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ABSTRACT

Background. Gene polymorphisms affect etanercept’s pharmacokinetics, pharmacodynamics, and side effects. This effect
is evidenced by the extensive genetic variation in the drug’s targets.

Objectives. This study aims to find the association between different genotypes of the promoter region of the TNF-a gene
at-308G/A(rs1800629), -857C/T(rs1799724), -863 C/A(rs1800630), -1031 T/C (rs1799964), -806 C/T (rs4248158) and -376
G/A (rs1800750) and the side effects of ETN that occurred to Iragi RA patients.

Method. The trial included patients with rheumatoid arthritis who had been using ETN for at least six months. The
participants were from the Baghdad Teaching Hospital Rheumatology Unit. The PCR was sequenced to determine the
polymorphism in the TNF promoter region at sites -308 G/A (rs1800629), -857 C/T (rs1799724), -863 C/A (rs1800630),
-1031 T/C (rs1799964), and -376 G/A (rs4248158) (rs1800750). The link between the genetic variation at these loci and
the etanercept’s most frequent adverse effect was then investigated.

Results. The only genotype of (-376 G/A) significantly related to an increased risk of upper respiratory tract infection is
the GG genotype, according to the results of this study. However, genotypes for the remaining SNPs did not demonstrate
a statistically significant association between ETN and an increased risk of upper respiratory tract infections, injection site
response, or skin rash in patients.

Conclusion. This study revealed that only the GG genotype of (-376 G/A) was significantly associated with an elevated risk
of upper respiratory tract infection.
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genetic polymorphism, TNF-a

INTRODUCTION

Over the past two decades, rheumatoid arthritis
(RA) patients have had access to various therapy op-
tions. This diversity is crucial since many patients
will require many drugs to attain and maintain opti-
mal disease management during the duration of
their illness [1].

Tumor necrosis-alpha (TNF-a) antagonists are re-
garded as the most effective approach for treating a
number of rheumatic diseases, including RA. The ful-
ly humanized dimeric fusion protein etanercept

(ETN) is among the most effective TNF antagonists.
Etanercept has been demonstrated to promote remis-
sion, reduce disease activity, and prevent clinical and
radiological disease progression in RA patients, re-
sulting in significant improvements in symptoms,
function, and quality of life [2].

Etanercept is a well-tolerated biological drug [3]
that provides a long-term therapy option with sus-
tained effectiveness and excellent safety in clinical
practice [4]. Most often reported adverse effects are
injection site reactions, rhinitis, and upper respirato-
ry tract infections [3].
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Pneumonia, upper respiratory infection, abscess,
bronchitis, gastroenteritis, septic arthritis, sepsis,
peritonitis, and wound infections were among the se-
rious illnesses related to ETN usage [5].

Regarding the influence of ETN on the cardiovas-
cular system, the results are contested. Moreover,
several studies suggested that long-term usage may
be related to an increased risk of cardiovascular dis-
ease (CVD), such as acute myocardial infarction (MI)
[6,7]. Contrastingly, some research revealed that
there was no increase in CVD-related mortality with
TNF-a antagonist therapy [5].

To improve the clinical and economic efficacy and
decrease the adverse effects of RA treatment, scien-
tists are attempting to build a genetic testing method-
ology for many biologic medications’ personalization
[8]. Gene polymorphisms influence the pharmacoki-
netics, pharmacodynamics, and adverse effects of
etanercept, as proven by the numerous polymor-
phisms of this drug’s targets [8].

Although the genetic polymorphism influence of
the TNF-a gene on the clinical response to etanercept
has been extensively explored [9-12], neither Iraqi nor
international researchers have investigated the associ-
ation between ETN adverse effects and genetic poly-
morphism in the TNF-a gene. Accordingly, this study
aims to find the association between different geno-
types of the promoter region of the TNF-a gene at
-308G/A(rs1800629), -857C/T (rs1799724), -863 C/A
(rs1800630),-1031 T/C (rs1799964), -806 C/T (rs4248158)
and -376 G/A (rs1800750) and the side effects of ETN
that occurred to Iraqi RA patients.

PATIENTS AND METHODS
Study design

This paper is a part of a larger study [10,13] which
performed with a suitable convenient sample of eighty
Iraqgi RA patients with established RA according to the
revised 2010 American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) Classi-
fication Criteria for RA [14].

All study participants were recruited from the
Rheumatology Unit at the Baghdad Teaching Hospital
in Baghdad, Iraq. This unit supports various Iraqi pop-
ulations, including rural, urban, and inner-city loca-
tions from multiple governorates.

