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Abstract

Psoriasis is a chronic inflammatory condition that requires effective treatment. Genetic variability, particularly in the Tumour
Necrosis Factor-alpha (TNF-a) gene, may influence patients’ response to biological therapies such as etanercept. This study
evaluated the association of four TNF-a gene polymorphisms (15361525 G/A, rs673 G/A, rs1800629 G/A, and rs1800750 G/A)
with serum TNF-a levels and response to etanercept in Iraqi patients with psoriasis. A retrospective study was conducted on
80 patients with moderate-to-severe psoriasis who received etanercept for at least six months. Patients were categorised as
responders (= 75% PASI reduction) or non-responders (< 50% PASI reduction). Genotyping was performed using PCR and
Sanger sequencing. A significant association was observed between the 75673 G/A polymorphism and etanercept response: the
GA genotype was predominantly present in responders and showed a negative association with non-response (phi =-0.318, p
= 0.007), whereas the GG genotype demonstrated a positive association (phi = 0.411, p = 0.0007). Non-responders had
significantly higher post-treatment serum TNF-a levels compared with responders. These findings suggest that the rs673 G/A
polymorphism and TNF-a levels may be associated with etanercept response. However, larger studies are needed to validate
these associations before clinical implementation.

Rezumat

Psoriazisul este o afectiune inflamatorie cronica care necesitd un tratament eficient. Variabilitatea genetica, in special in gena
factorului de necroza tumorald alfa (TNF-a), poate influenta raspunsul pacientilor la terapiile biologice, spre exemplu la
etanercept. Acest studiu a evaluat asocierea a patru polimorfe ale genei TNF-a (15361525 G/A, rs673 G/A, rs1800629 G/A si
rs1800750 G/A) cu nivelurile serice de TNF-a si raspunsul la etanercept la pacienti irakieni cu psoriazis. A fost realizat un
studiu retrospectiv pe 80 de pacienti cu psoriazis moderat pana la sever care au primit etanercept timp de cel putin sase luni.
Pacientii au fost clasificati ca fiind respondenti (reducere PASI > 75%) sau non-respondenti (reducere PASI < 50%).
Genotiparea a fost realizatd utilizdnd PCR si secventierea Sanger. S-a observat o asociere semnificativa intre gena rs673 G/A
si raspunsul la etanercept: genotipul GA a fost prezent in mod predominant la pacientii care au raspuns la tratament si a prezentat
0 asociere negativa cu lipsa raspunsului (phi = -0.318, p = 0.007), in timp ce genotipul GG a demonstrat o asociere pozitiva
(phi = 0.411, p = 0.0007). Pacientii care nu au raspuns la tratament au prezentat niveluri serice de TNF-a post-tratament
semnificativ mai ridicate in comparatie cu pacientii care au raspuns la tratament. Aceste rezultate sugereaza ca gena rs673 G/A
si nivelurile de TNF-a pot fi asociate cu raspunsul la etanercept. Cu toate acestea, sunt necesare studii mai ample pentru a
valida aceste asocieri inainte de implementarea clinica.
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Introduction metabolic syndrome, adding to the patient burden
and cost of care [6].

Psoriasis is characterised by a dysregulated immune
system, specifically a T cell-mediated immune
disorder with an upregulation of T helper type 1/17
(Th1/Th17) cytokines [7], including TNF-a, various
interleukins (ILs), and interferon-gamma. The
complex interplay among multiple cytokines and
growth factors has led to advances in treatment,
particularly biologic therapies targeting these agents
[8]. Biologics, particularly anti-TNF agents, represent
a significant breakthrough for individuals with

Psoriasis is a common, chronic inflammatory disease
that affects approximately 125 million individuals
worldwide, with a prevalence ranging from 0.33% to
0.6% in different populations and ethnic groups [1,
2]. It is common in young adults, who are often
uncomfortable with the visible, sore, and scaly
plaques and are affected by them in terms of their
quality of life [3, 4]. The disease is frequently
associated with comorbidities such as psoriatic
arthritis [5], depression, cardiovascular disease, and
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moderate-to-severe plaque psoriasis. Infliximab
shows the highest efficacy among these, followed by
certolizumab, adalimumab, and etanercept [9].
Etanercept (ETN), a TNF-a inhibitor, is effective in
treating psoriasis by modulating inflammation and
immune response. However, some patients do not
respond adequately [10], necessitating a change in
treatment. This trial-and-error approach leads to
suboptimal patient care and increased healthcare costs,
highlighting the need for precise, individualised
treatment selection. Pharmacogenetics offers a
promising solution, though research on the interplay
between genetics and biologics in psoriasis is limited
compared to inflammatory bowel disease and
rheumatoid arthritis [11].

The TNF gene, located on chromosome 6 (6p21.33),
encodes a pro-inflammatory cytokine crucial to psoriasis
pathogenesis by inducing T-cell production and
subsequent epidermal keratinocyte proliferation [8,
12]. Since TNF is the direct target of TNF inhibitors
used in psoriasis treatment, genetic variations within
the TNF gene directly influence the efficacy of these
drugs [13]. The promoter region of the TNF-a gene
is highly polymorphic, making genetic variation a critical
determinant of treatment response [ 14]. Polymorphism
testing may help identify patients who are likely to
respond well or poorly to treatment. Early identification
of non-responders facilitates quicker transitions to
alternative medications, thereby improving therapeutic
outcomes [15, 16].

Pharmacogenomic and pharmacogenetic research
seeks to utilise insights regarding gene variants that
influence medication response to develop individualised
treatment approaches, enhancing effectiveness and
safety [17].

