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Plain English Summary

We investigated the relationship between genetic variations in the IL-6 and IL-8 genes and the risk of sinus
infections by comparing patients with healthy individuals (controls) to assess the differences in immune
chemical levels and gene types. We discovered that patients had higher levels of inflammatory markers
such as IL-10 and IL-1a, and that protective gene variants like IL-6 GC and IL-8 AT were more common in
healthy individuals. These findings suggest that IL-6 and IL-8 gene variations may influence immune
response and the risk of chronic sinusitis.
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Introduction

Chronic rhinosinusitis (CRS) is one of the most
widespread and persistent inflammatory conditions
affecting the paranasal sinuses. Clinically, it is
defined by inflammation lasting at least 12 weeks
(1). The development of CRS is often driven by a
mix of environmental factors, microbial
colonisation, and variations in individual immune
responses. Over time, this prolonged inflammation
can lead to structural damage within the sinuses.
While inflammation is a natural protective
mechanism, when it becomes chronic or poorly
regulated, it may result in tissue dysfunction and
remodelling (2). At the centre of this immune
process are cytokines—small, active proteins that
act as messengers between immune cells. These
molecules work through specialised receptors and
influence gene activity and cellular behaviour (3).
Several cytokines have been closely linked to the
pathophysiology of CRS, especially interleukin-6
(IL-6), interleukin-8 (IL-8), interleukin-1 alpha (IL-
1a), interleukin-10 (IL-10), and interferon-gamma
(IFN-v) (4).

For instance, IL-6 plays a key role in promoting B-
cell maturation and antibody production (5), while
IL-8 is known for attracting and activating
neutrophils, contributing to inflammation in the
nasal mucosa (6).

Interestingly, recent studies have highlighted the
role of genetic variations, particularly single-
nucleotide polymorphisms (SNPs), in influencing
cytokine function. These genetic changes can
affect how much of a cytokine is produced or how
it behaves in the body (7). For example, SNPs in
the IL-8 gene promoter have been associated with
increased gene expression and a higher risk of
chronic respiratory inflammation, including nasal
polyps (8). Similarly, the -174 G/C SNP in the IL-6
gene has been linked to altered gene activity and
susceptibility to various inflammatory diseases (9,
10). Sinus infections often begin as viral but can
progress into bacterial infections, especially in
chronic or recurrent cases. Among the most
common bacteria found in such cases is
Staphylococcus aureus (11). Its continued
presence can prolong immune activation, damage
epithelial barriers, and worsen inflammation.
Notably, not everyone responds to these infections
in the same way—some individuals seem more
prone to severe or long-lasting inflammation,
suggesting a genetic predisposition (12, 13).
These genetic variants, due to their functional

importance and the extensive research
surrounding cytokine gene regulation, were
selected for our study. The IL-6-174 G/C

polymorphism is known to impact IL-6 gene

transcription and has been linked to various chronic
inflammatory diseases, including respiratory
infections. Similarly, the IL-8-251 A/T SNP
influences promoter activity and is associated with
enhanced IL-8 levels, especially during mucosal
and respiratory tract inflammation. Previous
research has also connected these variants to
increased susceptibility to conditions such as
asthma, chronic rhinosinusitis, and infections
caused by Staphylococcus aureus, a principal
pathogen of interest in our research. Therefore,
these SNPs are both biologically important and
clinically  relevant for exploring genetic
predisposition to sinus infections within our
population.

Understanding cytokine gene polymorphisms may
help explain why some individuals develop chronic
inflammation while others recover quickly. These
genetic markers could also guide diagnostic tools
or serve as targets for future therapies (14, 15). In
this study, we explored the link between IL-6 and
IL-8 gene polymorphisms and serum cytokine
levels in individuals diagnosed with sinus infections
in Al-Diwaniyah, Irag. We used allele-specific PCR
(ARMS-PCR) to detect IL-6 (-174 G/C) and IL-8 (-
-251 A/T) variants and measured serum levels of
cytokines, including IFN-y, IL-10, and IL-1a. Our
goal was to investigate whether these genetic
variations affect immune responses, particularly in
cases involving Staphylococcus aureus, and to
contribute to a better understanding of the
immunogenetic basis of sinusitis.