All patients were identified and treated under the
supervision of specialists at the Rheumatology Unit of
Baghdad Teaching Hospital (Baghdad, Iraq) between
October 12, 2020, and August 8, 2021.

Patients selection

Ninety-seven individuals met the inclusion criteria
with active RA utilizing ETN alone as a single therapy.
However, only eighty-six patients agreed to participate
in the trial, and only eighty patients fulfilled the study’s

m

requirements. Written consent was obtained from all
participants.

The inclusion criteria

1 - Patients must be diagnosed with rheumatoid ar-
thritis according to revised 2010 ACR/EULAR RA
classification criteria [14].

2 - Patients with high disease activity as measured
by disease activity score based on 28 joints and
ESR (DAS28-ESR), i.e., DAS28-ESR should be
greater than 5.1 at baseline.

3 - Patients were also required to have taken ETN
regularly for a minimum of six months with no
history of missing doses.

Exclusionary criteria

1 - Patients who have used ETN for less than six
months or longer than a year.

2 - Patients having other connective tissue disor-
ders.

3 - Patients that combine ETN with extra DMARDSs.
4 - Inadequate data.

Data collection

Data on demographic characteristics (age, weight,
disease duration, recent lab data such as ESR, tender
and swollen joints, patients’ and evaluators’ VAS scores,
and ETN side effects during the previous six months of
usage) were gathered through patient interviews using
a patient information chart designed specifically for
this study.

Collection and preparation of samples

Five milliliters of venous blood were extracted from
the forearm vein of each participant. Two milliliters of
blood were transferred to a tube containing ethylene
diamine tetra acetic acid (EDTA) for DNA extraction.

DNA extraction

Using the Promega DNA extraction Kit, DNA from
blood samples was purified. PCR was employed for en-
zymatic amplification with Master Taq polymerase en-
zyme and a hybrid thermal cycler following DNA ex-
traction.

The Primer

The TNF gene DNA sequences were obtained from
the NCBI GenBank database. The program Primer Pre-
mier 3 was used to construct PCR primers (Table 1)
with a melting temperature of (62° C), a primer length
of (21) nucleotides, and a PCR amplicon length of (966).
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TABLE 1. The primer sequences, Annealing temperature, and

Product size (bp)
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Sequencing of PCR products

PCR product was sequenced using

Primer Sequence Annealing | Product | the sanger technique and a DNA ana-

name Temp. (°C) size (bp)  Jyzer (ABI3730XL) (Macrogen Corpo-

5- 96 ration — Korea). The findings were

TNF-o_1-F  TGTAAAACGACGGCCAGTCTCAGAGAGCTTCA | 0 6 collected by email and processed
GGGATA-3" . : .

using Geneious Prime (V 2021.1.1)

>- software (Biomatters Ltd., Auckland,

TNF-a_1-R CAGGAAACAGCTATGACCGGGACACACAAGCA N Zealand: . )

TCAAZ" ew Zealand; www.geneious.com).

TNF-o_1-F: the forward primer. TNF-o_1-R: the reverse primer

TABLE 2. Participants’ demographic information and
clinical features

Category value
Age(years) 58.74+21.88
Male n (%) 10 (12.5)
Gender
Femalen (%) | 70(87.5)
Weight(kg) 50.58+11.177
Disease duration (years) 9.34+5.539

Baseline ESR (mm/h) 58.74+21.885

ESR after 6 months (mm/h) 39.19425.305

Baseline DAS28 5.82+0.44

DAS28 after 6 months 4.55+1.39

Results are reported as means +SD or count (percentage).
WBC: White blood cell counts; ESR: Erythrocyte sedimentation rate;
DAS28: Disease activity score in 28 joints.

The types of genotyping in the pro-
moter region of the TNF-a gene at-308G/A(rs1800629),
-857C/T(rs1799724), -863 C/A(rs1800630), -1031 T/C
(rs1799964), -806 C/T (rs4248158) and -376 G/A
(rs1800750) then identified.

Statistical Analysis

The SPSS for Windows 26.0 program was utilized
for data analysis (SPSS, Inc., Chicago, IL, USA). Continu-
ous variables were reported as the mean + standard
deviation (SD) of the values. Allele and genotype per-
centages and frequencies were provided. A probability
of 0.05 or less was considered statistically significant.
Using the Shapiro-Wilk test, the normality of the re-
sults was determined. The Chi-square test or Fisher’s
exact test was employed to examine proportional
group differences. Fisher’s exact test was utilized if one
of the predicted values in a 2 x 2 comparison was less
than 5.

Percentages

Percentages

Percentages

=863 C/A

RESULTS

Demographic, disease, and baseline clinical
characteristics variables of all participants are
presented in Table 2.

Prevalence of genotypes polymorphism in all
patients.

