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ABSTRACT

Objectives: This study aims to evaluate the association between polymorphisms in the promoter region of the tumor necrosis factor-alpha (TNF-α) 
gene at locations -308G/A, -857C/T, and -863C/A with the tendency of being non-responder to etanercept.
Patients and methods: Between October 2020 and August 2021, a total of 80 patients (10 males, 70 females; mean age: 50 years; range, 30 to 72 years) 
with rheumatoid arthritis (RA) receiving etanercept for at least six months were included. The patients were divided into two groups responders 
and non-responders, based on their response after six months of continuous treatment. Following polymerase chain reaction amplification of the 
extracted deoxyribonucleic acid, sequencing by Sanger method was performed to identify the polymorphism at the TNF-α promoter region.
Results: In the responder group, the GG genotype of (-308G/A) and the AA genotype of (-863C/A) were both significantly present. The CC genotype 
of (-863C/A) was significantly present in the non-responders group. The CC of (-863C/A) SNP was the only genotype that appeared to increase the 
likelihood of being resistant to etanercept. The GG genotype of (-308G/A) was negatively correlated with the likelihood of being a non-responder. 
The (-857CC) and (-863CC) genotypes were significantly more prevalent in the non-responders group.
Conclusion: The presence of the (-863CC) genotype, alone or in combination with (-857CC), is linked to an increased likelihood of becoming a 
non-responder to etanercept. The GG genotype of -308G/A and the AA genotype of -863C/A significantly increase the likelihood of becoming 
responder to etanercept.
Keywords: Etanercept, genetic polymorphism, response, rheumatoid arthritis, tumor necrosis factor-alpha.

Biological agents or biological response 
modifiers are a highly effective class of therapies 
for rheumatoid arthritis (RA) that have been in 
use for nearly a decade.1 These medications are 
intended to target the inflammatory pathways 
in RA patients that contribute to joints damage.1 
Biological agents are protein molecules that have 
been genetically modified.2 Most fundamental 
class of biological agents are blocker of tumor 

necrosis factor-alpha (TNF-a) such as etanercept 
(ETN), golimumab, infliximab, adalimumab, and 
certolizumab.2

Etanercept (Enbrel, Pfizer, NY, USA) is one 
of the most commonly used biological disease-
modifying antirheumatic drugs (DMARDs) 
approved in 1998.3 It is a humanized fusion 
protein consisting of the human TNF-a p75 
receptor extracellular ligand-binding portion 
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connected to the Fc portion of the human 
immunoglobulin G1.4 It is well established that 
ETN is considerably safe and highly effective 
in reducing adverse clinical manifestations of 
RA.5 However, ETN is more expensive than 
other conventional antirheumatics, and it adds 
a significant pressure on medication budgets, 
whether at the individual level or the national 
health plan levels.6 Additionally, it is unexplained 
why certain patients with RA do not respond 
satisfactorily to anti-TNF medication, including 
ETN.7 About 30 to 40% of ETN users do not 
respond adequately to TNF-a inhibitors.8 

Genetic polymorphism is one of the most 
important influences on the response, as 
the TNF-a gene promoter region is highly 
polymorphic.9 Compared to other variables that 
may influence or modify the ETN response, 
genetic determinants would remain consistent 
throughout a patient’s lifetime.10 Accordingly, 
polymorphism testing helps to distinguish 
patients with a high response from inadequate 
or poor ones. In addition, early recognition of 
patients who would not respond to anti-TNF 
medications would allow for a fast switch to 
alternative medicines, giving the patient a better 
chance of rapidly reaching treatment goals.11

Numerous studies published over the last 
several years have revealed conflicting findings 
regarding a possible association between 
anti-TNF-a response and polymorphisms in the 
TNF-a gene at different positions such as -308, 
-238, -857, and +48912-14 or other associated 
genes such as TNF-a receptors (TNFR1 and 
TNFR2).15 In addition, several meta-analyses have 
been performed to inspect the relationship among 
different single nucleotide polymorphisms (SNPs) 
and anti-TNF-a responsiveness.16 However, 
the outcomes of these studies vary from one 
population to another due to racial and ethnic 
variance in pharmacogenetics, which occurs due 
to dissimilarity in the allele frequencies in different 
populations. Thus polymorphism analysis in 
various populations is essential to determine the 
genetic variables that may influence the response 
to ETN.17

To the best of our knowledge, earlier 
investigations did not examine the effect of 
the -863C/A polymorphism in RA patients’ 
responsiveness to ETN. To date, no previous 

study performed in Iraq to examine the effect of 
any SNPs in the TNF-a promoter region on the 
tendency to be a non-responder to ETN. In the 
present study, we aimed to determine whether the 
presence of SNPs in the promoter region of the 
TNF-a gene at positions -308G/A(rs1800629), 
-857C/T (rs1799724) and -863C/A (rs1800630) 
in a sample of Iraqi RA patients could influence 
the patients' response to ETN.

PATIENTS AND METHODS

This single-center, cross-sectional study 
was conducted at Baghdad Teaching Hospital, 
Department of Rheumatology, between October 
12th, 2020 and August 8th, 2021. The present study 
is a part of a large study which was conducted, 
with an eligible convenient sample of eighty Iraqi 
RA patients with established RA according to the 
revised 2010 American College of Rheumatology 
(ACR)/European League against Rheumatism 
(EULAR) Classification Criteria for RA.18 Our 
center serves a wide variety of communities 
in Iraq, including rural, urban, and inner-city 
areas from several governorates. All patients 
were diagnosed and treated under specialist 
supervision. Initially, 97 patients with active RA 
using ETN alone as a single treatment who met 
the inclusion criteria were screened. However, only 
86 patients accepted to participate in this study 
and only 80 patients (10 males, 70 females; mean 
age: 50 years; range, 30 to 72 years) completed 
the requirements of the study. Inclusion criteria 
were as follows: having confirmed RA according 
to revised 2010 ACR/EULAR RA classification 
criteria; having high disease activity according to 
disease activity score based on 28 joints (DAS28) 
and erythrocyte sedimentation rate (ESR); i.e., the 
DAS28-ESR should be more than 5.1 at baseline; 
and requiring ETN treatment consistently for at 
least six months, with no history of missed doses. 
Exclusion criteria were as follows: using ETN 
for less than six months or more than one year; 
having concomitant diseases other connective 
tissue diseases; using additional DMARDs with 
ETN; and missing data.