The association between genetic polymorphisms and
response to biological drugs has been examined in
recent reviews and research in Iraq, with particular
attention to single-nucleotide polymorphisms (SNPs)
in genes such as TNF and ILs [18-24]. However, no
previous research has specifically examined the
impact of the rs673 (-244) G/A polymorphism on
etanercept response in psoriasis patients, nor have
any empirical studies in Iraq investigated how SNPs
in the TNF-a promoter region affect etanercept
outcomes in this specific patient population. Therefore,
this study was designed to investigate whether SNPs
in the TNF-o gene promoter at positions rs361525 (-
238) G/A, rs673 (-244) G/A, 131800629 (-308) G/A,
and rs1800750 (-376) G/A influence the effectiveness
of etanercept in a sample of Iraqi psoriasis patients.

Materials and Methods

Study design

This research is part of a comprehensive retrospective
cohort study carried out from April 2024 to February
2025. The study enrolled a cohort of 80 Iraqi
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individuals diagnosed with moderate-to-severe
psoriasis. The participants were selected from the
Centre of Dermatology and Venereology at Baghdad
Teaching Hospital in Baghdad, Iraq. This institution
provides medical services to a diverse variety of
communities in Iraq, including rural, urban, and
inner-city areas across many governorates. The
Scientific and Ethical Committee of the College of
Pharmacy at the University of Baghdad and the
Dermatology and Venereology Centre at Baghdad
Teaching Hospital granted ethical approval with the
number (RECO-62024R) on the 3rd of April 2024.
Patients’ selection

Ninety-three individuals with moderate to severe
psoriasis were enrolled in the study and received
ETN as monotherapy, fulfilling the inclusion criteria
specified below. Nevertheless, only 85 patients
consented to participate in this study, and only 80
fulfilled the criteria; the 5 patients were excluded
due to missing data.

Inclusion Criteria

Participants were included in the study if they met
all of the following criteria: diagnosis of moderate to
severe chronic plaque psoriasis, defined by a
Psoriasis Area and Severity Index (PASI) score > 10
at the time of recruitment [25, 26], age > 18 years
old, received the standard etanercept protocol: 50 mg
twice weekly for 3 months, followed by 50 mg once
weekly and completed a minimum total treatment
duration of six continuous months before assessment.
The PASI score is calculated by evaluating the degree of
Erythema (E), Induration (I), and Desquamation (D)
on a 0 - 4 scale, and multiplying the sum of these
severity scores by the Area Score (A) for each of the
four body regions (Head (H), Upper Limbs (UL),
Trunk (T), and Lower Limbs (LL)). The final score
is determined by the weighted sum of the four body
regions according to the following standard formula:
PASI=0.1 (EH +IH + DH) AH + 0.2 (EUL + IUL
+DUL) AUL + 0.3 (ET+IT +DT) AT + 0.4 (ELL
+ ILL+ DLL) ALL. The area score ranges from 0 to
6, representing the percentage of area involvement
(e.g., 1 for < 10% and 6 for 90-100%) [27].

The exclusion criteria

Patients must be excluded if they have used
etanercept for less than 6 months or if they are
receiving any other biologic medication. Individuals
with a skin condition other than psoriasis or a
psoriasis subtype other than plaque psoriasis were
also excluded. Furthermore, exclusion applies to
patients taking other medications known to exacerbate
psoriasis (e.g., beta-blockers, antimalarials, NSAIDs,
lithium, or tetracycline). Patients with an
intermediate treatment response (PASI 50-75%)
were excluded a priori by design, as the study aimed
to compare two clearly defined response categories
(responders > 75% and non-responders < 50%) to
reduce heterogeneity in treatment response.
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Patient classification:

The patients were categorised into two distinct
groups based on their response to ETN. Treatment
response was assessed by the change in the APASI,
defined as the difference in PASI score from
baseline to the end of treatment.

Patients who achieved a reduction of < 50% were
categorised as non-responders, and those with a
decrease of > 75% were classified as good
responders [25, 28]. Group A comprised 40 psoriasis
patients who responded to ETN. The second cohort
(Group B) comprised 40 psoriasis patients who
showed no response to ETN.

Data collection

Data on demographic characteristics (such as age,
sex, body mass index, disease duration, family
history, comorbidities, laboratory data such as TNF-
o level, in addition to clinical severity of the
psoriasis assessed using PASI and percentage of
Body Surface Area affected by psoriasis (BSA%),
were collected through direct patient interviews
utilising a patient information chart expressly
developed for this study.

Collection and processing of samples

Five millilitres of venous blood were collected from
the forearm vein of each participant. Subsequently,
2 millilitres of the collected blood sample were put
into an ethylenediaminetetraacetic acid (EDTA) tube
for Deoxyribonucleic Acid (DNA) extraction and
analysis. Concurrently, the remaining 3 mL of blood
was placed in a gel tube and centrifuged for 10
minutes at 3000 rpm. The isolated serum was stored
in aliquots in Eppendorf tubes and frozen at -20°C until
the sample collection was finalised. Subsequently,
TNF-0 quantification was performed using the
Enzyme-Linked Immunosorbent Assay method. The
serum TNF-a level was ascertained using the Eliza
kit provided by Wuhan Fei Yue Biotechnology

(Wuhan, China, catalogue no. FY-EH1405). This
assay utilises the quantitative sandwich enzyme
immunoassay methodology [29].