Figure 1 and 2 illustrates the high prevalence
of the GG genotype for both -308 G/A and -376
G/A, as well as the high prevalence of the G allele,
in Iraqi RA patients enrolled in the current study.
While the TT genotype was more predominant in
over half of patients with -1031T/C, with a high
frequency of the T allele (97.5 %) and a low pro-
portion of the C allele (30 %), as illustrated in Fig-
ure 2.

Notably, the CC genotype was the most fre-
quent for both the -857 C/T and -863C/A variants.
Additionally, the C allele was the most abundant
in both locations.

Almost (90%) of patients had the CC genotype
for the -806 C/T variation, with the C allele being
present in (100%) of cases and the T allele being

FIGURE 1. Proportion of genotypes and alleles for TNF-a promoter
region -308G/A, -857C/T, and -863C/A polymorphisms. Total n=80.

+: The wild type

present in just (10 %) of patients, as illustrated in
Figure 2.
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FIGURE 2. Proportion of genotypes and alleles for TNF-a promoter
region -1031T/C, -806C/T, and -376G/A polymorphisms. Total n=80.

+: The wild type

TABLE 3. The relationship between specific genotypes and the

increase in the occurrence of upper respiratory tract infections

associated with ETN

Genotypes
-308G/A | Genetic variant AA GA GG° P.
Value

NO. (%) of patients

with S/E 0(0) 2(2.5) | 6(7.5) 0.8
-857 C/T | Genetic variant cce CT

NO. (%) of patients

with S/E 6(7.5) | 2(2.5) 0.65
-863C/A | Genetic variant AA CA cc®

NO. (%) of patients

with S/E 0(0) 2(2.5) 6(7.5) 0.72
-1031T/C | Genetic variant cc TC TT°

NO. (%) of patients

with S/E 1(1.25) 2(2.5) 5(6.25) 0.39
-806 C/T | Genetic variant cce CT

NO. (%) of patients

with S/E 6(7.5) | 2(2.5) 0.22
-376 G/A | Genetic variant GA GG°

NO. (%) of patients %

with S/E 2(2.5) 6(7.5) 0.048

N= 8 patients, Fisher exact was the test used to identify the statistical

difference between the groups. °: The wild genotype
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The relationship between specific geno-
types and some adverse effects associated
with etanercept use.

To determine whether SNPs in the promoter
region of the TNF-a gene affect the type of side
effects associated with ETN use, we examined
the association between specific genotypes and
the occurrence of upper respiratory tract infec-
tions, injection site reaction, and skin rash,
which were the most frequently reported side
effects by the study’s participants.

The association between genotype and in-
crease in the occurrence of upper respirato-
ry tract infections.

This study confirmed that only the GG geno-
type of (-376 G/A) is significantly correlated with
an increased risk of developing upper respira-
tory tract infection. While the remaining geno-
types of other SNPs did not show a significant
difference, as shown in Table 3.

The association between genotypes and
injection site reaction.

Table 4 highlights no significant difference
between genotypes with an increased risk of de-
veloping injection site reactions.

The association between genotypes and
the development of skin rash.

As shown in Table 5, there was no statistical-
ly significant difference between any genotypes
associated with an increased risk of skin rash.

DISCUSSION

TNF-a is a highly polymorphic gene with
several polymorphic sites. Several SNPs may in-
fluence the secretion of specific cytokines in-
volved in the pathophysiology and the suscepti-
bility to RA in several sites, especially in
promoter regions, as proven in previous studies
[15,16].

The results of this study in a sample of 80
RA patients treated with ETN revealed six poly-
morphic sites in the promoter region of the
TNF-a gene (-308 G/A, -376 G/A, -806 C/T,-857 C/T,
-863 C/A, and -1031 C/T).

Although, previous studies [10,13,17-19]
conducted in Iraq have explored the association
between a polymorphism in the promoter re-
gion of TNF-a and RA in a sample of Iraqi pa-
tients. However, no previous study has exam-
ined the association between these SNPs and
adverse effects of ETN.