Clinical evaluation and patient groups

As shown in Figure 1, the patients were 
classified into two groups according to EULAR 
response criteria,19 which are based on the 
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clinical response as determined by the DAS2820 
following at least six continuous months of ETN 
treatment.

When the DAS28 value after six months was 
reduced from a high value of ≥5.1 at baseline 
to a value less than 5.1 and with a change in 
DAS28 of greater than 0.6, the patient was 
designated an ETN responder. After six months 
of ETN treatment, the patient was classified as 
a non-responder, if the DAS28 value did not fall 
below 5.1 and if the change in the DAS28 was 
less than 0.6.

The patients were distributed according to 
their responses into two groups. The first group 
(Group A, n=41) consisted of RA patients who 
responded clinically to ETN. The second group 
(Group B, n=39) consisted of RA patients who 
failed to respond to ETN.

Data collection

Data on demographic characteristics (age, 
weight, disease duration, recent lab data such 
as ESR, white blood cell (WBC) count, tender 
and swollen joints, patients and Visual Analog 

Scale (VAS) scores were collected via patient 
interviews using a patient information chart 
explicitly designed for this study.

Sample collection and preparation

Each patient’s forearm vein was punctured 
to obtain 5 mm of venous blood. Two 
milliliters of blood were converted into an 
ethylenediaminetetraacetic acid (EDTA) tube for 
deoxyribonucleic acid (DNA) extraction. 

DNA extraction

The Promega ReliaPrepTM Blood gDNA 
Miniprep System for Genomic DNA (Promega 
Corp., WI, USA) provides a practical approach for 
purifying DNA from blood samples. Polymerase 
chain reaction (PCR) was used for enzymatic 
amplification with the Master Taq polymerase 
enzyme and a hybrid thermal cycler.

Primer

The TNF-a gene DNA sequences were taken 
from the NCBI GenBank database. Primer 
Premier 3 software was used to generate PCR 
primers (Table 1), with a melting temperature 

Figure 1. Study flowchart.

Patients who met the inclusion criteria 
(n=97)

Patients who accepted to participate 
(n=86)

Patients who refuse to participate 
(n=11)

Group (A)
Patients who responded to 

ETN (n=41)

Group (B)
Patients who failed to 

respond to ETN (n=39)

Patients who completed 
the study (n=80)

Patients with missing data
(n=6)
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of (58 to 62°C), a primer length of (18 to 23) 
nucleotides, and a PCR amplicon length of 
(800 to 1000) base pairs.

Primer optimization and PCR 
amplifications

To determine the optimal annealing 
temperature for primers, we amplified the 
DNA template using the identical primer pair 
(Forward) (Reverse) at annealing temperatures 
of 55, 58, 60, 63, and 65°C. The best 
annealing temperature for the primer was 60°C 
as seen in Figure 2. The PCR amplifications 
were performed with 20 μL volumes containing 
10 μL GoTaq® (Green Master Mix) (2¥); 1 μL 
for each primer (10 pmoL); 6 μL nuclease-
free water, then, 2 μL of template DNA. The 
following temperature program was used for 
PCR cycling with PCR Express (Thermal Cycler; 
Bio-Rad Laboratories Inc., Hercules, CA, USA): 
The DNA denatured at high temperature of 
94°C for 4 min initially followed by 30 cycles 
of denaturation at 94°C for 30 sec; annealing 
occurs at 60°C for 30 sec; and extension at 72°C 

for 30 sec. A final extension incubation period 
of 7 min at 72°C was included, followed by a 
10 min incubation at 4°C to stop the reactions.

Sequencing of PCR products

The PCR product was sequenced by Sanger 
method of sequencing using DNA analyzer 
(ABI3730XL) (Macrogen Corp., Seoul, South 
Korea). The results were obtained by electronic 
mail and analyzed with the use Geneious Prime 
software version 2021.1.1 (Biomatters Ltd., 
Auckland, New Zealand; www.geneious.com).

Statistical analysis

Statistical analysis was performed using 
the IBM SPSS for Windows version 26.0 
software (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism (GraphPad Software, CA, 
USA). Continuous variables were expressed in 
mean ± standard error of the mean (SEM) of the 
values. Allele and genotypes were presented in 
number and frequency. The Shapiro-Wilk test 
was used to test the normality of the results. The 
unpaired t-test was used for normally distributed 
data to determine a significant difference in 
demographic characteristics and parameters 
between the responders and non-responders. 
One-way analysis of variance (ANOVA) was 
used to analyze the difference between the 
means of more than two groups. Then, a post-
hoc analysis was used whenever a significant 
difference between three sample means was 
revealed by the ANOVA. The chi-square test 
or Fisher exact test was used to test group 
differences of proportions. The phi correlation 
coefficient (phi) was used to measure the 
correlation between each genotype and the 
likelihood of being a non-responder. A p 
value of <0.05 was considered statistically 
significant.

Table 1. The sequences of the primers, annealing temperature, product size (bp)

Primer name Sequence Annealing Temp. (°C) Product size (bp)

TNF-a 1-F 5`-TGTAAAACGACGGCCAGTCTCAGAGAGCTTCAGGGATA-3`
60 966

TNF-a 1-R 5`-CAGGAAACAGCTATGACCGGGACACACAAGCATCAA-3`

TNF-a 1-F: The forward primer; TNF-a 1-R: The reverse primer.

Figure 2. Primer optimization at ennealing temperatures 
of 55, 58, 60, 63 and 65°C.
TNF: Tumor necrosis factor.

1,500 bp

M 55 58 60 63 65

1,000 bp

500 bp

100 bp

TNF-1
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RESULTS

Demographic, disease and baseline 
clinical characteristics variables of the 
study groups

Demographic data of the study groups are 
presented in Table 2.

Prevalence of genotypes and alleles for 
all patients

Table 3 highlights the high proportions of 
GG genotypes in the -308G/A. Notably, in the 
-857C/T and -863C/A, the CC genotype was the 
most prevalent.