Our hypothesis suggests that specific single-
nucleotide polymorphisms (SNPs) within the IL-6 (-
174 G/C) and IL-8 (-251 A/T) genes may influence
an individual's susceptibility to sinus infections by
affecting how the host's immune system responds
through cytokine production. We particularly
propose that the IL-6 GG and IL-8 TT genotypes
are associated with a heightened pro-inflammatory
response, which could increase the risk of
developing chronic sinusitis. Conversely, the GC
and AT genotypes might promote a more regulated
immune environment, potentially offering some

degree of protection against persistent
inflammation.

Materials and Methods

Study Design

This study was conducted on 100 clinical

specimens collected from suspected cases of sinus
infections in Al-Diwaniyah Teaching Hospital from
November 2023 to May 2024. The samples
included both nasal swabs and blood that were
processed for different analytical needs. Blood
samples were divided into whole blood and serum
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aliquots for molecular and immunological testing,
respectively. Bacterial pathogens were identified
using microbiological culture methods, with
Staphylococcus aureus constituting the most
frequently isolated organism.

The inclusion criteria for participants encompassed
adults aged between 18 and 60 years who had
been diagnosed with sinusitis based on clinical
evaluation and radiological imaging, with
laboratory confirmation of Staphylococcus aureus
infection. Exclusion criteria were set to omit
individuals who were immunocompromised, had
used antibiotics or corticosteroids within the past
two weeks, or suffered from chronic widespread
inflammatory conditions. The control group
consisted of healthy individuals, matched for age
and sex, with no history of recurrent sinusitis or
chronic respiratory illnesses.

The sample size (48 patients and 48 controls) was
based on logistical feasibility and prior studies with
similar scope, but a formal power calculation was
not performed.

Serum Cytokine Levels Measurement

Serum levels of IFN-y, IL-10, and IL-1a were
measured using an ELISA kit (Elabscience, USA).
The procedures were conducted in strict
accordance with the manufacturer's protocols.
Sandwich ELISA approach was performed, in
which the target cytokine is bound to a capture
antibody pre-coated on a microplate well. Next, a
detection antibody conjugated to an enzyme was
added. The colourimetric reaction was read at 450
nm, and cytokine concentrations were determined.

Molecular Analysis: SNP Detection

DNA Extraction

Genomic DNA was extracted from whole blood
samples using a commercially available DNA
extraction kit (Geneaid, USA), according to the

manufacturer's  protocol.  Spectrophotometric
analysis (Nanodrop) was performed for the
evaluation of the yield and purity of extracted DNA.
IL-6: G allele — 198 bp; C allele — 157 bp; internal
control — 407 bp. IL-8: A allele — 203 bp; T allele —
173 bp; internal control — 319 bp. All genotyped
samples showed clear internal control bands (407
bp for IL-6, 319 bp for IL-8), confirming assay
integrity.

PCR Ampilification of Polymorphic Regions

The Amplification Refractory Mutation System-
Polymerase Chain Reaction (ARMS-PCR) method
was used to genotype selected SNPs located in IL-
6 and IL-8 genes. The amplification process was
performed on a Thermocycler (Bioneer, Korea)
using optimised thermal cycling conditions
mentioned below:

Primer design for SNP detection in IL-6 and IL-8

genes
Primer pairs for the SNP detection in Interleukin-6
(IL-6) and Interleukin-8 (IL-8) genes were

developed from reference sequences identified at
the NCBI GenBank and dbSNP databases. This
study addresses SNPs that are recognised as well-
established immune response markers in sinus
infection patients.

A two-primer approach was used to ensure
differential discrimination of the different alleles.
This included:

Outer primers, which amplify the whole region with
the SNP site. Inner primers for primer binding of
either the wild-type or mutant allele, which allow
AS-PCR (allele-specific PCR).

All primers were designed using Primer3 Plus
software and synthesised from Bioneer (Korea) as
shown in Table 1. Further details regarding
amplicon sizes and PCR conditions are provided in
Tables 2 and 3, respectively.