Globally, many studies have examined the
effect of a combination of SNPs in the TNF-a
gene on the response of several anti-TNF-a [20].
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TABLE 4. The relationship between specific genotypes and injection

site reaction associated with ETN

Genotypes
-308G/A | Genetic variant AA GA GG° P.
Value

NO. (%) of patients

with S/E 0(0) 4(5) 14(17.5) 0.44
-857 C/T | Genetic variant cc® CcT

NO. (%) of patients

with S/E 15(18.75) 3(3.75) 0.68
-863C/A | Genetic variant AA CA cce

NO. (%) of patients

with S/E 1(1.25) 4(5) 13(16.25) 0.58
-1031T/C | Genetic variant cc TC T

NO. (%) of patients

with S/E 1(1.25) 6(7.5) 11(13.75) 0.71
-806 C/T | Genetic variant cce CcT

NO. (%) of patients

with S/E 15(18.75) | 3(3.75) 0.41
-376 G/A | Genetic variant GA GG°

NO. (%) of patients

with S/E 2(2.5) 16(20) 0.17

N= 18 patients, Fisher exact test was used to identify the statistical difference
between the groups. °: The wild genotype

TABLE 5. The relationship between specific genotypes and the

development of skin rash
Genotypes
-308G/A Genetic variant AA GA GG° P.
Value

NO. (%) of patients

with S/E 0(0) 2(2.5) | 4(5) 0.54
-857 C/T | Genetic variant cce CcT

NO. (%) of patients

with S/E 4(5) 2(2.5) 0.39
-863C/A | Genetic variant AA CA cce

NO. (%) of patients

with S/E 1(1.25) 2(2.5) | 3(3.75) 0.56
-1031T/C | Genetic variant cC TC TT°

NO. (%) of patients

with S/E 1(1.25) 1(1.25) | 4(5) 0.20
-806 C/T | Genetic variant cce CT

NO. (%) of patients

with S/E 5(6.25) 1(1.25) 0.662
-376 G/A | Genetic variant GA GG°

NO. (%) of patients

with S/E 1(1.25) 5(6.25) 0.173

N= 6 patients, Fisher exact test was used to identify the statistical difference
between the groups. °: The wild genotype

For instance, The SNPs -857C/T, -308G/A, -238G/A,

and +489G/A in the TNF-a gene and their association
with therapeutic efficacy were evaluated by
Chatzikyriakidou et al. [21] in 58 RA patients taking

infliximab.

Similarly, an association study of three TNF-a re-

lated SNPs (-308G > A, -238G > A, and -857C > T) was
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conducted in 280 RA patients of Caucasian ori-
gin treated with TNF-inhibitors like etanercept,
adalimumab, and infliximab [22].

Furthermore, some meta-analyses have
been conducted to investigate the connection
between numerous SNPs and TNF-inhibitor re-
sponsiveness, including the -308 A/G polymor-
phism, the -857 C/T polymorphism, and the -238
A/G polymorphism [23,24].

The anti-TNF-a field is characterized by cost-
ly medications, wide response variability, haz-
ardous consequences, and reasonably substan-
tial knowledge about the molecular targets of
these therapies [25].

Even though ETN is generally well-tolerated
and safe, it can produce adverse drug reactions
[26]. Pharmacogenetics may enable us to mini-
mize the overall risk of adverse events and pro-
mote safety [26].

In other words, an improved understanding
of the reasons behind these side or adverse ef-
fects may allow for better medication tailoring
and a reduction in needless toxicity in patients
receiving TNF-a inhibitors [26].

Itis generally established that the most often
reported adverse events associated with ETN
are injection site reactions, skin rash, rhinor-
rhea, and upper respiratory infections [3].

According to the current study’s findings,
the most prevalent adverse events were upper
respiratory tract infections, injection site reac-
tions, and skin rash development. Examining
the association between these adverse effects
and genetic polymorphisms in the TNF-a pro-
moter region revealed one significant correla-
tion between -376 G/A and the possibility of ac-
quiring upper respiratory tract infections.
Patients with the -376 GG genotype were more
susceptible to upper respiratory tract infection
than those with the GA genotype.

Nevertheless, no causal association has been
established in the current study. Additional
long-term researches with a higher number of
patients are required to elucidate the signifi-
cance of this relationship.

Moreover, to comprehend this finding, we
must first understand that linking these infec-
tions entirely to anti-TNF-a medications is diffi-
cult because individuals with chronic inflamma-
tory disorders such as RA have a roughly two-fold
increased risk of infection than the general popu-

lation regardless of therapy type [27]. In addition, most
patients eligible for anti-TNF-a therapy are already on
corticosteroids and/or other immunosuppressive med-
ications, which have raised their risk of infection [27].
However, given TNF’s critical function in immune
defense against invading pathogens, it is biologically
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likely that inhibiting TNF-a might increase infection
incidence [28].

There was no previous research to compare the
results because this was the first study examining the
link between the genetic variation in the promoter
area of TNF-a and the most common side effects of
ETN.

CONCLUSION

Examining the relationship between the adverse
effects of ETN and genetic polymorphisms in the
TNF-a promoter region revealed a significant link be-
tween -376 G/A and the risk of developing upper res-
piratory tract infections. Upper respiratory tract in-
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