Genotyping

Genomic DNA was isolated from peripheral blood
leukocytes (cryopreserved EDTA blood specimens)
using the Easy Pure Blood Genomic DNA Kit
(TransGen Bio-tech, China, Catalogue No: EE121).
The concentration of DNA samples that demonstrated
acceptable integrity was assessed using a Nanodrop
spectrophotometer (Thermo Fisher Scientific, USA)
equipped with essential computerised software for
control and data recording, following the use of an
elution buffer as a blank solution. Two microliters of
the purified DNA were introduced into the Nanodrop to
determine the concentration in ng/pL. The concentration
ranged from 31 to 54 ng/uL. The Nanodrop spectro-
photometer was used to determine DNA purity by
measuring the sample's absorbance at 260 and 280
nm. The A260/A280 ratio ranged from 1.7 to 1.9,
indicating the purity of the DNA sample.

Quality control measures were implemented to
ensure genotyping accuracy. Approximately 10% of the
samples were randomly selected and re-genotyped
for confirmation, yielding 100% concordance. All
SNPs demonstrated high genotyping quality, with a
call rate exceeding 98%. The sequencing reactions
showed a success rate of > 95% across all samples.
No discrepancies were observed between duplicate
samples.

Primers and primer optimisation

The Geneious Prime program was used to design
Polymerase chain reaction (PCR) primers. To use the
software, the sequence should be in FASTA format
available in the National Centre for Biotechnology
Information (NCBI) database. They were synthesised
and lyophilised by Alpha DNA Ltd. (Canada).

Table I
Primers for genotyping detection of the TNF-a gene
Gen |DNA primers| Sequence (5'—3' direction) |Primer length (nt) | Product size (bp)| Annealing Temperature (°C)
Forward |CAGGACCTCCAGGTATGGAA 20
INF-a Reverse |CTCATCTGGAGGAAGCGGTA 20 732 58

A stock solution of the primer at a concentration of
100 pmol/uL. was prepared by dissolving the
lyophilised primer in nuclease-free water according
to the manufacturer's instructions and stored at -
23°C. After that, 10 pL of the stock solution (stored
at -20°C) was diluted with 90 pL of nuclease-free
water to prepare a working solution at 10 pmol/uL.
The ideal annealing temperature for primers was
determined by amplifying the DNA template with a
pair of primers (Forward/Reverse) at 54, 56, and
58°C. The optimal annealing temperature for the
primer was 58°C, yielding distinct, well-defined
bands on an agarose gel; hence, it was employed in
the present study.

1594

PCR amplification and sequencing of PCR products
PCR amplifications were performed in a total
volume of 25 pL per reaction, using the following
components: 12.5 uL of EasyTaq® PCR Super Mix,
1 pL each of the 10 pmol forward and reverse
primers, 4 puL of template DNA, and 6.5 uL of
nuclease-free water. The tube containing all
components was briefly centrifuged to sediment the
contents and remove any air bubbles. The tube was
placed within the PCR well, and the PCR protocol
was executed. The PCR application (QIAamplifier96,
QIAGEN, Germany) was employed to execute PCR
cycling according to the specified temperature
protocol. The cycling protocol began with an initial
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denaturation at 94°C for 5 min, followed by 35
cycles of denaturation (94°C for 30 sec), annealing
(58°C for 30 sec), and extension (72°C for 30 sec),
concluding with a final extension at 72°C for 5 min.
Sanger's method was used for DNA sequencing to
determine the presence or absence of SNPs within
the TNF promoter amplicon. The PCR product was
sent to Macrogen Corporation, Korea, for Sanger
sequencing on an ABI 3730XL automated DNA
sequencer. Geneious Prime was used to compare the
sequencing results with the standard TNF-a gene
sequence.

Statistical analysis

The data were analysed using SPSS for Windows
version 29.0 (SPSS, Inc., Chicago, IL, USA).
Continuous variables were expressed as mean + SD
of the values. Alleles and genotypes are represented
as percentages and frequencies. A Shapiro-Wilk test
was employed to assess the normality of the results.
The unpaired t-test was used for normally distributed
data to determine whether there is a significant
difference in demographic features and parameters
between the responding and non-responding groups.
The difference between the means of more than two
groups was analysed using a one-way analysis of
variance (ANOVA). A post-hoc analysis was
conducted whenever ANOVA indicated a significant
difference among the three sample means. The Chi-
square test or Fisher's exact test was employed to
assess differences in proportions between groups.
Fisher's exact test was employed when any predicted

value in a 2 x 2 comparison is less than 5. The Phi
correlation coefficient (phi) was employed to assess
the relationship between each genotype and the
probability of non-responsiveness. The binary logistic
regression analysis was employed to determine the
correlation between TNF-a levels and the likelihood
of becoming a non-responder. A probability of less
than 0.05 indicates a significant difference. The
receiver operating characteristic (ROC) curve was
used to assess the validity of TNF-a levels as an
indicator of response to etanercept. The area under the
curve (AUC), as well as sensitivity and specificity,
were used to assess the diagnostic accuracy.

Results and Discussion

Demographic data and clinical characteristics of the
study groups.

Demographic and clinical characteristics were compared
between the responders’ and non-responders’ groups.
Statistically significant differences in TNF-a levels
were observed after 6 months of treatment, with non-
responders exhibiting considerably higher levels
than responders (p=0.001). As expected, significant
differences were also found in disease severity after
6 months of treatment, where responders showed
markedly lower PASI scores (2.04 + 0.989 vs. 13.68
+ 3.803, p = 0.01) and BSA% scores (2.89 + 0.908
vs. 22.06 £ 6.916, p = 0.01) compared to non-
responders, as seen in Table II.