Table 1: Primer Sequences for IL-6 and IL-8 Amplification

Target Gene Primer Type Sequence (5'-3")
IL-6 Outer F GACTTCAGCTTTACTCTTTGTCAAGACA
Outer R GAATGAGCCTCAGACATCTCCAGTCCTA
Inner F (G allele) GCACTTTTCCCCCTAGTTGTGTCTTCCG
Inner R (C allele) ATTGTGCAATGTGACGTCCTTTAGCTTG
IL-8 Outer F CATGATAGCATCTGTAATTAACTG

Outer R
Inner F (T allele)
Inner R (A allele)

CACAATTTGGTGAATTATCAAA
TGTAATCCCAGCAGTTTGGGAGGT
CTCATCTTTTCATTATGTCAGAG
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Table 2: Amplicon Details and Expected Sizes

Target . Expected Product Size
Gene Allele  Amplicon Type (bp) Notes
IL-6 G ARMS-specific 198 Detected W|_th Inner F (G)
band primer
IL-6 c ARMS-specific 157 Detected W|_th Inner R (C)
band primer
IL-6 — Internal control 407 Present in all IL-6 reactions
IL-8 A ARMS-specific 203 Detected W|_th Inner R (A)
band primer
IL-8 T ARMS-specific 173 Detected W!th Inner F (T)
band primer
IL-8 — Internal control 319 Present in all IL-8 reactions
Table 3: PCR Conditions
Step Temperature Time Cycles
Initial Denaturation 95°C 3 minutes 1
Denaturation 95°C 30 seconds
Annealing 58°C 30 seconds 30 cycles
Extension 72°C 1 minute
Final Extension 72°C 5 minutes 1
Hold 4°C 0

Electrophoresis on Agarose Gels

Two per cent agarose gel electrophoresis was used
to analyse the amplified PCR products. Agarose
gel was prepared by adding 2 grams of agarose
powder to 100 millilitres of 1X TBE (Tris-Borate-
EDTA) buffer and heating until agarose was
completely dissolved. EtBr was added to the gel to
visualise DNA bands under ultraviolet (UV) light
after cooling down a bit. It was then cast in a
casting tray and allowed to solidify. 7 pL of each
PCR product, pre-mixed with 2 yL of loading dye,
was then added to the wells with a micropipette. A
molecular weight DNA ladder was included as a
standard to estimate fragment sizes. Then,
electrophoresis was conducted using a classical
gel electrophoresis chamber at a constant voltage
of 100 volts for around 60 minutes. The gel was
then placed on a UV transilluminator to visualise
DNA bands after the run. Gel images were
recorded with a digital imaging system. These band
patterns were then compared to the DNA ladder to
determine genotypes according to the expected
sizes of the amplified fragments.

Statistical Analysis

Statistical analysis was conducted with SPSS,
V26. The mean serum cytokine levels (like IL-6, IL-
8, IL-10, IL-1, and IFN-y) were compared between
self-reported sinusitis patients and healthy controls
using the Independent Samples T-test. Genotype
and allele frequency distributions of IL-6 and IL-8

polymorphisms in both groups were evaluated
using the Chi-square (x?) test. Furthermore, odds
ratios (ORs) with corresponding 95% confidence
intervals (Cls) were computed to determine the
strength of association between individual
genotypes/alleles and disease susceptibility. P-
values <0.05 were considered statistically
significant, and p < 0.01 was considered highly
significant.

Results

Serum IFN-y, IL-10 and IL-1a levels

The results of Table 4 and Figures 1, 2, and 3
showed that Cytokines such as IFN-y, IL-10, and
IL-1a are important players involved in regulating
the immune response: IFN-y is a pro-inflammatory
mediator that is mainly involved in cellular
immunity. IL-10 is a leading anti-inflammatory
cytokine, and IL-1a signals as an early pro-
inflammatory signal during acute immune
activation. IFN-y mean serum level was
significantly higher in patients compared to controls
(3.17 £ 0.72 pg/ml vs 2.01 £ 0.71 pg/ml). Although
the number of individuals displaying elevated levels
of IFN-y was higher following infection, this
difference did not attain statistical significance (P =
0.257), suggesting that while levels of IFN-y are
likely to increase in the infection setting, they are
unlikely to be a reliable disease marker in this
patient population.
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Table 4: Level of serum IFN-y, IL-10, and IL-1a in patients and controls

Groups IFN-y IL-10 IL-1a
Control 2.01+0.71 0.436%0.09 5.5412.05
Patients 3.1710.72 2.88+0.69 12.99+1.03
Calculated T value 1.147 3.500 3.239

Calculated P value 0.257(NS) 0.002(HS) 0.002(HS)
NS: No significant difference at P<0.05; HS: Highly significant difference at P<0.01