Table 3. Genotypes and alleles frequencies of -308G/A, -857C/T, -863C/A in RA patients (n=80) 

Genotypes n % n % n %

-308G/A

Genetic variant AA GA GG

No. (%) 6 7.5 13 16.25 61 76.25

Allele G A

No. (%) 74 93.75 19 23.75

-857C/T

Genetic variant CC CT

No. (%) 63 78.75 17 21.25

Allele C T

No. (%) 80 100 17 21.25

-863C/A

Genetic variant AA CA CC

No. (%) 9 11.25 13 16.25 58 72.5

Allele C A

No. (%) 71 88.75 22 27.5

Table 2. Demographic data and clinical characteristic parameters of the study

Responders group (n=41) Non-responders group (n=39)

Category n % Mean±SD n % Mean±SD p

Age (year) 49.5±10.5 51.2±12.0 0.49a

Sex
Male
Female

6
35

14.6
85.4

4
35

10.3
89.7

0.55c

0.55b

Weight (kg) 80.6±14.5 78.0±12.8 0.40a

Disease duration (year) 10.1±6.8 8.3±3.7 0.15a

Baseline WBC 11.1± 2.1 11.7±1.8 0.21a

WBC after six months 7.3±1.7 9.0±2.2 0.0003*a

Baseline ESR (mm/h) 49.9±20.1 67.3±19.8 0.0002*a

ESR after six months (mm/h) 21.1±13.9 56.4±21.1 <0.001*a

TNF-a (pg/mL) 78.6±34.1 113.4±54.5 0.0010*a

Baseline DAS28 5.6±0.3 6.1±0.4 0.06*a

DAS28 after six months 3.3±0.8 5.7±0.5 <0.001*a

SD: Standard deviation; WBC: White blood cell counts; ESR: Erythrocyte sedimentation rate; TNF-a: Tumor necrosis factor-alpha; 
DAS28: Disease activity score in 28 joints; a: Independent 2 sample t-test; b: Chi-square test; C: Fisher exact test; *: Significant differ-
ence between the groups.
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Additionally, the results of this study indicated 
that there was a significant incidence the GG 
genotype of -308G/A (p=0.01) and the AA 
genotype of -863C/A (p=0.01) in respondents’ 
group, whereas CC genotypes of -863C/A were 
significantly present in non-respondents’ group 
(p=0.01) (Table 4).

Regarding the difference in alleles frequencies 
between the responders and non-responders, the 
results show a significant difference in C and A 
alleles of -863C/A SNP (Table 4).

Correlations between genotypes and the 
likelihood of being non-responder

The phi coefficient analysis was used to 
investigate the correlation between each genotype 
and the tendency of being non-responder to 
ETN. Table 5 shows that the only genotype that 
appeared to raise the likelihood of being resistant 
to ETN was the CC of (-863C/A) SNP. On the 
other hand, The GG genotype of -308G/A was 
negatively correlated with the tendency for being 
a non-responder.

Correlations between the genotypes 
and difference in DAS28 over six months

As shown in Table 6, most of the differences 
between various genotypes regarding the 

Table 5. Correlation between each genotype and the 
likelihood of being a non-responder

Genotypes Phi-coefficient p

-308G/A

AA 0.171 0.13

GA 0.172 0.12

GG -0.245 0.02*

-857C/T

CC -0.013 0.91

CT 0.013 0.91

-863C/A

AA -0.217 0.05

CA -0.148 0.18

CC 0.311 0.005*

Phi-correlation coefficient was used to find the correlation between each 
genotype and the likelihood of being a non-responder. *: Significant dif-
ference between the groups.

Table 4. Difference in genotype and alleles frequencies of -308G/A, -857C/T, 
-863C/A between responders and non-responders

Responders’ group (n=41) Non-responders’ group (n=39)

Genotypes n % n % p

-308G/A

AA 1 2.4 5 12.8 0.10

GA 4 9.8 9 23.1 0.13

GG 36 87.8 25 64.1 0.012*

G 40 53.4 34 46.6 0.1

A 5 12.2 14 35.8 0.012

-857C/T

CC 33 80.5 30 76.9 0.69

CT 8 19.5 9 23.1 0.69

C 41 100 39 100 1

T 8 19.5 9 23 0.69

-863C/A

AA. 8 19.5 1 2.6 0.01*

CA 8 19.5 5 12.8 0.18

CC 25 61 33 84.6 0.01*

C 33 80.4 38 97.4 0.02*

A 16 39 6 25 0.001*

A Chi-square test or Fisher exact test was used to identify the statistical difference between the groups. *: Significant 
difference between the groups.
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change in DAS28 after six months of ETN 
treatment were not statistically significant. The 
only significant change was in the (-863C/A) 
SNP's genotypes. Post-hoc analysis revealed a 
significant difference (p=0.023) between the 
AA and CC genotypes.

Relationship between the presence of 
multiple genotypes and tendency of 
being non-responder

To determine if the existence of multiple 
genotypes in the same patient could result in 
non-response to ETN, the SNPs with the highest 
TNF-a level were selected. Then, the frequency 
of occurrence of these SNPs was determined 
to see whether there was a difference between 

responders and non-responders. As shown in 
Table 7, there was no statistically significant 
difference in the distribution of these genotypes 
between the two groups, except for the 
(-857CC) and (-863CC) genotypes, which were 
considerably more prevalent (up to 70%) in the 
non-responders group.

DISCUSSION

Pharmacogenetics is a major breakthrough 
in the research for genetic markers indicating 
the biological response to TNF-a inhibitors. 
Numerous polymorphisms have been examined 
in relation to TNF-a inhibitors responsiveness.21 
The current study examined the association 
between three SNPs in the TNF-a promoter 
region and the proclivity for resistance to ETN, a 
commonly used TNF-a inhibitor in the treatment 
of RA patients. Regarding the demographic 
characteristics, the results of the current study 
were comparable to those of another Iraqi study 
that assessed beliefs regarding medications 
among a sample of Iraqi patients with RA.22 
Concerning the genetic polymorphism testing, 
the present study results in a sample of 80 RA 
patients treated with ETN showed three SNPs 
in the promoter region of the TNF-a gene 
(-308G/A, -857C/T, and -863C/A).

