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Is a rare CXCL8 gene variant
a new possible cause or course
factor of inflammatory
bowel disease?
Marcin Gabryel1†, Oliwia Zakerska-Banaszak2†,
Karolina Ladziak2, Katarzyna Anna Hubert2, Alina Baturo1,
Joanna Suszynska-Zajczyk3, Magdalena Hryhorowicz3,
Agnieszka Dobrowolska1 and Marzena Skrzypczak-Zielinska2*

1Department of Gastroenterology, Dietetics and Internal Medicine, Poznan University of Medical
Sciences, Poznan, Poland, 2Institute of Human Genetics, Polish Academy of Sciences, Poznan, Poland,
3Department of Biochemistry and Biotechnology, Poznan University of Life Sciences, Poznan, Poland
Introduction: The pathogenesis of inflammatory bowel diseases (IBD) involves

genetic, environmental, immunological, and microbial factors; however, it

remains unclear. Pro-inflammatory interleukin 8 (IL-8), encoded by the CXCL8

gene, assumes a crucial chemotactic role in leukocyte migration.

Methods: This study aimed to investigate whether an association exists between

IBD and two CXCL8 variants, namely, c.-251A>T (rs4073) and c.91G>T

(rs188378669), and IL-8 concentration. We analyzed the distribution of both

variants among 353 Polish IBD patients and 200 population subjects using

pyrosequencing, competitive allele-specific PCR and Sanger sequencing.

Results: The c.91T stop-gained allele was significantly more frequent in IBD

patients (2.12%) than in controls (0.25%) (p = 0.0121), while the c.-251T allele

frequencies were similar (54% vs. 51.5%, p = 0.4955). Serum IL-8 concentrations,

measured using ELISA, were higher in IBD patients with the c.91 GG genotype

compared to healthy controls (mean, 70.02 vs. 51.5 pg/ml, p<0.01) and patients

with c.91 GT (mean, 61.73 pg/ml). Moreover, clinical data indicated that carriers of

the c.91T variant need more often corticosteroids and surgical treatment of the

disease than GG homozygous IBD patients.

Conclusion: This suggest that the CXCL8 c.91T allele may influence IBD

manifestation and the course of the disorders in Polish patients, potentially

serving as a novel target for future studies and therapeutic approaches.
KEYWORDS

CXCL8 gene, inflammatory bowel disease (IBD), inflammation, interleukin 8, genetic
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GRAPHICAL ABSTRACT

Graphical abstract of the study. Created in BioRender. Skrzypczak-zielinska, M. (2025) https://BioRender.com/o10i655.
1 Introduction

Inflammatory bowel diseases (IBDs), including Crohn’s disease

(CD) and ulcerative colitis (UC), are a group of chronic

inflammatory diseases of the gastrointestinal (GI) tract. These

conditions are incurable and characterized by alternating periods

of exacerbation and remission. IBD is often referred to as a

civilization disease due to its higher prevalence in populations of

highly developed countries (1). Unfortunately, the etiology of IBD

remains poorly understood, contributing to the lack of causal

treatments. Pathogenesis of IBD is complex; many factors, such as

genetic, environmental, immunological, and microbial, influence

their development (2, 3). However, ongoing research still aims to

fully elucidate the molecular pathomechanisms underlying

these diseases.

Global studies indicate that factors regulating the inflammatory

process within the body are critical contributors to the development

of various inflammatory diseases, including IBD (4). Interleukin 8

(IL-8, CXCL8) encoded by the CXCL8 gene is one of the first and

most intensively studied chemokines and can be released by

different cell types, including monocytes, endothelial cells,

intestinal epithelial cells, and T lymphocytes (5). Activation of IL-

8 by cytokines (such as interleukins 1 and 6, interferon-g, tumor

necrosis factor-alpha, and even IL-8 itself), bacterial molecules,

lipopolysaccharide, hypoxia, and other cellular stresses increase its

level several folds. The primary function of IL-8 is to activate

inflammatory cells and enhance the immune response by acting

as a chemotactic factor. This property enables the migration of

leukocytes, mainly neutrophils, from peripheral blood to inflamed

tissues. IL-8 binds to G-protein-coupled receptors, CXCR1 and
Frontiers in Immunology 02
CXCR2, present on the surface of neutrophils and triggers cellular

signaling leading to neutrophil activation. Consequently, IL-8 plays

a pivotal role in the innate immune response (6).

The CXCL8 gene (MIM 146930) encoding IL-8 is implicated in the

etiology of several chronic inflammatory diseases, including asthma,

rheumatoid arthritis, skin inflammation, periodontitis, and cancer (7–

9). Sequence variants of the CXCL8 gene are responsible for developing

those disorders via two mechanisms. The first mechanism involves the

CXCL8 gene expression caused by polymorphisms in the promoter

region that lead to alteration in transcription factor binding. Changes in

CXCL8 expression levels influence the intensity of the pro-

inflammatory response and are often associated with distinct disease

phenotypes. The second mechanism involves structural modifications

in the receptor binding sites in the IL-8 protein, which can alter

receptor affinity (10, 11).

More than 700 SNPs (NCBI dbSNP) in the CXCL8 gene have

been identified, focusing on those located in the promoter and

protein-coding regions. The c.-251A>T (rs4073) variant is situated

in the CXCL8 gene at the transcription factor NF-KB binding site and

partially at the transcription enhancer-binding position (12). The NF-

kB activation pathway has garnered significant interest from

scientists due to its role in CXCL8 transcription (13). Both in vitro

and in vivo research revealed that allele c.-251T is associated with an

increased level of IL-8 (14). Certain studies have demonstrated

inappropriate activation of this pathway in gastrointestinal

conditions (15). The variant allele (T) frequency in the European

population is 57.9% (1000 Genomes Project Phase 3).