Table 11

Demographic data and clinical characteristics of the study groups

Category Responders group n =40 | Non-responders group n =40 | p-Value
Age (years) 38.80 +9.40 41.05+13.12 03812
Male n (%) 21(52.5) 26 (65)
Gender Female n (%) 19 (47.5) 14 (35) 02°
R Yes n (%) 18 (45) 25 (62.5)
Family history No n (%) 22(55) 15(375) 0.1b
BMI 29.21 +5.074 31.73 +£7.157 0.072
Disease duration (years) 13.20 £4.081 15.10 £5.038 0.32
TNF-a (pg/mL) 91.45 +29.539 145.65 +48.148 0.001* ®
Baseline PASI 19.87 + 5.469 19.35+4.573 0.8?
PASI after 6 months 2.04 +£0.989 13.68 +3.803 0.01* 2
Baseline BSA% 29.37 + 8.678 30.88 +7.26 0.6
BSA% after 6 months 2.89 +0.908 22.06 +6.916 0.01* 2
Diabetes n (%) 2 (5) 7(17.5) 0.15¢
Comorbidities |Hypertension n (%) 3(7.5) 9 (22.5) 0.11°¢
Nail psoriasis n (%) 5(12) 11 (27) 0.09°

Results are presented as means + standard deviation or frequency (%). a. Independent two-sample t-test. b. Chi-square test. c. Fisher's exact

test. *: significant

Prevalence of genotype polymorphism

Table III shows that all variants were polymorphic
within the studied cohort. Notably, the GG genotype
was the most prevalent for all variants except
rs1800629 (-308) G/A; this variant showed a more
balanced distribution of genotypes compared to the
other studied polymorphisms. While the GG
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genotype remained the most frequent at 67.5% (n=54),
the heterozygous GA genotype was considerably
more common than for the other variants, observed
in 21 individuals (26.25%). The G allele was the
major allele for all four variants, with frequencies
ranging from 80.63% rs1800629 (-308) G/A to
95.63% rs1800750 (-376) G/A. Regarding Hardy-
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Weinberg Equilibrium (HWE), for all tested SNPs, indicating that the population is in genetic
the observed genotype frequencies did not significantly equilibrium at these loci (Table I'V).
deviate from those expected under HWE (p > 0.5),

Table II1

Genotypes and allele frequencies of TNF-a rs361525 (-238) G/A, rs673 (-244) G/A, rs1800629 (-308) G/A, and
rs1800750 (-376) G/A gene polymorphisms in psoriasis patients. N=80 patients

Genotypes
Genetic variant GG GA AA
No. (%) 71 (88.75) 8 (10) 1(1.25)
rs361525 (-238) G/A Allele G A
No. (%) 150 (93.75) | 10 (6.25)
Genetic variant GG GA AA
No. (%) 70 (87.5) 9 (11.25) 1(1.25)
rs673 (-244) G/A Allele G A
No. (%) 149 (93.13) | 11 (6.87)
Genetic variant GG GA AA
No. (%) 54 (67.5) 21 (26.25) | 5(6.25)
rs1800629 (-308) G/A Allele G A
No. (%) 129 (80.63) | 31 (19.37)
Genetic variant GG GA AA
No. (%) 74 (92.5) 5(6.25) 1(1.25)
rs1800750 (-376) G/A Allele G A
No. (%) 153 (95.63) 7 (4.37)

Table IV
Hardy-Weinberg Equilibrium Analysis of TNF-a 1s361525 (-238) G/A, rs673 (-244) G/A, 151800629 (-308)
G/A, and rs1800750 (-376) G/A gene polymorphisms in psoriasis patients. N = 80 patients

SNP ID Observed Genotypes | Expected Genotypes | p-value

GG=171 GG =70.31

rs361525 (-238) G/A GA =38 GA =9.38 0.186
AA=1 AA =031
GG=170 GG =69.38

rs673 (-244) G/A GA=9 GA =10.26 0.280
AA=1 AA =0.38
GG =54 GG =52.00

rs1800629 (-308) G/A GA =21 GA =24.99 0.160
AA=S5 AA =3.04
GG="74 GG=73.15

rs1800750 (-376) G/A GA=5 GA =6.70 0.200
AA=1 AA=0.35

Regarding the difference in genotype and alleles
frequencies, while rs361525 (-238) G/A and
rs1800750 (-376) G/A showed no significant
differences in genotype or allele frequencies
between the groups, the rs673 (-244) G/A variant

potential role for the A allele in contributing to
treatment response (Table V).

Association between genotypes and the probability
of being a non-responder

Phi coefficient was calculated to assess the strength

exhibited a significant association at the genotype
level, with the GG genotype being less frequent in
responders and the GA genotype exclusively
observed in this group (p = 0.02), with the G allele
being more prevalent in non-responders (100%)
while the A allele was solely present in responder
(13.75%) (p = 0.02). Similarly, for rs1800629 (-308)
G/A polymorphism, the G allele was significantly
more frequent in non-responders (87.5%) than in
responders (73.75%) (p 0.03), suggesting a
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and direction of association between each genotype
and non-responder status. The analysis revealed a
statistically significant association between the
rs673 (-244) G/A polymorphism and non-responder
status. Specifically, the GG genotype showed a
highly significant positive association (phi = 0.411,
p = 0.0007), while the GA genotype exhibited a
significant negative association (phi = -0.318, p =
0.007). Although other genotypes showed positive
or negative associations, none were statistically
significant, as shown in Table VI.