Three previous studies23-25 conducted in 
Iraq explored the relation between a genetic 

Table 6. The change in DAS28 over six months between different genotypes in 
-308G/A, -857C/T, -863C/A TNF-a

Genotypes Mean±SD Mean±SD Mean±SD p

-308G/A

Genetic variant AA GA GG

ΔDAS28 0.92±1 1.37±1.19 1.012±1.24 0.45a

-857C/T

Genetic variant CC CT

ΔDAS28 1.31±0.15 1.14±0.3 0.61b

-863C/A

Genetic variant AA CA CC

ΔDAS28 2.26±0.77 1.29±1.16 1.13±1.20 0.03*a

SD: Standard deviation; ΔDAS28: The change in disease activity score of 28 joints over six months; a: One-way 
ANOVA used to find the statistical difference; b: Unpaired t-test used to find the statistical difference; 
*: Significant difference between the groups.

Table 7. The distribution of multiple genotypes 
between the responders and non-responders’ groups

Response group 
No. (n=41)

Nonresponse group 
No. (n=39)

n % n % p

(-308AA) 
(-857CC) 
(-863CC)

0 0 3 7.6 0.11

(-857CC) 
(-863CC)

15 36.5 27 69.2 0.004*

(-308AA) 
(-857CC)

0 0 4 10.25 0.05

A chi-square test or Fisher exact test was used to identify the statistical 
difference between the groups; *: Significant difference between the 
groups.
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polymorphism in the promoter section of TNF-a 
and RA in a sample of Iraqi patients. However, 
none of them examined the association between 
these SNPs and resistant to ETN. Additionally, 
these investigations examined only one or two 
SNPs, in contrast to the current study. The 
existence of these polymorphic sites in the 
current and earlier researches indicates that 
TNF-a site in Iraqi patients is highly polymorphic 
and may alter ETN responsiveness.

Globally, many studies have examined 
the effect of a combination of SNPs in the 
TNF-a gene on the response to anti-TNF-a.16 
The SNPs -857C/T, -308G/A, -238G/
A, and +489G/A in the TNF-a gene and 
their association to therapeutic efficacy were 
evaluated in 58 RA patients taking infliximab.26 
Similarly, an association study of five TNF-a 
related SNPs (-308G/A, -238G/A, and 
-857C/T) was conducted in 280 RA patients 
treated with different TNF-a inhibitors.27 All 
of these studies demonstrated that TNF-a 
was worthy to investigate to determine the 
effect of genetic variation on biological drug 
response. Regarding the prevalence of -308G/A 
genotypes, the current study confirmed that 
the GG genotype of -308G/A was present in 
more than three-quarters of the participants, 
followed by heterozygote GA and the lowest 
one, homozygote AA. In addition, the G allele 
was present in more than 90% of patients, while 
the A allele was only present in 25% of patients. 
These findings are consistent with the Alanzy 
et al.24 study, which covered Iraqi RA patients 
in Babylon province and revealed that GG and 
GA genotypes were present in 60% and 40% 
of RA patients, respectively, and the proportion 
of G to A allele was 80/20. Regarding the AA 
genotype, the results of Alanzy et al.24 showed 
that none of the patients had AA genotype, 
unlike the present study results, which found six 
patients with AA genotype. Nevertheless, the 
findings of the present study differ from those 
of Ahmed et al.,25 who identified a significant 
prevalence (58%) of AA genotype in the Iraqi 
RA patients in Najaf province, whereas GG 
was observed in (19%) only and the proportion 
of G to A was 30/70. The difference between 
prior studies and the current study could 
be related to the fact that the present study 
included patients from several governorates in 

Iraq, which may reflect some ethnic diversity, as 
opposed to earlier studies, which only examined 
patients from one governorate.

Various studies have examined the effect of 
the -308G/A polymorphism on TNF-a blocker 
responsiveness and the effect of these variants 
on increased susceptibility to and severity of 
RA.28-31 The present study outcomes indicated 
no significant variance in the availability 
of GA and AA genotypes of the -308G/A 
polymorphism between responsive and non-
responsive groups; however, the GG genotype 
was significantly present in the responsive 
group. This result is consistent with many 
studies that show RA patients with a -308GG 
genotype respond better to ETN than patients 
with other genotypes.28-30 

Although the current study did not discover 
any association between the AA genotype 
of -308G/A and the proclivity for being 
non-responder to ETN in Iraqi patients, 
this result contradicts with earlier findings. 
Previous studies showed a correlation between 
the AA genotype and the proclivity for non-
response in Hungarian,32 Sweden,33 Spain,34 
and Switzerland35 patients in which those with 
-308 A/A homozygotes respond less favorably 
to ETN than patients with other genotypes 
in these four populations. The discrepancy 
between this study and other studies can be 
explained by the fact that the -308A allele is 
linked to other genes implicated in the severity 
of RA or resistance to ETN.36 However, this 
linkage disequilibrium with other genes may not 
be present in our sample RA patients in addition 
to the current study's low availability of A allele, 
or ethnic discrepancy may have contributed to 
the study's failure to prove the influence of the 
AA genotype. Concerning the prevalence of 
-857C/T genotypes, the result showed that the 
CC genotype was the most prevalent, occurring 
in more than three-quarters of participants. 
Furthermore, the C allele was detected in 
all patients, whereas the T allele was only 
discovered in 18.75% of patients.

There was no prior study performed in Iraq 
and investigated -857C/T on RA or even other 
individuals to compare it to; however, the results 
were comparable to those of another study with a 
Caucasian patient with RA37 and Iranian patients 
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with cystic fibrosis38 which investigated the -857C/
T in RA and cystic fibrosis respectively. However, 
the present finding contrasts with a Chinese study 
that found a much greater incidence of the -857T 
allele in patients with RA.39

Moreover, the current study demonstrated 
that both genotypes CC and CT were 
similarly distributed between responsive and 
non-responsive patients, with no statistically 
significant difference between the two groups 
and no correlation with ETN response. This 
result is in contrast to a study by Kang et al.,40 
which found that patients with the T allele of 
the TNF-a -857C/T SNP responded better to 
ETN therapy than homozygotes for the C allele, 
suggesting that the T allele might become a 
valuable genetic marker for response prediction 
in Korean RA patients. Additionally, the current 
results contradicted two other studies conducted 
in Poland41 and China,39 which discovered a 
relationship between -857C/T and anti-TNF 
therapy response and that the TT genotype 
was associated with a more excellent response 
to anti-TNF-a therapy. Also, in Chinese Han 
patients with ankylosing spondylitis, SNPs at 
-857CC genotypes can predict a favorable 
response to TNF-a blockers.42 Additionally, 
a meta-analysis of diverse ethnic groups 
discovered an association between Caucasians' 
-857C/A C allele and their responsiveness to 
TNF-inhibitors, but not in Asians.43 Alternatively, 
numerous studies demonstrate that TNF-857C 
enhances the response to ETN, while there is 
inconsistent and non-significant evidence for 
this connection.44 This discrepancy in outcomes 
of the current study with previous studies can 
be related to the low prevalence of the T allele 
in Iraqi RA patients who participated in the 
present study.