Meanwhile, variants in the IL-8 protein-coding region can

significantly affect the activity and structure, which disturbs the

course of the inflammatory reaction cascade. One notable
frontiersin.org
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substitution is c.91G>T (rs188378669), which results in the

premature termination of the IL-8 protein due to an amino acid

change (p.Glu31Ter) (12). The frequency of this rare variant is <1%

(1000 Genomes Project Phase 3). However, in our previous

investigation on genetic factors determining the response to

glucocorticoids, we observed in our study group, i.e., among

patients with IBD, an over eightfold higher frequency of this

variant compared to the European population (16). This finding

prompted us to study a larger IBD patient cohort to determine if

either of these two variants in the CXCL8 genemay be associated with

the manifestation of IBD and the inflammatory process cascade.
2 Materials and methods

2.1 Patients and samples

A group of 353 IBD patients (189 with CD and 164 with UC)

under the care of the University Clinical Hospital in Poznan, the

Department of Gastroenterology, Dietetics, and Internal Medicine,

along with 200 subjects (104 women and 96 men) from the Polish

population, were randomly enrolled to this study. IBD patients’

middle age was 46.7 ± 17.1 years, and for the population, 43.4 ± 15.2

years. CD and UC were diagnosed based on the clinical, endoscopic,

and histological data. All participants provided written informed

consent. To conduct the study at the protein level, we used serum

material from available three IBD patients with the DNA

substitution, 23 IBD patients without the genetic change, and 10

healthy individuals in whom IBD was excluded and who did not

have the tested variant. The study was approved by the local Ethics

Committee of Poznan University of Medical Sciences (resolution

nos. 436/13 and 466/20). All experiments were performed in

accordance with the principles of the 1964 Declaration of

Helsinki and its subsequent amendments.
2.2 DNA isolation

Genomic DNA was isolated from peripheral blood samples of

all individuals using the guanidine isothiocyanate method. Blood

was collected into 5-ml EDTA S-Monovette tubes (Sarstedt,

Numbrecht, Germany). The resulting DNA samples were stored

at 4°C in TE buffer (10 mM Tris–HCl, 0.1 mM EDTA, pH 8)

until use.
2.3 CXCL8 locus amplification

The amplification of CXCL8 gene fragment containing promoter

region with variant c.-251A>T was carried out in a total volume of 30

ml using 0.75 U of FIREPol® DNA Polymerase, 2.5 ml 10× buffer, 2.0

ml dNTP mix (2.5 mM each dNTP), 1.5 mM MgCl2 solution, 80 ng

DNA, and 0.2 mM of each primer (forward, 5′ATCTTGTTCTAA
CACCTGCCACTC3′, and biotinylated reverse, 5′AAGCTCCA
CAATTTGGTGAATTA3 ′). Amplification involved 50 cycles at
Frontiers in Immunology 03
95°C for 30 s, 58°C for 30 s, and 72°C for 60 s. All reagents were

obtained from Solis BioDyne (Tartu, Estonia). The PCR products

with a length of 112 bp were checked in 1.7% agarose

gel electrophoresis.
2.4 Pyrosequencing and competitive allele-
specific PCR

Genotyping of rs4073 locus in CXCL8 gene by pyrosequencing

was performed with a sequencing primer (5′TAGAAATAAA
AAAGCATACA3′) using the PSQ™ 96MA system (Qiagen

GmbH, Hilden, Germany) and PyroMark™ Gold Q96 Reagents

(Qiagen) as described by the manufacturer.

For genotyping of the rs188378669 (c.91G>T; p.Glu31Ter) in the

CXCL8 gene, competitive allele-specific PCR (KASP) was used. The

reaction mix contained one forward primer, two competitive reverse

primers (one complementary to the G allele labeled with FAM and the

other complementary to the T allele labeled with HEX), master mix,

genomic DNA, and water. The PCR reaction was carried out on CFX

Connect Real-Time PCRDetection System (Bio-Rad) according to the

manufacturer’s instructions. Fluorescent signals were detected using

Bio-Rad CFX Manager. Results were grouped based on genotype.
2.5 Sanger sequencing

Samples grouped using the KASP method were randomly

selected for sequencing to confirm the genotype by Sanger

sequencing. Sequencing was performed using BigDye Terminator

v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Waltham,

MA, USA) on the Applied Biosystems 3500 Series Genetic Analyzer.

For this purpose, the following primers were used: forward, 5′
ATCACTTTTTCCCCCAACAG3′ and reverse 5′CCTAACA
CCTGGAACTTTCCTAAA3′ for amplification of 246 bp product.
2.6 ELISA assay

The IL-8 concentration in serum was analyzed using an

enzyme-linked immunosorbent assay (ELISA), Human IL-8

ELISA Kit (Diaclone, cat. no. 950.050.192), according to the

manufacturer’s protocol. The absorbance was measured at 450

nm wavelength using an EL-808 scanner spectrometer (BioTek

Instruments Inc., USA). The test sensitivity was 12.3 pg/ml, and the

detection range was 31.25–1,000 pg/ml.
2.7 In silico prediction of variant
consequence and structure-based function

To evaluate the potential consequences of the rs188378669

(c.91G>T) variant, a comprehensive in silico analysis was

conducted using multiple bioinformatic tools and databases. To

analyze the structural characteristics of interleukin-8 (IL-8) protein,
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the AlphaFold AI (17, 18) system developed by Google DeepMind

and the PDBe-KB Database (19) were applied.

To assess pathogenicity indicators of the variant, the following

databases were uti l ized : NCBI dbSNP (20) , Cl inVar

(VCV003038842.2) (21), ProtVar (22), COSMIC (23), Mutation

taster (24), genomeAD browser (25), and VarSome Database (26).

To determine the probability of pathogenicity of the tested variant,

the subsequent models were used: CADD Score (27), BayesDel

Score (28), and EIGEN Score (29).
2.8 Statistical analysis

The chi-square test was applied to assess the compliance of the

obtained genotype distribution with the Hardy–Weinberg

equilibrium. Based on the threshold p-value (p > 0.05), the variants

were involved in the linkage disequilibrium analysis using the

Haploview v.4.2 software. To investigate the variants’ associations

with the disease the chi-square test was also used or Fisher’s exact test

for small group sizes (below 5). The quantitative data were analyzed

by the Student’s t-test in case data followed a normal distribution

(Shapiro–Wilks test). The Mann–Whitney test for comparison of two

subjects groups and Kruskal–Wallis test for comparison of three

groups was applied if the data did not follow the normal distribution.