IFN-y

IFN-y level
o 2 N w A

Control Patients

Figure 1: The level of serum IFN-y in patients compared to the control group

IL-10

IL-10

Control Patients

Figure 2: The level of serum IL-10 in patients compared to the control group

IL-1a

IL-1a

Control Patients

Figure 3: The level of serum IL-1a in patients compared to the control group

On the contrary, the levels of IL-10 were Considering the well-established function of IL-10
significantly higher in patients (2.88+0.69 pg/ml) as a key suppressor of excessive immune
than in controls (0.436 + 0.09 pg/ml, P = 0.002). It responses, its elevated levels, particularly in
is likely that the gradual increases observed at Day infections caused by Staphylococcus aureus in this

3 and significantly at Day 7 post-infection follow an study, might, therefore, rather reflect the host's
adaptive inflammatory feedback mechanism to effort to restore immunological homeostasis during
counteract the excess inflammatory response of sustained inflammation. Likewise, IL-1a was
the immune system during the infection. shown to be significantly increased in the patient
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group (12.99 + 1.03 pg/ml) compared to the
controls (5.54 £ 2.05 pg/ml), with a P value of
0.002. These findings reinforce the pivotal role
played by IL-1a as a central pro-inflammatory
cytokine in the innate immune response to the
virulence of an active infection. The elevated level
of IL-1a in patients coincides with acute
inflammation and supports its function in mediating
host-protective  responses against invading
pathogens.

The findings summarised in Table 4 highlight
significant changes in cytokines related to sinusitis.
The lack of statistical significance of IFN-y limits its
diagnostic quality, although the levels of IFN-y
exhibited a trend toward increase. On the other
hand, the major increase of IL-10 and IL-1a levels
shows two complementary arms of the immune
response; IL-10 as a component of the attempt to
limit inflammation, and IL-1a describes the heavy
pro-inflammatory response to infection.

Genotype Distribution of IL-8

Table 5 illustrates the distribution of IL-8 gene
polymorphisms at position -251 (A/T) genotypes
and alleles in sinus infection patients (n=48) and
healthy individuals (n=48). This study primarily
focuses on evaluating the susceptibility or
resistance to sinus infections through genetic
variants at the IL-8 promoter region. Genotype
homozygous AA was revealed in 16.66% of
patients and 8.33% of the control group. Although
the AA genotype was more frequent among

patients, the difference was not statistically
significant (P = 0.217), suggesting that the
association between the AA genotype and

increased susceptibility for this population was not
strong.

Of note, the heterozygous AT genotype was the
most prevalent overall but more frequent in the
control group (91.66%) than in the patient group

(75%). This difference was statistically significant
(P = 0.028), with an odds ratio (OR) of 0.2727 (25).
These findings may indicate a protective effect of
the AT genotype against sinus infection. This
genotype is characterised by the presence of both
alleles, which may indicate a balanced regulatory
mechanism affecting IL-8 expression, leading to a
less intense inflammatory response and an overall
reduced risk of infection. Conversely, the
homozygous TT genotype was detected in 8.33%
of patients and was completely missing among
controls. This difference was statistically significant
(P 0.041), and the calculated odds ratio was
particularly high (OR = 9.8090).

These results suggest that this genotype (TT) in
individuals may be associated with almost a 10-fold
increased susceptibility to sinus infection. This
association depicts the TT genotype as a possible
genetic influence that could potentially predispose
subjects to an overzealous inflammation or
reduced immunity to microbial pathogens. The
allele frequency distributions were the same for
both populations in terms of overall allele
frequencies: the A allele accounted for 54.16% and
the T allele for 45.83%. This finding is further
corroborated by the lack of apparent difference (P
= 1) when considering alleles in isolation and
concerning disease risk. Instead, the haplotypes,
especially TT and AT, dictate modulating
susceptibility to sinusitis.

The data in Table 5 support a very strong
correlation between IL-8-251 genotypes and the
risk of sinusitis. Results indicate that the TT
genotype is associated with significantly increased
disease risk, whereas the AT genotype may confer
some protection. These findings reinforce the idea
that polymorphism within the IL-8 locus plays a
significant role in determining interindividual
variation in  immune responsiveness and
susceptibility to infection.