In case of -863C/A genotypes, the present 
study findings indicated that the CC genotype 
was the most prevalent in more than half of the 
participants, followed by the CA genotype, and 
the AA genotype was the least prevalent. In 
terms of allele distribution, the C allele was the 
most prevalent, occurring in more than 87% of 
patients, whereas the A allele occurred in only 
30% of patients.

This study is the first to investigate the 
genotyping of -863C/A in Iraqi RA patients or 

even other patients. However, the findings were 
comparable to those of a study that examined the 
risk of RA in the Chinese Han population with 
RA.45 In addition, the results are comparable to 
a study that examined the association between 
Behçet’s disease and TNF-a gene polymorphisms 
in a sample of Moroccan patients.46 Moreover, the 
results are comparable to a study that examined the 
relationship between the -863C/A polymorphism 
and type 2 diabetes in a Tunisian diabetic patient 
population.47

The most remarkable result of the current 
study was a statistically significant positive link 
between the CC genotype and a tendency to 
be non-responder to ETN and a statistically 
significant link of AA genotypes with a 
tendency to be a responder. Likewise, the 
current investigation confirmed that the C 
allele was significantly more prevalent in the 
non-responsive group, while the A allele was 
significantly observed in the responsive group.

It is interesting to note that our study is the 
first to examined the relationship between the 
TNF-a -863C/A polymorphism and response to 
ETN in RA patients. However, in two studies 
involving RA patients from northwest China’s 
Han population48 and Thai RA patients,49 
TNF-a -863C/A was strongly associated with 
RA susceptibility. Nevertheless, this association 
was not confirmed in another Pakistani study,50 
or the results showed a weak association in the 
North Indian population study.51

The present study findings can be explained 
by the fact that carriers of the rare -863AA 
genotype had lower serum TNF-a levels and 
a significant change in DAS28 than carriers 
of the CC genotype. This finding is consistent 
with the findings of a prospective study done 
by Boehm et al.52 that measured TNF-a levels 
in patients genotyped for TNF-a -863C/A. The 
DAS28 score is the most often used outcome 
measure in investigating therapy response 
in RA.53 The current investigation could not 
confirm a significant association between a 
change in DAS28 after six months of continuous 
ETN treatment and specific genotype, except 
for the AA genotype of (-863C/A), which is 
associated with the most remarkable change in 
DAS28. However, numerous prior investigations 
demonstrate that some genotypes are associated 
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with a considerable effect on DAS28 variation. 
A study examined the effect of the (-308G/A) 
polymorphism on ETN treatment in RA discovered 
that the GG genotype was linked with a more 
notable change in DAS28.54 The same effect of GG 
genotypes on DAS28 change was also confirmed 
with infliximab.55 Another study discovered that 
the change in DAS28 was significantly lower in 
patients with C homozygous for the -857C/T 
variant, whereas the T allele caused a significant 
alteration in DAS28, compared to carriers of the 
C allele.41

Furthermore Kang et al.40 found a non-
significant change in ACR20 or ACR70 linked 
with -1031T/C and -863C/A polymorphisms in a 
sample of Korean RA patients. The discrepancy 
between the results of the current study and 
that of previous studies can be explained, 
as subjective scores, particularly DAS28, are 
vulnerable to heterogeneity depending on the 
reporting clinician. In addition, it is self-evident 
that joint tenderness measurement and patient 
perceptions of disease activity are two areas 
prone to confounding, as there is no objective 
metric to validate clinical judgment.53

In addition to the differences in research 
design, clinical outcomes assessed (DAS28-ESR 
vs. DAS28-CRP), anti-TNF medicine utilized, 
concomitant disease-modifying antirheumatic 
therapies (DMARDs) in some studies, sex ratios, 
and sample size. To ascertain whether the 
presence of numerous genotypes in a single 
patient can result in a tendency to be non-
responder to ETN, the SNPs with the highest 
TNF-a level were chosen. Following that, the 
frequency of occurrence of these SNPs together 
was assessed to determine whether there was 
a difference between the responders' and non-
responders’ groups. Except for the existence 
of both (-857CC) and (-863CC) genotypes 
together, the current investigation found no 
significant difference in the distribution of 
these genotypes between the two groups. This 
finding can be explained by the fact that both 
genotypes are associated with an increased risk 
of being non-responder to ETN or high TNF-a 
level according to several previous studies40,43,52 
and, thus, the presence of both genotypes in 
the same patient increases the likelihood of 
being non-responder.

Compared to previous studies, the results 
revealed controversial outcomes. According to 
the study done by Udalova et al.,56 the -857C 
and -863A alleles, which is associated with 
a high TNF-a producer, were related with a 
low anti-TNF-a response, whereas the -857T 
and -863C haplotype, which is linked with a 
low TNF-a producer, was associated with a 
high anti-TNF-a response. Another study that 
examined gene polymorphisms of -238G/A, 
-308G/A and -857C/T found that the -238G, 
-308G, or -857C haplotype in a homozygous 
form was significantly accompanying with a 
lesser response as measured by (ACR50) with 
adalimumab.57

This study has several limitations. First, this 
study has a relatively small sample size, which 
may be attributed to the restricted number of 
patients who used ETN monotherapy and all 
other inclusion criteria were met. Second, as the 
current study is limited to a single-center, caution 
may be required before generalizing the findings 
to all Iraqi RA patients. However, our center 
serve patients from different governorates in 
Iraq. Finally, the authors were unable to conduct 
a more powerful prospective cohort study by 
selecting only patients with specific genotypes 
and following them for six months, owing to 
the small number of patients who received 
only ETN, insufficient financial resources, and 
the lengthy time frame required to recruit a 
sufficient number of patients and conduct this 
type of study.