These analyses were performed using PQStat 1.8.4 (PQStat Software,

Poland) and R software 4.3.2, and all tests were considered significant

at p value below 0.05. The false discovery rate (FDR) adjusted p-

values were calculated according to Bonferroni correction.
3 Results

A total of 353 IBD patients and 200 individuals from the Polish

population were genotyped for both loci, c.91G>T and c.-251A>T in

the CXCL8 gene. Pyrosequencing was used to identify the c.-

251A>T variant in the analyzed samples. All possible genotypes

were detected, with a variant allele frequency of 54% in IBD patients
Frontiers in Immunology 04
and 51.5% in controls. The KASP method was applied for the stop-

gain variant (c.91G>T) in CXCL8 gene identification. This

technique enabled the grouping of samples according to their

genotypes. We identified only the heterozygous form of this rare

variant, with a frequency of 0.5% in population of Poland and 4.25%

in Polish IBD patients. Sanger sequencing with the reverse primer

was used to confirm all heterozygotes.
3.1 Frequency and allele distribution

The frequency and distribution of all identified genotypes and

alleles in IBD patients and the Polish population group are

presented in Table 1.

The frequency of promoter variant c.-251A>T of the CXCL8

gene does not differ significantly. It was similar in both patients and

control groups and was not much different to the European

population in the 1000 Genomes database. For the second variant

studied by us, the frequency of the c.91T allele in the CXCL8 gene

was higher in the patient group compared to healthy controls

(p=0.012) and was also higher than the data from the 1000

Genomes database (which reports a frequency of <1% (30).

Therefore, we decided to check whether the differences in

frequency would be closely related to CD or UC, comparing both

groups of patients (Table 2). Performed analysis of c.91G>T

presence in CD and UC patients showed no significant differences

in allele and genotype distribution.
3.2 Pairwise linkage disequilibrium analysis

Haplotype analysis was performed to investigate possible

linkage disequilibrium between the examined polymorphic

changes in the CXCL8 gene. Results showed that both

polymorphisms c.91G>T and c.-251A>T are in strong (D′=1.0)
linkage disequilibrium, and three combinations of haplotypes have

been observed: TG, AG, and AT, respectively (Figure 1).
TABLE 1 CXCL8 gene variants distribution and frequency in IBD patients and Polish population subjects.

Genotype, n (%) MAF (%) HWE
p-value

IBD patients vs. population

c.-251A>T, rs4073 AA AT TT A A vs. T AA vs. AT + TT

IBD patients,
n = 353

73
(20.7)

180
(51)

100
(28.3)

46 0.61 p = 0.4955
OR 1.10

95%CI [0.86–1.41]

p = 0.8246
OR 0.93

95%CI [0.61–1.45]
Population,
n = 200

39
(19.5)

116
(58)

45
(22.5)

48.5 0.02

c.91G>T,
rs188378669

GG GT TT T G vs. T GG vs. GT + TT

IBD patients (n=353) 338
(95.8)

15
(4.2)

0
(0)

2.12 0.68 p = 0.0121
(padj. = 0.0363)
OR 8.66 95%CI
[1.14-65.82]

p = 0.0115
(padj. = 0.0345)
OR 8.83 95%CI
[1.16-67.36]Population

(n=200)
199
(99.5)

1
(0.5)

0
(0)

0.25 0.25
HWE, Hardy–Weinberg equilibrium; threshold p-value is 0.05; MAF, minor allele frequency; OR, odds ratio; CI, confidence intervals; padj., p-value after Bonferroni statistical correction; bold
font, p < 0.05.
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3.3 Variant c.91G>T clinical consequences

For the clinical consequences analysis of the c.91G>T variant,

data were collected from the entire group of heterozygous IBD

patients (14 subjects) and 23 randomly selected homozygous IBD

patients. The characteristics of this group is presented in Table 3.

We compared the distribution of GT and GG genotypes in CD

and UC locations. Among CD patients with GT genotype, cases

with L1, L2, and L3 were found. No homozygotes GG with CD

localization in L1 were observed. In turn, among CU carriers of the

variant at position c.91, there were only single cases with E2 and E3,

and homozygotes GG had E1, E2, and E3. However, no statistically

significant differences were found (Figure 2A). Regarding GI

surgery due to IBD, more patients with the GT genotype

underwent surgical treatment compared to GG homozygotes

(Figure 2B), although this difference was borderline significant

before statistically correction (p = 0.0851, padj. = 0.2389, Table 3).

Genotype GT also predisposed to the need for treatment with
Frontiers in Immunology 05
corticosteroids. The odds ratio of using corticosteroids therapy in

the GT genotype group are 7.8 times higher than in the

homozygous GG group (p = 0.0164, padj. = 0.0654, Table 3).

IL-8 concentration was measured in serum samples from three

IBD patients with the heterozygous c.91G>T variant, 23 IBD

patients with homozygous GG, and 10 healthy homozygous GG

controls. All those 26 IBD patients were in remission state of

disease. We observed increased IL-8 concentration in IBD

patients with the GG genotype compared to healthy controls with

the same genotype at the studied c.91 position of the CXCL8 gene (p

= 0.0018, Figure 2C; padj. = 0.0055, Table 3). Meanwhile, the GT

heterozygous IBD patients exhibited lower mean IL-8 concentration

than GG homozygous IBD patients but higher than GG healthy

controls (61.73 vs. 70.02 vs. 51.50, respectively).
3.4 Prediction of variant consequences and
structure-based functional analysis

To determine the potential consequences of the rs188378669

c.91G>T variant, an in silico analysis was conducted, focusing on

the conservation of the p.Glu31Ter position as a nonsense variant

and its predicted pathogenicity. For this purpose, information

regarding the structure of IL-8 was retrieved from AlphaFold.

The altered amino acid position in rs188378669, Glu31, receives a

pathogenicity score of 0.737 (probability scale: 0, benign; 1, highly

pathogenic). This suggests that the Glu31 alteration is likely

pathogenic. The structures available in the PDBe-KB (Protein

Data Bank in Europe—Knowledge Base) database do not describe

(except one entry) the first 29 amino acids of IL-8. These initial

amino acids are part of a precursor, and the functional protein

begins after this segment. In most cases, protein structure

simulations start at the 30th amino acid, as the functional part of

the protein begins at this point (32). This fact emphasizes the

potential significance of a mutation that causes a stop in protein

synthesis at the 31st nucleotide site.

An in silico analysis of rs188378669 using NCBI dbSNP,

ClinVar (accession, VCV003038842.2), ProtVar, and COSMIC

databases indicated that premature protein termination is a

predic ted consequence of the c .91G>T var iant . The

MutationTester tool classifies this variant as disease causing.