Table 5: Distribution of IL-8 (-251 A>T) Genotype and Allele Frequencies in Sinusitis Patients and

Controls

Genotype Control N=48 Patients N=48 Calculated Calculated Or Confidence
and allele X? P value interval 95%

mber % number %
Genotype
AA 4 8.33 8 16.66 1.52 0.217(NS) 2.2 0.6152 to 7.8680
AT 44 91.66 36 75 4.8 0.028(S) 0.2727 0.0810 to 0.9185
TT 0 0 4 8.33 417 0.041(S) 9.8090 0.5134 to 187.4077
Allele
A 52 54.16 52 54.16 0 1(NS) 1 0.5668 to 1.7643
T 44 45.83 44 45.83 0 1(NS) 1 0.5668 to 1.7643

NS: No significant difference at P<0.05; S: Significant difference at P<0.05
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Genotype Distribution of IL-6

Table 6 presents a comparative assessment of
genotype and allele distributions of the IL-6 gene
polymorphism (G/C) among patients with sinus
infections and a control group of healthy
individuals, each comprising 48 subjects. The
objective of this analysis is to determine whether
specific IL-6 genetic variants are linked to either an
increased risk of sinus infection or a potential
protective effect. The GG genotype was identified
in a remarkably high proportion of patients (75%),
whereas it was found in only 4.16% of the control
group. This stark difference was statistically highly
significant (P < 0.0001), with an odds ratio (OR) of
69.0, indicating an exceptionally strong association
between the GG genotype and heightened
susceptibility to sinusitis. Carriers of the GG
genotype may exhibit a dysregulated or
exaggerated IL—6—mediated inflammatory
response, thereby increasing their risk of infection.
In contrast, the heterozygous GC genotype
demonstrated a reverse trend, being present in
79.16% of controls but only 20.83% of patients.
This difference also achieved high statistical
significance (P < 0.0001), and the odds ratio was
notably low (OR 0.0693), suggesting that
individuals with the GC genotype are significantly
less likely to develop sinus infections. This
protective effect may be attributed to a more
balanced production or regulation of IL-6,
contributing to a moderated inflammatory response
and enhanced immune control. The CC genotype,
although less common overall, was observed in

16.66% of the control group and only 4.16% of the
patient group. While the statistical significance of
this difference was more modest (P = 0.045), the
odds ratio (OR = 0.2174) still suggests a possible
protective role, albeit weaker than that seen with
the GC genotype.

Allelic analysis further emphasised the strength of
these associations. The G allele was significantly
more prevalent among patients (85.41%)
compared to controls (43.75%), while the C allele
was dominant in the control group (56.25%) but
markedly underrepresented in patients (14.58%).
Both differences were highly significant (P <
0.0001). The odds ratio for the G allele was 7.53,
confirming its status as a strong genetic risk factor
for sinus infections. Conversely, the C allele
exhibited an odds ratio of 0.1328, suggesting a
robust protective effect.

In summary, the findings presented in Table 6
strongly support a genetic association between the
IL-6 G/C polymorphism and susceptibility to
sinusitis. The GG genotype and G allele are linked
to increased disease risk, potentially through
heightened pro-inflammatory activity, while the GC
and CC genotypes, along with the C allele, may
confer a degree of protection. These findings
reinforce the critical role of IL-6 in mediating
immune responses and suggest that IL-6 gene
variants could serve as valuable biomarkers for
predicting individual susceptibility to sinus
infections, particularly those involving
Staphylococcus aureus.

Table :6 Distribution of IL-6 (-174 G>C) Genotype and Allele Frequencies in Sinusitis Patients and

Controls
Genotype Control (N=48_  Patients(N=48) Calculated Calculated OR Confidence interval
and allele X2 P value 95%
number % number %

Genotype

GG 2 4.16 36 75 50.35 <0.0001 69 14.5107 to 328.1016
(HS)

GC 38 79.16 10 20.83 32.66 <0.0001 0.0693 0.0259 to 0.1855
(HS)

CC 8 16.66 2 4.16 4.01 0.045(S) 0.2174 0.0436 to 1.0837

Allele

G 42 43.75 82 85.41 36.43 <0.0001 7.5306 3.7561 to 15.0982
(HS)

C 54 56.25 14 14.58 36.43 <0.0001 0.1328 0.0662 to 0.2662
(HS)