In conclusion, the presence of the -863CC 
genotype, alone or in combination with -857CC, 
is linked to an increased likelihood of becoming 
a non-responder to ETN, implying that it is a 
valuable marker in Iraqi RA patients for predicting 
the tendency to be a non-responder. The GG 
genotype of -308G/A and the AA genotype of 
-863C/A, on the other hand, significantly increase 
the likelihood of becoming a responder to ETN. 
These results suggest the need for investigating 
RA patients for the availability of the -863CC 
genotype with -857CC before administration of 
ETN.

Ethics Committee Approval: The study protocol 
was approved by the Scientific and Ethical Committee 
in College of Pharmacy, University of Baghdad and 
Rheumatology Medical Department at Baghdad Teaching 



623Etanercept response and TNF polymorphism

Hospital (date: 03.10.2020, no: RECACPUB-3102020B). 
The study was conducted in accordance with the principles 
of the Declaration of Helsinki.

Patient Consent for Publication: A written 
informed consent was obtained from each patient.

Data Sharing Statement: The data that support the 
findings of this study are available from the corresponding 
author upon reasonable request.

Author Contributions: The researcher who perform 
the practical work in hospital: S.M.; The 1st supervisor 
for the PhD. research, writing guide, statistics: M.Z.; 
The second supervisor who responsible for patients 
selection,writing guide: F.G.

Conflict of Interest: The authors declared no 
conflicts of interest with respect to the authorship and/or 
publication of this article.

Funding: The authors received no financial support 
for the research and/or authorship of this article.

REFERENCES

1. Abbasi M, Mousavi MJ, Jamalzehi S, Alimohammadi 
R, Bezvan MH, Mohammadi H, et al. Strategies 
toward rheumatoid arthritis therapy; the old and the 
new. J Cell Physiol 2019;234:10018-31. 

2. Ma MH, Kingsley GH, Scott DL. A systematic 
comparison of combination DMARD therapy and 
tumour necrosis inhibitor therapy with methotrexate in 
patients with early rheumatoid arthritis. Rheumatology 
(Oxford) 2010;49:91-8. 

3. Moreland LW, Margolies G, Heck LW Jr, Saway 
A, Blosch C, Hanna R, et al. Recombinant soluble 
tumor necrosis factor receptor (p80) fusion protein: 
Toxicity and dose finding trial in refractory rheumatoid 
arthritis. J Rheumatol 1996;23:1849-55. 

4. Chen M, Peng D, Zhang Z, Zuo G, Zhao G. Efficacy 
of etanercept for treating the active rheumatoid 
arthritis: An updated meta-analysis. Int J Rheum Dis 
2016;19:1132-42. 

5. Chen HA, Lin KC, Chen CH, Liao HT, Wang HP, 
Chang HN, et al. The effect of etanercept on anti-
cyclic citrullinated peptide antibodies and rheumatoid 
factor in patients with rheumatoid arthritis. Ann 
Rheum Dis 2006;65:35-9. 

6. van Vollenhoven RF, Østergaard M, Leirisalo-
Repo M, Uhlig T, Jansson M, Larsson E, et al. 
Full dose, reduced dose or discontinuation of 
etanercept in rheumatoid arthritis. Ann Rheum 
Dis 2016;75:52-8. 

7. Cui J, Stahl EA, Saevarsdottir S, Miceli C, Diogo 
D, Trynka G, et al. Genome-wide association study 
and gene expression analysis identifies CD84 as 
a predictor of response to etanercept therapy in 
rheumatoid arthritis. PLoS Genet 2013;9:e1003394. 

8. Wiens A, Venson R, Correr CJ, Otuki MF, Pontarolo R. 
Meta-analysis of the efficacy and safety of adalimumab, 
etanercept, and infliximab for the treatment of rheumatoid 
arthritis. Pharmacotherapy 2010;30:339-53. 

9. Baseggio L, Bartholin L, Chantome A, Charlot C, 
Rimokh R, Salles G. Allele-specific binding to the -308 
single nucleotide polymorphism site in the tumour 
necrosis factor-alpha promoter. Eur J Immunogenet 
2004;31:15-9.

10. Bergman MJ, Kivitz AJ, Pappas DA, Kremer JM, 
Zhang L, Jeter A, et al. Clinical utility and cost 
savings in predicting inadequate response to anti-TNF 
therapies in rheumatoid arthritis. Rheumatol Ther 
2020;7:775-92. 

11. Ma MHY, Defranoux N, Li W, Sasso EH, Ibrahim 
F, Scott DL, et al. A multi-biomarker disease activity 
score can predict sustained remission in rheumatoid 
arthritis. Arthritis Res Ther 2020;22:158. 

12. Scardapane A, Ferrante R, Nozzi M, Savino A, 
Antonucci I, Dadorante V, et al. TNF-a gene 
polymorphisms and juvenile idiopathic arthritis: 
Influence on disease outcome and therapeutic 
response. Semin Arthritis Rheum 2015;45:35-41. 

13. Pavy S, Toonen EJ, Miceli-Richard C, Barrera P, van 
Riel PL, Criswell LA, et al. Tumour necrosis factor 
alpha -308G->A polymorphism is not associated with 
response to TNFalpha blockers in Caucasian patients 
with rheumatoid arthritis: Systematic review and meta-
analysis. Ann Rheum Dis 2010;69:1022-8. 

14. Murdaca G, Gulli R, Spanò F, Lantieri F, Burlando 
M, Parodi A, et al. TNF-a gene polymorphisms: 
Association with disease susceptibility and response 
to anti-TNF-a treatment in psoriatic arthritis. J Invest 
Dermatol 2014;134:2503-9. 

15. Morales-Lara MJ, Cañete JD, Torres-Moreno D, 
Hernández MV, Pedrero F, Celis R, et al. Effects 
of polymorphisms in TRAILR1 and TNFR1A on 
the response to anti-TNF therapies in patients with 
rheumatoid and psoriatic arthritis. Joint Bone Spine 
2012;79:591-6. 

16. Pallio G, Mannino F, Irrera N, Eid AH, Squadrito 
F, Bitto A. Polymorphisms involved in response 
to biological agents used in rheumatoid arthritis. 
Biomolecules 2020;10:1203. 