ProtVar and the gnomAD browser report a CADD score of 35

for this variant, indicating a high likelihood of deleteriousness

(CADD score > 29.9 is highly likely to be deleterious). A

BayesDel noAF score of 0.588 also indicated (score ranges from
FIGURE 1

Linkage disequilibrium between analyzed variants in the CXCL8
gene. Haplotype diagram was prepared with Haploview v.4.2 and
show calculated and graphically displayed the absolute value of
Lewontin’s measure of linkage disequilibrium, D’ among both
studied variants. The intensity of the filled-in box corresponds to the
total linkage disequilibrium.
TABLE 2 Distribution of rs188378669 in CXCL8 gene among CD and UC patients.

Patients group Genotype, n (%) MAF (%) CD vs. UC

GG GT TT T G vs. T GG vs. GT + TT

CD
n = 189

182
(96.3)

7
(3.7)

0
(0)

1.9 p = 1.0
OR 1.16

95%CI [0.23–5.84]

p = 0.8579
OR 1.16

95%CI [0.23–5.96]
UC
n = 164

157
(95.7)

7
(4.3)

0
(0)

2.1
MAF, minor allele frequency; OR, odds ratio; CI, confidence intervals; CD, Crohn’s disease; CU, colitis ulcerosa.
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−1.29334 to 0.75731) a strongly pathogenic nature of the variant

(23). Another source indicating the variant’s pathogenicity is the

EIGEN score, which was found to be 0.9117, interpreted as

Pathogenic Moderate.

The VarSome database was used to summarize and organize the

above data. VarSome assigned the examined variant a high

pathogenicity meta-score of 6 (scale: 1, supporting; 2, moderate;

4, strong; 8, very strong). It should be noted, however, that some

databases used in the VarSome database, like FATHMM_XF,

classify the change as benign, although these represent a minority

of the sources (33).
Frontiers in Immunology 06
4 Discussion

Pathogenesis of IBD, one of the fastest-growing and incurable

diseases of modern civilization, despite extensive global research, is

still not yet fully elucidated. However, it is considered to be a result

of an inappropriate inflammatory response to intestinal microbes in

genetically predisposed subjects (34). Given the pivotal role of

chemokines in the immune system, we investigated in this study

whether the CXCL8 gene encoding one of the most important of

them, IL-8, could be associated with the disease manifestation and

the course of the disease. Because IBD is still an incurable disorder
TABLE 3 Subject characteristics included the serum measurement.

Parameter IBD c.91GT (n
= 14)

IBD c.91GG (n
= 23)

HC c.91GG (n
= 10)

p-value p-value
adjusted

Sex F 8 (57.1%) 14 (60.9%) 5 (50.0%) 0.8571 0.8771

M 6 (42.9%) 9 (39.1%) 5 (50.0%)

Age, y, mean ± SD;
(min–max)

33.3 ± 19.3
(18–55)

40.5 ± 14.2
(24–75)

43.4 ± 6.6
(27–50)

0.3679 0.3679

IBD
diagnosis

CD 12 (85.7%) 11 (47.8%) – 0.0355
OR 0.16

CI 95% [0.01, 0.97]

0.0355

CU 2 (14.3%) 12 (52.2%)

Smoker 1 (7.1%) 1 (4.4) 0 (0%) 1.0 1.0

Intestinal locationa

Ileal (L1) 2 (14.3%) 0 (0%) – 0.4783 1.0

Colonic (L2) 4 (28.6%) 2 (8.7%) – 0.6404 1.0

Ileocolonic (L3) 5 (35.7%) 9 (39.1%) – 0.193 0.5791

Proctitis (E1) 0 (0.0%) 2 (8.7%) – 1.0 1.0

Left-sided colitis (E2) 1 (7.1%) 7 (30.4%) – 1.0 1.0

Extensive colitis (E3) 1 (7.1%) 3 (13.1%) – 0.5055 1.0

Medication

Mesalamine 14 (100%) 23 (100%) – NA NA

Corticosteroids 12 (85.7%) 10 (43.5%) – 0.0164
OR 7.8, CI 95%
[1.41–43.08]

0.0654

Azathioprine 7 (50%) 7 (30.4%) – 0.3035 1.0

Infliximab/
Adalimumab

9 (64.3%) 8 (34.8%) – 0.1014 0.4056

Surgical treatment 8 (57.1%) 6 (26.1%) – 0.0851
OR 3.63, CI 95%
[0.75–19.46]

0.3404

Serum IL-8
concentration, pg/ml,
mean ± SD (min–
max), median

e61.7 ± 8.3
(52.3–67.6),

65.4

70.0 ± 19.8
(49.8–124.1),

62.3

51.5 ± 5.9
(44.3–63.0),

52.5

0.0060
0.1078b,
0.6882c,
0.0018d

0.0060
0.1616b

0.6882c

0.0055d
aDisease location were classified according to the Montreal Classification (31); IBD, inflammatory bowel disease; CD, Crohn’s disease; CU, colitis ulcerosa; HC, healthy controls; NA,
not analysed.
bIBD c.91GT vs. IBD c.91GG.
cIBD c.91GT vs. HC c.91GG.
dIBD c.91GG vs. HC c.91GG; bold font, p-value = 0.05.
eIn this group, serum analysis was performed for three persons only.
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associated with major morbidity inWestern countries, searching for

new IBD-associated loci and therapeutic targets is an extremely

urgent challenge currently the more so that it is a complex,

polygenic disease. Up to date, over 200 loci associated with IBD

have been identified, mainly through genome-wide association

studies (GWAS), from which one of the first was the NOD2 gene

(35, 36). Approximately 68% of these loci are common for CD and

UC, indicating that these diseases share inflammatory pathways

(35). However, the CXCL8 gene has yet to be identified

among them.

In our IBD patients cohort, heterozygotes GT in locus c.91 of

the CXCL8 gene were presented with a frequency of 4.25%

compared to 0.5% in the Polish population. We decided to we

decided to investigate whether this variant is significantly related

either to CD or UC. However, the results showed no association

with a specific IBD entity. The presented study has demonstrated

for the first time such a correlation of this nonsense substitution

c.91G>T in the CXCL8 gene with the presence of IBD. The results

also confirmed our previous observations concerning this variant

frequency, based on the NGS study of patients with IBD. It is worth

noting that c.91 locus of the CXCL8 gene has been already

associated with early-onset myocardial infarction, hypertension,

chronic kidney disease, or endometrial carcinoma (23, 37).