FARMACIA, 2025, Vol. 73, 6

Table V

Difference in genotype frequencies of TNF-a rs361525 (-238) G/A, 15673 (-244) G/A, rs1800629 (-308) G/A,
and rs1800750 (-376) G/A gene polymorphisms between responders and non-responders

Genotypes Responders group (n = 40) No. (%) | Non-responders’ group (n=40) No. (%) | p-Value
GG 35 (87.5) 36 (90) 0.7
GA 5(12.5) 3(7.5) 0.4
rs361525 (-238) G/A | AA 0(0) 1(2.5) 0.4
G 75 (93.75) 75 (93.75) |
A 5(6.25) 5(6.25)
GG 30 (75) 40 (100) 0.02*
GA 9 (22.5) 0 (0) 0.02*
rs673 (-244) G/A AA 1(2.5) 0(0) 0.4
G 69 (86.25) 80 (100) 0.02%
A 11 (13.75) 0(0)
GG 24 (60) 30 (75) 0.1
GA 11 (27.5) 10 (25) 0.7
rs1800629 (-308) G/A| AA 5(12.5) 0 (0) 0.09
G 59 (73.75) 70 (87.5) 0.03%
A 21 (26.25) 10 (12.5)
GG 37(92.5) 37(92.5) 1.0
GA 2 (5) 3(7.5) 0.6
rs1800750 (-376) G/A| AA 1(2.5) 0 (0) 0.4
G 76 (95) 77 (96.25) 0.7
A 4(5) 3 (3.75) )
Table VI

Phi coefficient and statistical association between each genotype and non-responder status among study participants

SNP Genotype | phi-coefficient | p-Value
GG 0.068 0.561
rs361525 (-238) G/A GA 0 1
AA 0.005 0.967
GG 0.411 0.0007 *
rs673 (-244) G/A GA -0.318 0.007 *
AA 0 1
GG 0.196 0.095
rs1800629 (-308) G/A GA 0 1
AA -0.206 0.078
GG 0.08 0.496
rs1800750 (-376) G/A GA 0.009 0.942
AA 0 1

Table VII

Association of the change in PASI over six months between different genotypes in TNF-a rs361525 (-238) G/A,
rs673 (-244) G/A, rs1800629 (-308) G/A, and rs1800750 (-376) G/A genotypes

Genotypes
Genetic variant GG+ GA AA - Val
rs361525 (:238) G/A enZ;fAvsalr = 11514563 | 1236476 | -0.8+0.0 ) o.g -
rs673 (:244) G/A Genzt:’c:;lr = -10.4(5;(;.30 ; -19.42G : 775+ -12.3A011 00 | 0%
rs1800629 (-308) G/A Genﬁ’c:s‘fllr - -10;;3:4.87 -12.0(9}[1 4.99 -18.81;1 745 !
rs1800750 (-376) G/A GeneAt:)c:;lr = 1 1.6Gsci+5.45 1 1.232 5.58 -12.?011 0.0 0-9

Data were expressed as mean + SD. Statistical analyses were performed by ANOVA followed by Duncan’s Post Hoc test . *: Significant difference
between the groups. +: The wild genotype. #: Significant difference between the genotypes according to Duncan’s multiple range comparisons.

The Correlations between the genotypes and the

difference in the PASI score

As shown in Table VII, an analysis of APASI, where
more negative values indicate greater improvement,

revealed a significant association with the rs673 (-

244) G/A variant (p = 0.02). Specifically, individuals
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carrying the GA genotype showed a significantly
greater mean improvement in PASI scores (-19.42)
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than those with the GG genotype (-10.45), as
confirmed by Duncan's post hoc test. While the
rs1800629 (-308) G/A variant showed a trend
towards greater improvement with the AA genotype
(mean APASI = -18.88), this difference did not reach
statistical significance (p = 0.1).

Comparison of Serum TNF Concentrations Across
Genotypes in Psoriatic Patients

Although no statistically significant overall associations
were found between the examined TNF-a gene
polymorphisms and serum TNF-a levels across
various genotypes, a notable pattern emerged when
patients were stratified by treatment response. Serum

TNF-a levels were significantly elevated in non-
responders with psoriasis compared with responders
across multiple genotypes. The GG genotype consistently
showed markedly elevated TNF-a levels in non-
responders across all four genetic variants (p = 0.001).
Comparable substantial discrepancies were seen for
the GA genotype in rs361525, rs1800629, and
rs1800750. This indicates that although genotype
alone may not determine total TNF-a levels, the
interaction between specific genetic variations and
clinical response suggests that TNF-a may serve as an
associated marker reflecting disease activity and treatment
response in psoriatic patients (Table VIII, Table IX).
Table VIII

TNF-a level in different genotypes

Genotypes
Genetic variant GG GA AA p - Value
rs361525 (:238) G/A TNF-a 121.5+4929 | 93.1+32.04 1110 0.28
Genetic variant GG GA AA
rs673 (-244) G/A TNF-a 120.57 + 50.24 | 103.89 +28.93 109 0 0.61
Genetic variant GG GA AA
rs1800629 (-308) G/A TNF-0 122.70 £54.30 | 111.71£31.52 | 10240 £25.77 | 0.50
Genetic variant GG GA AA
rs1800750 (-376) G/A TNF-o 120.46 + 48.67 | 92.20 + 39.91 109+0 0.44
Data were expressed as mean + SD. Statistical analyses were performed by ANOVA
Table IX
Comparison of serum TNF-o concentrations across genotypes in psoriatic patients classified by treatment response
Groups
response non-response
Mean TNF-¢ | SD | Mean | sp | P~ ¥2IU¢
GG 93.77 22.54 | 143.50 | 41.93 | 0.001%**
rs361525 (-238) G/A GA 75.20 19.69 | 123.00 | 5.20 0.02*
AA 0.0 0.0 111.00 0.0 -
GG 87.13 21.40 | 145.65 | 38.13 | 0.001%**
rs673 (-244) G/A GA 103.89 28.93 0.0 0.0 -
AA 109.00 0.0 0.0 0.0 -
GG 88.75 20.23 | 134.87 | 54.28 | 0.001%**
rs1800629 (-308) G/A | GA 92.36 22.04 | 133.00 | 17.61 0.01**
AA 102.40 25.77 0.0 0.0 -
GG 93.27 28.87 | 147.65 | 49.51 | 0.001%**
rs1800750 (-376) G/A | GA 49.00 0.00 | 121.00 | 8.66 0.002**
AA 109.00 0.0 0.0 0.0