17. Danila MI, Hughes LB, Bridges SL. Pharmacogenetics of 
etanercept in rheumatoid arthritis. Pharmacogenomics 
2008;9:1011-5. 

18. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson 
DT, Bingham CO 3rd, et al. 2010 Rheumatoid 
arthritis classification criteria: An American College 
of Rheumatology/European League Against 
Rheumatism collaborative initiative. Arthritis Rheum 
2010;62:2569-81. 

19. Fransen J, van Riel PL. The Disease Activity Score 
and the EULAR response criteria. Rheum Dis Clin 
North Am 2009;35:745-57. 

20. Prevoo ML, van 't Hof MA, Kuper HH, van Leeuwen 
MA, van de Putte LB, van Riel PL. Modified 



Arch Rheumatol624

disease activity scores that include twenty-eight-joint 
counts. Development and validation in a prospective 
longitudinal study of patients with rheumatoid arthritis. 
Arthritis Rheum 1995;38:44-8. 

21. Murdaca G, Spanò F, Contatore M, Guastalla A, 
Magnani O, Puppo F. Pharmacogenetics of 
etanercept: Role of TNF-a gene polymorphisms 
in improving its efficacy. Expert Opin Drug Metab 
Toxicol 2014;10:1703-10. 

22. Faiq MK, Kadhim DJ, Gorial FI. Belief about medicines 
among a sample of Iraqi patients with rheumatoid 
arthritis. Iraqi J Pharm Sci 2019;28:134-41.

23. Mahmood AS, Al-Kazaz AKA, Ad'hiah AH. A 
single nucleotide polymorphism of tumor necrosis 
factor alpha gene (rs1800629) is not associated with 
rheumatoid arthritis in a sample of Iraqi patients. J 
Genet Environ Resour Conserv 2017;5:59-63.

24. Alanzy AK, Altaee AH, Alrubiae SJ. Serum tumor 
necrosis factor alpha and gene polymorphisms in 
rheumatoid arthritis patients in Babylon Province, 
Iraq. Journal of Global Pharma Technology 
2018;10:387-95.

25. Alwaeli AZ , Albarqaawee AC, Alsalami EH. Joints’ 
changes in rheumatoid arthritis is reduced by 
polymorphism of TNF-a (-238 G/A -308 G/A) and 
IL-1b (+3953 C/T) in Najaf population. EurAsian 
Journal of BioSciences 2020;14:5405-12. 

26. Chatzikyriakidou A, Georgiou I, Voulgari PV, 
Venetsanopoulou AI, Drosos AA. Combined 
tumour necrosis factor-alpha and tumour necrosis 
factor receptor genotypes could predict rheumatoid 
arthritis patients' response to anti-TNF-alpha 
therapy and explain controversies of studies based 
on a single polymorphism. Rheumatology (Oxford) 
2007;46:1034-5.

27. Swierkot J, Bogunia-Kubik K, Nowak B, Bialowas K, 
Korman L, Gebura K, et al. Analysis of associations 
between polymorphisms within genes coding 
for tumour necrosis factor (TNF)-alpha and TNF 
receptors and responsiveness to TNF-alpha blockers 
in patients with rheumatoid arthritis. Joint Bone Spine 
2015;82:94-9. 

28. Lee YH, Rho YH, Choi SJ, Ji JD, Song GG. 
Association of TNF-alpha -308 G/A polymorphism 
with responsiveness to TNF-alpha-blockers in 
rheumatoid arthritis: A meta-analysis. Rheumatol Int 
2006;27:157-61.

29. Cuchacovich M, Soto L, Edwardes M, Gutierrez M, 
Llanos C, Pacheco D, et al. Tumour necrosis factor 
(TNF)alpha -308 G/G promoter polymorphism and 
TNFalpha levels correlate with a better response to 
adalimumab in patients with rheumatoid arthritis. 
Scand J Rheumatol 2006;35:435-40. 

30. Zeng Z, Duan Z, Zhang T, Wang S, Li G, Gao J, 
et al. Association between tumor necrosis factor-a 
(TNF-a) promoter -308 G/A and response to TNF-a 
blockers in rheumatoid arthritis: A meta-analysis. Mod 
Rheumatol 2013;23:489-95. 

31. O'Rielly DD, Roslin NM, Beyene J, Pope A, Rahman P. 
TNF-alpha-308 G/A polymorphism and responsiveness 
to TNF-alpha blockade therapy in moderate to severe 
rheumatoid arthritis: A systematic review and meta-
analysis. Pharmacogenomics J 2009;9:161-7. 

32. Balog A, Klausz G, Gál J, Molnár T, Nagy F, Ocsovszky 
I, et al. Investigation of the prognostic value of TNF-
alpha gene polymorphism among patients treated 
with infliximab, and the effects of infliximab therapy 
on TNF-alpha production and apoptosis. Pathobiology 
2004;71:274-80. 

33. Padyukov L, Lampa J, Heimbürger M, Ernestam S, 
Cederholm T, Lundkvist I, et al. Genetic markers 
for the efficacy of tumour necrosis factor blocking 
therapy in rheumatoid arthritis. Ann Rheum Dis 
2003;62:526-9. 

34. Martinez A, Salido M, Bonilla G, Pascual-Salcedo D, 
Fernandez-Arquero M, de Miguel S, et al. Association 
of the major histocompatibility complex with response 
to infliximab therapy in rheumatoid arthritis patients. 
Arthritis Rheum 2004;50:1077-82. 

35. Seitz M, Wirthmüller U, Möller B, Villiger PM. The 
-308 tumour necrosis factor-alpha gene polymorphism 
predicts therapeutic response to TNFalpha-blockers in 
rheumatoid arthritis and spondyloarthritis patients. 
Rheumatology (Oxford) 2007;46:93-6. 

36. Jawaheer D, Li W, Graham RR, Chen W, Damle A, 
Xiao X, et al. Dissecting the genetic complexity of the 
association between human leukocyte antigens and 
rheumatoid arthritis. Am J Hum Genet 2002;71:585-94. 

37. Emonts M, Hazes MJ, Houwing-Duistermaat JJ, van 
der Gaast-de Jongh CE, de Vogel L, Han HK, et al. 
Polymorphisms in genes controlling inflammation and 
tissue repair in rheumatoid arthritis: A case control 
study. BMC Med Genet 2011;12:36. 