The nucleotide substitution c.91G>T (known as mutation

numbered COSV56640974) analyzed in this study has serious

consequence—change in the 31st amino acid (Glu) to codon

STOP and premature protein chain termination. As a result, a

non-functional protein is produced, characterized by reduced

stability and receptor-binding affinity, potentially disrupting the

proper inflammatory pathway in which IL-8 plays a crucial role

(12). Our extensive in silico predictive analysis strongly supports the

pathogenic nature of the c.91G>T (p.Glu31Ter) variant.
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IL-8 activity depends on interaction with the human CXC

chemokine receptors CXCR-1 and CXCR-2, atypical chemokine

receptor encoded by ACKR1 gene, and glycosaminoglycans (6). In

the case of IBD, IL-8 recruits and activates neutrophils into the

lamina propria and epithelium by binding to the CXCR-1/2 receptors

(38). The axis IL-8-CXCR-1/2 is crucial in the pathogenesis of UC

through multiple signaling pathways, including PI3K/Akt, MAPKs,

and NF-kB. There are suggestions that targeted inhibition of this

essential axis, IL-8-CXCR-1/2, could be a new therapeutic strategy for

the disease (39, 40). Research performed on the DSS-induced mice

model revealed that treatment with CXCR-1/2 antagonist improved

the colonic condition of mice (6). Chapuy and his research team

established a link between monocyte-like CD163−MNPs, IL-12, and

IL-1b and the detection of colonic memory IL-8-producing CD4+ T

cells, which might all contribute to the pathogenesis of UC but not of

CD (41). However, IL-8 is only one of the chemokines produced by

inflamed epithelial cells in UC patients, besides C-X-C motif

chemokines 1 and 9, and others (42, 43). To better understand the

exact role of CXCL8 in the genes-based network, we created

interaction networks using GeneMANIA (Figure 3) (44). This

network visualizes the link of CXCL8 with other genes, not only

receptor genes but also genes of many abovementioned interleukins,

ligands, matrix metalloprotein, intercellular adhesion molecule, and

G protein subunits.

Furthermore, recent studies show IL-8 to be a critical factor

contributing to tumorigenesis (45). Upregulation of IL-8 was observed

at the tumor invasion front in several human cancers. Modulation of IL-

8 by CXCR1/2 chemokine receptors promotes various intracellular

signaling cascades that lead to tumor-associated inflammation (46).

Hence, deciphering the regulatory and signaling function of IL-8 and its

further effects may hold prognostic clinical prospects for therapies.

Currently, multiple clinical trials are ongoing (6).
FIGURE 2

Effect of CXCL8 gene c.91 genotypes on (A) CD and CU location; L1, terminal ileum; L2, colon; L3, ileocolon; E1, ulcerative proctitis, involvement
limited to rectum; E2, left-sided ulcerative colitis, involvement limited to a portion of colorectum distal to splenic flexure; E3, extensive ulcerative
colitis: involvement extends proximal to splenic flexure. (B) GI tract surgical treatment; GI, gastrointestinal, p-value calculated using the Fisher’s exact
test before correction, adjusted p-value using Bonferroni correction are included in Table 3; (C) serum IL-8 concentration, median with Q1–Q3, and
min.–max. value (whiskers); each point represents a single concentration measurement, p-value calculated by non-parametric Mann–Whitney
before correction, adjusted p-value using Bonferroni correction are included in Table 3.
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Previously, we have also analyzed distribution of this variant

c.91G>T in CXCL8 gene in a group of cystic fibrosis patients from

the Polish population, searching for prognostic markers of clinical

form of the disease. We found only one heterozygote c.91GT in a

group of 55 individuals (47).

Our results here show a borderline association between the GT

variant genotype and the need for GI tract surgical treatment,

suggesting its relevance to IBD pharmacotherapy effectiveness.

Although this study did not explicitly focus on treatment effects,

this issue will be addressed in future research. Nevertheless, the

observed relationship may indicate the involvement of this variant

in the therapy response connected with the disease’s course. Similar

association is visible for the GCS treatment; however, further

advanced pharmacogenetic investigation are necessary. It should

be noted that the mechanism of action of IL-8 is complicated and

not obvious. In vitro data demonstrate that chemokine IL-8

concentration gradient determines neutrophil motile behaviors.

Namely, neutrophils migrate toward increased IL-8 concentration;

however, high concentration of IL-8 can repel neutrophils and

induce their reverse movement (48, 49).
4.1 Limitations of the study

We are also aware of another limitation of this study. The IL-8

serum concentrations were measured only in patients in the

remission phase to maintain homogeneous conditions with the
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control group. However, data from patients during exacerbation

would also be valuable and should be included in future studies.

Second, we had a limited number of GT genotype patients and even

fewer protein studies due to the very low frequency of variant

c.91G>T in the CXCL8 gene. Namely, in the genetic studies of 353

IBD patients, we showed 14 heterozygotes. For serum testing, only

three patients simultaneously meets the criterion of no exacerbation

and provided a fresh blood sample. With unbalanced groups (with

one group with n = 3), the power of the analysis drops from

approximately 87.3% to approximately 80.6%.
5 Conclusion

The results of our study, presenting new significant associations

with the IBD locus in the CXCL8 gene and defining for the first time

IL-8 concentration in IBD p.Glu31Ter carriers, need further

confirmation from other populations and functional studies

before it may constitute a promising therapeutic value for IBD in

the future.
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FIGURE 3

Network analysis of CXCL8 gene associations. Graph prepared based on BIOGRID database using GeneMANIA tool (44). CXCL8, C-X-C motif
chemokine ligand 8 (interleukin 8); CCL8, C-C motif chemokine ligand 8; CCL2, C-C motif chemokine ligand 2; ACKR1, atypical chemokine receptor
1; PF4, platelet factor 4; CXCR1, C-X-C motif chemokine receptor 1; CXCR2, C-X-C motif chemokine receptor 2; CXCL3, C-X-C motif chemokine
ligand 3; CXCL1, C-X-C motif chemokine ligand 1; CXCL2, C-X-C motif chemokine ligand 2; IL6, interleukin 6; GNA15, G protein subunit alpha 15;
GNA14, G protein subunit alpha 14; ICAM1, intercellular adhesion molecule 1; IL1B, interleukin 1 beta; MMP13, matrix metallopeptidase 13;
MACROH2A1, macroH2A.1 histone; CCL20, C-C motif chemokine ligand 20; CXCL10, C-X-C motif chemokine ligand 10; PLAUR, plasminogen
activator, urokinase receptor; HBEGF, heparin binding EGF-like growth factor.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1562618
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Gabryel et al. 10.3389/fimmu.2025.1562618
Ethics statement