Data were expressed as mean + SD. Statistical analyses were performed by an unpaired t-test

ROC Curve for Post-Treatment TNF-o. Concentration
The ROC curve for TNF-a is presented in Table X
and Figure 1. The AUC for TNF-o was 0.88, which
was statistically significant (p = 0.0001), indicating
excellent discriminative power. The optimal cut-off
value for TNF-a concentration, determined by the
ROC analysis, was 123.0 pg/mL. At this cut-off, the
test demonstrated a sensitivity of 77% and a
specificity of 90%.

Association between TNF-o and the likelihood of
being a non-responder

A binary logistic regression analysis revealed that
TNF-a concentration was a significant predictor of
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non-response (p = 0.0004). The model explained a
substantial proportion of the variance in non-
response, as indicated by a pseudo-R-squared (e.g.,
Nagelkerke R-squared) of 0.498. The positive
coefficient (B = +0.0792) suggests that higher post-
treatment TNF-a concentrations are associated with
an increased likelihood of being a non-responder.
Specifically, the odds ratio (OR) for TNF-a
concentration means that for every one-unit increase
in post-treatment TNF-o concentration, the odds of
being a non-responder increase by approximately
8.2% (Table XI).
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Table X
ROC Curve for Post-Treatment TNF-a Concentration
Area Under the ROC Curve
Test Result Variable(s): TNF
Area Std. | Asymptotic | Asymptotic 95% Confidence Interval | The best | Sensitivity | Specificity
Error | Lower Sig. | Lower Bound Upper Bound cut-off % %
0.88 | 0.034 0.0001 0.830 0.965 123.0 77 90
ROC Curve for TNF
1.0t
g 0.8 /,~’
T o6} el
g L
Zoaf e
:‘E ,r’J AUC = 0,88
S e Sensitivity = 77%
] -~ Specificity = 90%
02} ,"’, Best Cut-off = 123.0
/,»’/ ROC curve
%95 0.2 0.4 0.6 0.8 1o
1 - Specificity (False Positive Rate)
Figure 1.
ROC curve for post-treatment TNF-o concentration
Table XI
Logistic regression: TNF as predictors of non-response
Variable Coefficient () | p - value 95% CI for B
Intercept 1357 0.0002* | [-20.67--647] | OR | 93% Clfor OR
TNF concentration +0.0792 0.0004* | [0.0357 -0.1228] | 1.082 | [1.036-1.131]

An efficient inhibitor of TNF-o, ETN, is used to treat
psoriasis, a common skin condition marked by
inflammation and an immunological reaction. Even
with its effectiveness, some patients weren't
responsive to ETN [10]. Research indicates that
approximately 49.4% of patients demonstrate an
inadequate response to anti-TNF therapies, which
can include ETN. Similarly, another study reported
that roughly 49% of patients may not respond
effectively to ETN treatment within the initial
months of therapy [30, 31]. The advancement of
stratified medicine requires the identification of
reliable, validated biomarker panels. Genetic
variants are appealing as potential biomarkers
because they require only a single test; in various
medical fields, they have been shown to correlate
with treatment outcomes [32, 33]. Some SNPs in the
promoter regions of the TNF-a gene were examined
for their potential impact on TNF-a or cytokine
production, thereby affecting psoriasis susceptibility
or severity [13, 34].

The demographic characteristics of the study
revealed that the mean age and duration of psoriasis

were comparable to those found in a previous Iraqi
studies on psoriasis patients, particularly those
examining quality of life or metabolic syndrome [3,
35]. The variance in the male-to-female ratio was
also consistent with other Iraqi studies, with males
constituting a larger proportion of the sample than
females [3, 36, 37].

While two previous studies in Iraq [38, 39] examined
the association between a polymorphism in the TNF-
a gene promoter and psoriasis, they did not evaluate
the association between these SNPs and ETN
responsiveness. Numerous studies have studied the
impact of SNP combinations in the TNF-a gene on
the efficacy of TNF-a antagonists in psoriasis. For
instance, the SNPs -238 G/A, -308 G/A, and -857
C/T in the TNF-a gene and their association with
therapeutic efficacy were evaluated in 97 Italian
psoriatic patients who received ETN [40]. Likewise,
a correlation investigation evaluated four TNF-a-
associated SNPs -1031 C/T, -238 G/A, -308 G/A,
and -857 C/T was conducted in Spain, involving 109
psoriatic patients who were at least six months of
treatment with TNF-a inhibitors [41]. Moreover,
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meta-analyses have been conducted to examine the
association between multiple SNPs and TNF-
inhibitor efficacy, including the -308 G/A, -857 C/T,
and -238 G/A polymorphism [42]. However, the
present study was the only study examining the
associations between rs361525 (-238) G/A, rs673 (-
244) G/A, 151800629 (-308) G/A, and rs1800750 (-
376) G/A and ETN responsiveness in psoriasis.
Regarding the TNF-a -244 G/A polymorphism, the
present study found that 87.5% of patients had the
GG genotype, 11.25% had the GA genotype, and the
AA genotype had the lowest prevalence. Moreover,
the G allele frequency is 93.13%, while the A allele
frequency is 6.87%. Few studies provide contradictory
evidence on the prevalence of this SNP; however, all
studies indicate that the GG genotype is the most
prevalent. X Li et al. [43] found that the GG
genotype frequency is 97% of 452 Chinese women
with cervical cancer, while Oyedeji SI et al. [44]
revealed that the GG genotype was found in 75% and
GA in 25% of 96 Nigerian patients with severe
malaria. Another study compared a control group
with individuals with juvenile idiopathic arthritis
and found that the TNF-a -244 G/A polymorphism
was observed solely in healthy Caucasian children in
the control group [45].

