sTNF-α is a 
potent inductor of IL-6 [39], which increases B cell IgG 
production [40] and it has been associated with autoanti-
bodies production in autoimmune diseases [41].

Conclusions

This study shows that -308GA genotype is a genetic 
marker for SSc susceptibility in population from southern 
Mexico, and it is also associated with higher skin thickness 
and higher anti-fibrillarin antibodies levels. Both minor 
alleles of the polymorphisms evaluated (TNFA -308G>A 
and -238G>A) seem to upregulate the transcriptional 
rate of the TNFA gene. On the other hand, sTNF-α levels 
are correlated positively with the anti-RNA polymerase 
III antibodies levels. Taken together, these data suggest 
a prominent role of TNF-α in SSc susceptibility via the 
production of autoantibodies and fibrosis, so future studies 
should be focused on this topic.
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