The studies involving humans were approved by Bioethics

Commission at the Medical University Karol Marcinkowski in

Poznan, Bukowska 70, room A20, 460-812 Poznan. The studies

were conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study.
Author contributions

MG: Data curation, Funding acquisition, Investigation, Project

administration, Writing – original draft. OZ: Investigation, Project

administration, Writing – original draft, Methodology, Visualization.

KL: Investigation, Methodology, Writing – review & editing. KH:

Investigation, Methodology, Writing – original draft. AB: Data

curation, Writing – review & editing. JS: Writing – review &

editing, Methodology. MH: Methodology, Writing – review &

editing, Investigation. AD: Writing – review & editing,

Conceptualization, Supervision. MS: Conceptualization, Supervision,

Writing – review & editing, Formal Analysis, Visualization.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This study was partly

supported by a Grant from the National Center of Science in Poland
Frontiers in Immunology 09
(number 2015/17/N/NZ5/00689). The publication fee was co-

financed by Institute of Human Genetics Polish Academy of

Sciences in Poznan, Poznan University of Medical Sciences and

the Polish Minister of Science and Higher Education as part of the

Strategy of the Poznan University of Life Sciences for 2024-2026 in

the field of improving scientific research and development work in

priority research areas.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, et al.
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st
century: a systematic review of population-based studies. Lancet. (2017) 390:2769–
78. doi: 10.1016/S0140-6736(17)32448-0

2. Nishida A, Inoue R, Inatomi O, Bamba S, Naito Y, Andoh A. Gut microbiota in
the pathogenesis of inflammatory bowel disease. Clin J Gastroenterol. (2018) 11:1–10.
doi: 10.1007/s12328-017-0813-5

3. Xavier RJ, Podolsky DK. Unravelling the pathogenesis of inflammatory bowel
disease. Nature. (2007) 448:427–34. doi: 10.1038/nature06005

4. Medzhitov R. Origin and physiological roles of inflammation. Nature. (2008)
454:428–35. doi: 10.1038/nature07201

5. Russo RC, Garcia CC, Teixeira MM, Amaral FA. The CXCL8/IL-8 chemokine
family and its receptors in inflammatory diseases. Expert Rev Clin Immunol. (2014)
10:593–619. doi: 10.1586/1744666X.2014.894886

6. Cambier S, Gouwy M, Proost P. The chemokines CXCL8 and CXCL12: molecular
and functional properties, role in disease and efforts towards pharmacological
intervention. Cell Mol Immunol. (2023) 20:217–51. doi: 10.1038/s41423-023-00974-6

7. Harada A, Sekido N, Akahoshi T, Wada T, Mukaida N, Matsushima K. Essential
involvement of interleukin-8 (IL-8) in acute inflammation. J Leukoc Biol. (1994)
56:559–64. doi: 10.1002/jlb.56.5.559

8. Andia DC, Letra A, Casarin RC, Casati MZ, Line SR, de Souza AP. Genetic
analysis of the IL8 gene polymorphism (rs4073) in generalized aggressive periodontitis.
Arch Oral Biol. (2013) 58:211–7. doi: 10.1016/j.archoralbio.2012.05.008

9. Wang N, Zhou R, Wang C, Guo X, Chen Z, Yang S, et al. -251 T/A polymorphism
of the interleukin-8 gene and cancer risk: a HuGE review and meta-analysis based on 42
case-control studies.Mol Biol Rep. (2012) 39:2831–41. doi: 10.1007/s11033-011-1042-5

10. Ha H, Debnath B, Neamati N. Role of the CXCL8-CXCR1/2 axis in cancer and
inflammatory diseases. Theranostics. (2017) 7:1543–88. doi: 10.7150/thno.15625
11. Hoffmann E, Dittrich-Breiholz O, Holtmann H, Kracht M. Multiple control of
interleukin-8 gene expression. J Leukoc Biol. (2002) 72:847–55. doi: 10.1189/jlb.72.5.847

12. Dakal TC, Kala D, Dhiman G, Yadav V, Krokhotin A, Dokholyan NV.
Predicting the functional consequences of non-synonymous single nucleotide
polymorphisms in IL8 gene. Sci Rep. (2017) 7:6525. doi: 10.1038/s41598-017-06575-4

13. Nourbakhsh M, Kalble S, Dorrie A, Hauser H, Resch K, Kracht M. The NF-
kappa b repressing factor is involved in basal repression and interleukin (IL)-1-induced
activation of IL-8 transcription by binding to a conserved NF-kappa b-flanking
sequence element. J Biol Chem. (2001) 276:4501–8. doi: 10.1074/jbc.M007532200

14. Charrad R, Kaabachi W, Rafrafi A, Berraies A, Hamzaoui K, Hamzaoui A. IL-8
gene variants and expression in childhood asthma. Lung. (2017) 195:749–57.
doi: 10.1007/s00408-017-0058-6

15. Cotton JA, Platnich JM, Muruve DA, Jijon HB, Buret AG, Beck PL. Interleukin-8
in gastrointestinal inflammation and Malignancy: Induction and clinical consequences.
Int J Interf Cytokine Mediat Res. (2016) 8:13–34. doi: 10.2147/IJICMR.S63682

16. Skrzypczak-Zielinska M, Gabryel M, Marszalek D, Dobrowolska A, Slomski R.
NGS study of glucocorticoid response genes in inflammatory bowel disease patients.
Arch Med Sci. (2021) 17:417–33. doi: 10.5114/aoms.2019.84470