This study may be among the first to evaluate the
correlation between the TNF-a -244 G/A polymorphism
and the response to ETN in patients with psoriasis.
The TNF-a -244 G/A variant was significantly
associated with ETN response at both the genotype
and allele levels (p = 0.02). It is worth noting that the
GG genotype was significantly less frequent in
responders (75%) than in non-responders (100%),
while the GA genotype was observed exclusively in
the responder group (22.5%). At the allele level, the
G allele was highly prevalent in non-responders
(100%), whereas the A allele was detected only in
the responders (13.75%). It suggests that the
presence of at least one A allele at the -244 locus is
not merely associated with response, but may be a
potential contributor to a good reaction to ETN in
this population. As a promoter-region polymorphism,
the TNF-o -244 G/A variant may influence
transcriptional activity and could be associated with
altered TNF-a expression or downstream signalling,
potentially contributing to differences in treatment
response [46]. The Phi correlation analysis was
consistent with these findings: the -244 GG genotype
demonstrated a highly significant positive association
with non-responder status (phi = +0.411, p =
0.0007), whereas the GA genotype demonstrated a
negative association (phi = -0.318, p = 0.007),
suggesting that the presence of the A allele may be
linked to a more favourable response. Similarly, the
-244 G/A polymorphism showed a statistically
significant correlation with APASI (p = 0.02), with
patients carrying the GA genotype exhibiting greater
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mean PASI improvement than those with the GG
genotype. These patterns together suggest that the -
244 G/A variant may be relevant to explaining
variability in clinical response, although further
studies are required to confirm its role.

Regarding the TNF-a -308G/A polymorphism, the
present study found a high prevalence of the GG
genotype (67.5%) among patients, followed by the
heterozygous GA genotype, with the homozygous
AA genotype being the least prevalent. Moreover,
the G allele was identified in over 80% of patients,
whereas the A allele was found in only 19%. These
results align with those of studies by Kawen et al.
[38] and Aterehi [39]. Kawen et al. examined Iraqi
psoriasis patients in Thi-Qar province. They
revealed that GG and GA genotypes were present in
78.9% and 21.1% of psoriasis patients, respectively,
and that the Frequencies of G and A alleles were
89.5% and 10.5%, respectively. At the same time,
Aterehi found that the GG genotype was distributed
in 54.6% of psoriasis patients in Babylon Province,
and the GA genotype in 37.5%. In contrast to the
present study and Aterehi's results, which identified
five patients with the AA genotype, Kawen et al.
[38] findings revealed that none of the patients had
the AA genotype.

Several studies have investigated the impact of the
TNF-a -308G/A polymorphism on responsiveness to
TNF-o blockers in patients with psoriasis and
psoriatic arthritis [40-42, 47]. The current study
results revealed no significant difference in the
genotypes of the -308G/A polymorphism between
the respondent and non-respondent groups; although
less prominent than TNF-a -244 G/A, the -308 G/A
polymorphism also showed a significant association,
with the G allele being more frequent in non-
responders (87.5%) than in responders (73.75%) (p
=0.03). This suggests a potential, albeit weaker, role
for the A allele in contributing to treatment response.
Despite lacking statistical significance (p = 0.1), a
noticeable trend indicated enhanced PASI improvement
associated with the AA genotype (mean APASI = -
18.88), hence reinforcing the possible beneficial
effect of the A allele.

The result is consistent with Gallo et al. [41] and
Vasilopoulos et al. [47], who reported no association
between the TNF-a -308 G/A polymorphism and
anti-TNF-a response. In contrast to our results, some
studies report a better response in patients with the -
308 GG genotype compared to the GA genotype and
show that the A allele is associated with a poor
response in patients with psoriasis, theumatic arthritis,
and spondyloarthritis [22, 40, 48]. The divergence
between this study and others can be ascribed to the
fact that the -308 A allele is linked to other genes that
may influence resistance to ETN [49]. Nonetheless,
this linkage disequilibrium with other genes may be
absent in our sample, as is the current study's limited
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representation of the A allele or ethnic variation.
Moreover, discrepancies in the concept of "response"
across studies, coupled with other research's focus
on various disorders, may have contributed to this
discrepancy.

The GG genotype is highly prevalent for the TNF-a
-238 G/A variant, with a frequency of 88.75%,
which is consistent with a survey from Thi-Qar that
reported a frequency of 86.5% for the GG genotype
in psoriasis patients [38].