38. Hassanzad M, Farnia P, Ghanavi J, Parvini F, Saif S, 
Velayati AA. TNFa -857 C/T and TNFR2 +587 T/G 
polymorphisms are associated with cystic fibrosis in 
Iranian patients. Eur J Med Genet 2019;62:103584.

39.  XIE Bao-zhao HJ, WANG Ming-xia, ZHU Shang-
ling, CAO Shuang-yan, WEI Qiu-jing G. Influence of 
tumor necrosis factor-alpha promoter single nucleotide 
polymorphisms on clinical response to tumor necrosis 
factor blocker treatment in patients with rheumatoid 
arthritis from Guangdong Han population. Chinese J 
New Drugs Clin Remedies [Internet]. [cited 2021 Jul 
13];2011;1:865-70. Available at: https://en.cnki.com.
cn/Article_en/CJFDTotal-XYYL201111017.htm

40. Kang CP, Lee KW, Yoo DH, Kang C, Bae SC. The 
influence of a polymorphism at position -857 of 
the tumour necrosis factor alpha gene on clinical 
response to etanercept therapy in rheumatoid arthritis. 
Rheumatology (Oxford) 2005;44:547-52.

41. Swierkot J, Iwaszko M, Gebura K, Nowak B, Korman 
L, Kolossa K, et al. OP0071 Tnf-alpha, TNF receptor, 
HLA-E and NKG2A gene polymorphisms and 
response to anti-TNF-alpha treatement in rheumatoid 
arthritis. Annals of the Rheumatic Diseases 2014;73 
Suppl 2:87-8.



625Etanercept response and TNF polymorphism

42. Tong Q, Zhao DB, Bajracharya P, Xu X, Kong RN, 
Zhang J, et al. TNF-a -857 and -1031 polymorphisms 
predict good therapeutic response to TNF-a blockers 
in Chinese Han patients with ankylosing spondylitis. 
Pharmacogenomics 2012;13:1459-67. 

43. Song GG, Seo YH, Kim JH, Choi SJ, Ji JD, Lee YH. 
Association between TNF-a (-308 A/G, -238 A/G, 
-857 C/T) polymorphisms and responsiveness to 
TNF-a blockers in spondyloarthropathy, psoriasis and 
Crohn’s disease: A meta-analysis. Pharmacogenomics 
2015;16:1427-37. 

44. Murdaca G, Negrini S, Magnani O, Penza E, 
Pellecchio M, Puppo F. Impact of pharmacogenomics 
upon the therapeutic response to etanercept in 
psoriasis and psoriatic arthritis. Expert Opin Drug Saf 
2017;16:1173-9. 

45. Li F, Gao J, Sokolove J, Xu J, Zheng J, Zhu K, et al. 
Polymorphisms in the TNF-a, TNFR1 gene and risk 
of rheumatoid arthritis in Chinese Han population. Int 
J Immunogenet 2014;41:499-502.

46. Radouane A, Oudghiri M, Chakib A, Bennani S, 
Touitou I, Barat-Houari M. SNPs in the TNF-a 
gene promoter associated with Behcet's disease 
in Moroccan patients. Rheumatology (Oxford) 
2012;51:1595-9. 

47. Kallel A, Ftouhi B, Jemaa Z, Mahjoubi I, Feki M, 
Slimane H, et al. Tumor necrosis factor-a (TNF-a) 
-863C/A promoter polymorphism is associated with 
type 2 diabetes in Tunisian population. Diabetes Res 
Clin Pract 2013;102:e24-8. 

48. You CG, Li XJ, Li YM, Wang LP, Li FF, Guo 
XL, et al. Association analysis of single nucleotide 
polymorphisms of proinflammatory cytokine and their 
receptors genes with rheumatoid arthritis in northwest 
Chinese Han population. Cytokine 2013;61:133-8. 

49. Hirankarn N, Nakkuntod J, Duangchalermwong P, 
Deesomchok U, Charoenwongse P. The association 
of DRB1*04 share epitope alleles and tumor 
necrosis factor-alpha gene polymorphism (-863) 

with susceptibility to rheumatoid arthritis in Thai. 
Rheumatol Int 2007;28:161-5. 

50. Sadaf T, John P, Bhatti A, Malik JM. Lack of 
association of -863C/A (rs1800630) polymorphism of 
tumor necrosis factor-a gene with rheumatoid arthritis. 
Arch Med Sci 2019;15:531-6. 

51. Gambhir D, Lawrence A, Aggarwal A, Misra R, 
Mandal SK, Naik S. Association of tumor necrosis 
factor alpha and IL-10 promoter polymorphisms 
with rheumatoid arthritis in North Indian population. 
Rheumatol Int 2010;30:1211-7. 

52. Boehm J, Hauner K, Grammer J, Dietrich W, 
Wagenpfeil S, Braun S, et al. Tumor necrosis factor-a 
-863 C/A promoter polymorphism affects the 
inflammatory response after cardiac surgery. Eur J 
Cardiothorac Surg 2011;40:e50-4. 

53. Prajapati R, Plant D, Barton A. Genetic and genomic 
predictors of anti-TNF response. Pharmacogenomics 
2011;12:1571-85.

54. Guis S, Balandraud N, Bouvenot J, Auger I, Toussirot 
E, Wendling D, et al. Influence of -308 A/G 
polymorphism in the tumor necrosis factor alpha 
gene on etanercept treatment in rheumatoid arthritis. 
Arthritis Rheum 2007;57:1426-30.

55. Mugnier B, Balandraud N, Darque A, Roudier C, 
Roudier J, Reviron D. Polymorphism at position -308 
of the tumor necrosis factor alpha gene influences 
outcome of infliximab therapy in rheumatoid arthritis. 
Arthritis Rheum 2003;48:1849-52. 

56. Udalova IA, Richardson A, Denys A, Smith C, 
Ackerman H, Foxwell B, et al. Functional consequences 
of a polymorphism affecting NF-kappaB p50-p50 
binding to the TNF promoter region. Mol Cell Biol 
2000;20:9113-9. 

57. Miceli-Richard C, Comets E, Verstuyft C, Tamouza 
R, Loiseau P, Ravaud P, et al. A single tumour 
necrosis factor haplotype influences the response to 
adalimumab in rheumatoid arthritis. Ann Rheum Dis 
2008;67:478-84. 