17. Jumper J, Evans R, Pritzel A, Green T, Figurnov M, Ronneberger O, et al. Highly
accurate protein structure prediction with AlphaFold. Nature. (2021) 596:583–9.
doi: 10.1038/s41586-021-03819-2

18. Varadi M, Bertoni D, Magana P, Paramval U, Pidruchna I, Radhakrishnan M, et al.
AlphaFold Protein Structure Database in 2024: providing structure coverage for over 214
million protein sequences.Nucleic Acids Res. (2024) 52:D368–75. doi: 10.1093/nar/gkad1011

19. PDBe-KB consortium. PDBE-KB: A community-driven resource for structural and
functional annotations. Nucleic Acids Res. (2020) 48:D344–53. doi: 10.1093/nar/gkz853

20. SherryST,WardMH,KholodovM,BakerJ,PhanL,SmigielskiEM,etal.dbSNP:theNCBI
databaseofgeneticvariation.NucleicAcidsRes.(2001)29:308–11.doi:10.1093/nar/29.1.308
frontiersin.org

https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1007/s12328-017-0813-5
https://doi.org/10.1038/nature06005
https://doi.org/10.1038/nature07201
https://doi.org/10.1586/1744666X.2014.894886
https://doi.org/10.1038/s41423-023-00974-6
https://doi.org/10.1002/jlb.56.5.559
https://doi.org/10.1016/j.archoralbio.2012.05.008
https://doi.org/10.1007/s11033-011-1042-5
https://doi.org/10.7150/thno.15625
https://doi.org/10.1189/jlb.72.5.847
https://doi.org/10.1038/s41598-017-06575-4
https://doi.org/10.1074/jbc.M007532200
https://doi.org/10.1007/s00408-017-0058-6
https://doi.org/10.2147/IJICMR.S63682
https://doi.org/10.5114/aoms.2019.84470
https://doi.org/10.1038/s41586-021-03819-2
https://doi.org/10.1093/nar/gkad1011
https://doi.org/10.1093/nar/gkz853
https://doi.org/10.1093/nar/29.1.308
https://doi.org/10.3389/fimmu.2025.1562618
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Gabryel et al. 10.3389/fimmu.2025.1562618
21. Landrum MJ, Lee JM, Riley GR, Jang W, Rubinstein WS, Church DM, et al.
ClinVar: public archive of relationships among sequence variation and human
phenotype. Nucleic Acids Res. (2014) 42:D980–5. doi: 10.1093/nar/gkt1113

22. Stephenson JD, Totoo P, Burke DF, Jänes J, Beltrao P, Martin MJ. ProtVar:
mapping and contextualizing human missense variation. Nucleic Acids Res. (2024) 52:
W140–7. doi: 10.1093/nar/gkae413

23. Tate JG, Bamford S, Jubb HC, Sondka Z, Beare DM, Bindal N, et al. COSMIC:
the catalogue of somatic mutations in cancer. Nucleic Acids Res. (2019) 47:D941–7.
doi: 10.1093/nar/gky1015

24. Schwarz JM, CooperDN, SchuelkeM, SeelowD.MutationTaster2: mutation prediction
for the deep-sequencing age. Nat Methods. (2014) 11:360–1. doi: 10.1038/nmeth.2892

25. Karczewski KJ, Francioli LC, Tiao G, Cummings BB, Alföldi J, Wang Q, et al.
The mutational constraint spectrum quantified from variation in 141,456 humans.
Nature. (2020) 581:434–43. doi: 10.1038/s41586-020-2308-7

26. Kopanos C, Tsiolkas V, Kouris A, Chapple CE, Albarca Aguilera M, Meyer R,
et al. VarSome: the human genomic variant search engine. Bioinformatics. (2019)
35:1978–80. doi: 10.1093/bioinformatics/bty897

27. Rentzsch P, Witten D, Cooper GM, Shendure J, Kircher M. CADD: Predicting
the deleteriousness of variants throughout the human genome. Nucleic Acids Res.
(2019) 47:D886–94. doi: 10.1093/nar/gky1016

28. Feng BJ. PERCH: A unified framework for disease gene prioritization. Hum
Mutat. (2017) 38:243–51. doi: 10.1002/humu.23158

29. Ionita-Laza I, Mccallum K, Xu B, Buxbaum JD. A spectral approach integrating
functional genomic annotations for coding and noncoding variants. Nat Genet. (2016)
48:214–20. doi: 10.1038/ng.3477

30. Auton A, Brooks LD, Durbin RM, Garrison EP, Kang HM, Korbel JO, et al. A
global reference for human genetic variation. Nature. (2015) 526:68–74. doi: 10.1038/
nature15393

31. Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal classification
of inflammatory bowel disease: Controversies, consensus, and implications. Gut. (2006)
55:749–53. doi: 10.1136/gut.2005.082909

32. Yoshimura T, Robinson EA, Appella E, Matsushima K, Showalter SD, Skeel A,
et al. Three forms of monocyte-derived neutrophil chemotactic factor (mdncf)
distinguished by, different lengths of the amino-terminal sequence. Mol Immunol.
(1989) 26:87–93. doi: 10.1016/0161-5890(89)90024-2

33. Rogers MF, Shihab HA, Mort M, Cooper DN, Gaunt TR, Campbell C.
FATHMM-XF: Accurate prediction of pathogenic point mutations via extended
features. Bioinformatics. (2018) 34:511–3. doi: 10.1093/bioinformatics/btx536

34. Ramos GP, Papadakis KA. Mechanisms of disease: inflammatory bowel diseases.
Mayo Clin Proc. (2019) 94:155–65. doi: 10.1016/j.mayocp.2018.09.013

35. Jostins L, Ripke S, Weersma RK, Duerr RH, McGovern DP, Hui KY, et al. Host-
microbe interactions have shaped the genetic architecture of inflammatory bowel
disease. Nature. (2012) 491:119–24. doi: 10.1038/nature11582

36. Liu JZ, van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, et al.
Association analyses identify 38 susceptibility loci for inflammatory bowel disease and
Frontiers in Immunology 10
highlight shared genetic risk across populations. Nat Genet. (2015) 47:979–86.
doi: 10.1038/ng.3359

37. Yamada Y, Kato K, Oguri M, Horibe H, Fujimaki T, Yasukochi Y, et al.
Identification of 13 novel susceptibility loci for early-onset myocardial infarction,
hypertension, or chronic kidney disease. Int J Mol Med. (2018) 42:2415–36.
doi: 10.3892/ijmm.2018.3852