In contrast to the TNF-a -244 G/A and -308 G/A
polymorphisms, the TNF-a -238 G/A and -376 G/A
polymorphisms showed no significant differences in
genotype or allele frequencies between responders
and non-responders. A similar result was obtained in
Vasilopoulos et al. [47] and Scardapane et al. [45];
they did not find a significant association between
the TNF-a -238 G/A polymorphism and anti-TNF
response. On the other hand, De Simone et al. [40]
found that heterozygous GA individuals showed a
significantly higher non-response rate in psoriasis
patients treated with ETN. At the same time,
Membrive-Jimenez et al. [50] observed that 238 G
allele carriers showed an association with a response
to ETN. Additionally, Gallo ef al. [41] reported an
association between the -238 GG genotype and a
favourable reaction to anti-TNF-a therapy. Nonetheless,
this association was not substantiated when clinical
efficacy was assessed after three months of treatment,
and considerable disparities were identified in the
sub-analysis of different anti-TNF medications. This
discrepancy may be due to variations in study
design, patient populations (e.g., disease severity,
ethnicity, sample size), which reduce the
generalizability of the findings [51]. Furthermore,
Falvo et al. assert that single-nucleotide polymorphisms
exert a neutral influence on TNF gene transcription.
This suggests that although the allele may exist, it
does not significantly alter TNF expression or
function in the human body. The regulation of TNF
gene expression is primarily determined by transcription
factor recruitment and chromatin organisation,
rather than by individual polymorphisms [52]. The
comparison is inapplicable to other studies, as no
prior research has investigated the relationship
between the TNF-a -376 G/A polymorphism and the
response to ETN or other TNF-a antagonists.

The TNF-o -238 G/A and TNF-a -376 G/A
polymorphisms exhibited no significant variations in
genotype or allele frequencies between responders
and non-responders, nor did they show substantial
relationships with APASI. By clearly identifying the
SNPs that did not exhibit significant relationships,
the study offers valid negative data. This refines the
scope for forthcoming pharmacogenomic research,
averting superfluous inquiries into genetic variants
that may lack clinical significance for ETN
responsiveness in this context. This facilitates a
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more effective distribution of research resources and
helps build a more precise understanding of the
specific genetic framework that affects therapeutic
efficacy.

Regarding the correlation between SNP genotypes
and circulating TNF-a levels, none of the analysed
SNPs showed a significant association. Results were
concurred with those of Mohammed et al. [21, 22],
which detected a non-significant difference in the
TNF-a circulating level concerning the TNF-a -308
G/A and -376 G/A polymorphism. This finding is
corroborated by a later investigation that documents
an absence of correlation between the TNF-a -308
G/A and -238 G/A, and -376 G/A polymorphisms
and circulating levels of TNF-a, in Jabbar's study
[53], and is contradictory to reports that show an
association, such as Hagag ef al. [34], and Li C et al.
[54], revealed that AA and GA genotypes showed
higher TNF-a serum levels. Additionally, Hagag et
al. [34] and Elfarargy et al. [55] reported that the -
308 GG genotype is associated with a considerably
higher TNF-a serum level than the GA and AA
genotypes. In this study, the -308 GG genotype has
a higher TNF-a serum level than the GA and AA
genotypes, but this difference does not reach
significance. The observed disparity between the
current study and previous research findings may be
attributed to a significant within-group variability,
particularly in the GG genotype group, and a small
sample size in the AA genotype, which may have
limited the statistical power to detect a significant
difference. Additionally, the ethnic backgrounds of
the patients may contribute to this discrepancy, as
stratification analysis has shown that other ethnic
groups can harbour distinct risk alleles [56].

The observation that non-responders continuously
display elevated TNF-a levels aligns with extensive
evidence suggesting that elevated inflammatory
markers can predict adverse outcomes in chronic
inflammatory illnesses [57, 58]. This study extends
this by demonstrating the excellent discriminative
power of post-treatment TNF-a levels (AUC 0.88,
ideal cut-off 123.0 pg/mL) for identifying ETN non-
response. These results indicate that TNF-o measured
after treatment may reflect the inflammatory status
associated with treatment outcome and could be
helpful in characterising response patterns in this
context.

Beyond genetic susceptibility, the study highlights that
post-treatment TNF-a levels are closely associated
with non-response. The consistently higher TNF-a
concentration observed in non-responder across
different genotypes suggests that monitoring TNF-a
levels during therapy may provide helpful information
about the patient's inflammatory status and their
overall treatment outcome.

Although our study did not measure serum drug
concentrations or anti-drug antibodies, these factors
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are acknowledged contributors to treatment variability.
Literature demonstrates that differential drug levels,
often influenced by genetic variability, distinguish
responders from non-responders [59]. Likewise, genotype
may affect susceptibility to the development of
autoantibodies against anti-TNF-a medications,
which correlate with reduced serum drug concentrations
and treatment failure [60]. In the current study, all
patients strictly adhered to a uniform ETN dosing
schedule. Crucially, pharmacokinetic variability is
unlikely to have significantly influenced the treatment
response observed here, as ETN is characterised by
its low immunogenicity and a remarkably stable
pharmacokinetic profile compared to monoclonal
antibody TNF-a inhibitors [61]. Therefore, while
genetic variability influencing pharmacokinetics or
autoantibody formation remains a compelling area
for future research, it is unlikely that these factors
were the primary drivers of the differential treatment
response by genotype in this cohort.

This work contributes to addressing the gap in the
literature as no previous studies have evaluated the
association between the r673(-224) G/A polymorphism
and response to ETN in patients with psoriasis. The
observed association between rs673 (-244) G/A and
treatment response, particularly the higher frequency
of the GA genotype and the A allele among
responders, provides initial evidence that this variant
may be relevant as a pharmacogenetic predictor for
anti-TNF therapy in psoriasis. These findings are
exploratory and highlight the need for further
investigation and validation in larger cohorts.

Conclusions

This study provides initial findings into the
pharmacogenomics of psoriasis by suggesting a
potential association between the rs673 (-244) G/A
polymorphism and response to ETN in Iraqi patients.
In addition, the findings support the possible role of
post-treatment TNF-o concentration as a complementary
biomarker of treatment response. While these results
are exploratory, they contribute to the growing body
of evidence on personalised approaches in psoriasis
management. Further validation in larger and multi-
centre cohorts is needed before these markers can be
considered for clinical application.
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