38. Stillie R, Farooq SM, Gordon JR, Stadnyk AW. The functional significance
behind expressing two IL–8 receptor types on PMN. J Leukoc Biol. (2009) 86:529–43.
doi: 10.1189/jlb.0208125

39. Walana W, Ye Y, Li M, Wang J, Wang B, Cheng JW, et al. IL-8 antagonist,
CXCL8(3-72)K11R/G31P coupled with probiotic exhibit variably enhanced therapeutic
potential in ameliorating ulcerative colitis. BioMed Pharmacother. (2018) 103:253–61.
doi: 10.1016/j.biopha.2018.04.008

40. Zhu Y, Yang S, Zhao N, Liu C, Zhang F, Guo Y, et al. CXCL8 chemokine in
ulcerative colitis. BioMed Pharmacother. (2021) 138:111427. doi: 10.1016/
j.biopha.2021.111427

41. Chapuy L, Bsat M, Rubio M, Sarkizova S, Therrien A, Bouin M, et al. IL-12 and
mucosal CD14+ monocyte-like cells induce IL-8 in Colonic Memory CD4+ T Cells of
patients with ulcerative colitis but not Crohn’s disease. J Crohn’s Colitis. (2020) 14:79–
95. doi: 10.1093/ecco-jcc/jjz115

42. Banks C, Bateman A, Payne R, Johnson P, Sheron N. Chemokine expression in
IBD. Mucosal chemokine expression is unselectively increased in both ulcerative colitis
and Crohn’s disease. J Pathol. (2003) 199:28–35. doi: 10.1002/path.1245

43. Egesten A, Eliasson M, Olin AI, Erjefält JS, Bjartell A, Sangfelt P, et al. The
proinflammatory CXC-chemokines GRO-a/CXCL1 and MIG/CXCL9 are concomitantly
expressed in ulcerative colitis and decrease during treatment with topical corticosteroids.
Int J Colorectal Dis. (2007) 22:1421–7. doi: 10.1007/s00384-007-0370-3

44. Warde-Farley D, Donaldson SL, Comes O, Zuberi K, Badrawi R, Chao P, et al. .
doi: 10.1093/nar/gkq537

45. Sadafi S, Amirifard N, Aleagha OE, Mirbahari SG, Sadeghi M. A Meta-Analysis
of Association Between Interleukin Polymorphisms (rs4073, rs1800925, rs1179251,
rs1179246, rs2227485, rs17855750, and rs153109) and Colorectal Cancer Risk. Biochem
Genet. (2024) 15. doi: 10.1007/s10528-024-10969-1

46. Han ZJ, Li YB, Yang LX, Cheng HJ, Liu X, Chen H. Roles of the cxcl8-cxcr1/2
axis in the tumor microenvironment and immunotherapy. Molecules. (2022) 27:137.
doi: 10.3390/molecules27010137

47. Zakerska-Banaszak O, Gozdzik-Spychalska J, Gabryel M, Zuraszek J,
Skrzypczak-Zielinska M, Slomski R, et al. IL1B gene variants, but not TNF, CXCL8,
IL6 and IL10, modify the course of cystic fibrosis in Polish patients. F1000Res. (2022)
11:379. doi: 10.12688/f1000research.110472.3

48. Hou Y, Huttenlocher A. Advancing chemokine research: the molecular function
of CXCL8. J Clin Invest. (2024) 134:e180984. doi: 10.1172/JCI180984

49. Tharp WG, Yadav R, Irimia D, Upadhyaya A, Samadani A, Hurtado O, et al.
Neutrophil chemorepulsion in defined interleukin-8 gradients in vitro and in vivo. J
Leukoc Biol. (2006) 79:539–54. doi: 10.1189/jlb.0905516
frontiersin.org

https://doi.org/10.1093/nar/gkt1113
https://doi.org/10.1093/nar/gkae413
https://doi.org/10.1093/nar/gky1015
https://doi.org/10.1038/nmeth.2892
https://doi.org/10.1038/s41586-020-2308-7
https://doi.org/10.1093/bioinformatics/bty897
https://doi.org/10.1093/nar/gky1016
https://doi.org/10.1002/humu.23158
https://doi.org/10.1038/ng.3477
https://doi.org/10.1038/nature15393
https://doi.org/10.1038/nature15393
https://doi.org/10.1136/gut.2005.082909
https://doi.org/10.1016/0161-5890(89)90024-2
https://doi.org/10.1093/bioinformatics/btx536
https://doi.org/10.1016/j.mayocp.2018.09.013
https://doi.org/10.1038/nature11582
https://doi.org/10.1038/ng.3359
https://doi.org/10.3892/ijmm.2018.3852
https://doi.org/10.1189/jlb.0208125
https://doi.org/10.1016/j.biopha.2018.04.008
https://doi.org/10.1016/j.biopha.2021.111427
https://doi.org/10.1016/j.biopha.2021.111427
https://doi.org/10.1093/ecco-jcc/jjz115
https://doi.org/10.1002/path.1245
https://doi.org/10.1007/s00384-007-0370-3
https://doi.org/10.1093/nar/gkq537
https://doi.org/10.1007/s10528-024-10969-1
https://doi.org/10.3390/molecules27010137
https://doi.org/10.12688/f1000research.110472.3
https://doi.org/10.1172/JCI180984
https://doi.org/10.1189/jlb.0905516
https://doi.org/10.3389/fimmu.2025.1562618
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Is a rare CXCL8 gene variant a new possible cause or course factor of inflammatory bowel disease?
	1 Introduction
	2 Materials and methods
	2.1 Patients and samples
	2.2 DNA isolation
	2.3 CXCL8 locus amplification
	2.4 Pyrosequencing and competitive allele-specific PCR
	2.5 Sanger sequencing
	2.6 ELISA assay
	2.7 In silico prediction of variant consequence and structure-based function
	2.8 Statistical analysis

	3 Results
	3.1 Frequency and allele distribution
	3.2 Pairwise linkage disequilibrium analysis
	3.3 Variant c.91G&gt;T clinical consequences
	3.4 Prediction of variant consequences and structure-based functional analysis

	4 Discussion
	4.1 Limitations of the study

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