S: Significant difference at P<0.05, HS: Highly significant difference at P<0.01

Relationship between genotype (IL-8) and serum
parameters

The association between the IL-8 gene genotypes
(AA, AT, TT) elevation of three cytokines, including

serum levels of interferon-gamma (IFN-y),
interleukin-10 (IL-10), and interleukin-1 alpha (IL-
1a) in patients with sinus infections was examined
(n=50), Table 7. Here we investigate whether
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genetic variation at the IL-8-251 position modulates
the inflammatory and regulatory cytokine profile in
response to infection. AA genotype showed the
highest mean serum level (3.42 + 0.65 pg/ml) for
IFN-y, which was closely followed by the AT (3.28
+ 0.64 pg/ml). In contrast, patients with the TT
genotype exhibited a significantly decreased level
(1.72£0.90 pg/ml). However, regression analysis
showed no significant differences between the
genotypes (P = 0.693); thus, IL-8 polymorphism
may not be a major determinant of IFN-y
expression in this population.

IL-10, a significant cytokine with anti-inflammatory
functions, was examined and had the highest mean
level in the AA genotype group (3.93 = 1.20 pg/ml).
The TT genotype group was next with a lower level
(3.51 = 1.84 pg/ml), and individuals with the AT
genotype had the lowest concentration (2.58 + 0.56
pg/ml). While this descending trend may suggest
some genotype-related regulation of IL-10,
differences were not statistically significant (P =
0.560), therefore curbing the strength of this
relationship.

For IL-1a, a pro-inflammatory cytokine that plays a
significant role in early immune activation, the high

level was reported in the TT genotype (7.99 + 3.77
pg/ml), while the lower level was found in the AA
group (6.63 = 2.87 pg/ml). Lowest levels in the AT
genotype group (5.03+1.77 pg/ml). The lack of
statistical significance is indicated by the results
below the number (P = 0.812).

Finally, despite none of the observed cytokine
differences being statistically significant, the trends
observed with these cytokines warrant further
investigation as they may prove biologically
relevant. The TT genotype—previously shown to
be associated with increased sinus infection risk—
was also associated with higher IL-1a and
moderate IL-10 levels, which could be indicative of
a strong inflammatory response or, more likely, a
dysregulated inflammatory response. In contrast,
the AT genotype, previously recognised as possibly
protective, was associated with lower levels of IL-
10 and IL-1a at sites of infection, suggesting a
more controlled immune activation. Although not
conclusive, these trends lend support to the
hypothesis that genetic variation in IL-8 may have
relatively modest modulatory effects on immune
responses during sinus infections.

Table 7: Relationship between genotype and serum parameter levels

Genotype lIFN-y IL-10 IL-1a
AA 3.4210.65 3.93+£1.20 6.63+2.87
AT 3.2810.64 2.58+0.56 5.03+1.77
TT 1.72+0.90 3.51+1.84 7.99+£3.77
Calculated F value 0.370 0.587 0.209
Calculated P value 0.693(NS) 0.560(NS) 0.812(NS)

NS: No significant difference at P<0.05

Relationship between genotype (IL-6) and serum
parameters

Genotypic variance of the IL-6 gene about serine
concentrations of three cytokines, IFN-y, IL-10, and
IL-1a, as mentioned in Table 8, in patients
diagnosed with sinus infection. The objective of this
part of the analysis is to look at the effects of IL-6
gene polymorphism on systemic immune
responses, as evidenced by alterations in
circulating levels of cytokines. For IFN-y, persons
with the GC genotype had the highest average
serum levels (5.23 + 1.81 pg/ml), suggesting an
elevated pro-inflammatory immune response.
Patients belonging to the CC genotype group had
moderately increased concentrations of 3.54 + 0.13
pg/ml, while GG genotype patients presented the
lowest concentration of 2.58 + 0.42 pg/ml. P values
indicate no significant differences among
genotypes (P = 0.104), suggesting that there was
no definitive evidence of genotype-dependent

regulation, but that there appeared, at most, to be
a trend.

For IL-10, characterised by anti-inflammatory and
immunosuppressive properties, the CC genotype
group had the highest serum level (5.04 + 0.21
pg/ml). Individuals with the GC genotype had
intermediate levels (3.56 + 1.11 pg/ml), and the
lowest IL-10 concentrations were associated with
the GG genotype (2.57 £ 0.56 pg/ml). Though this
gradation might represent differences in IL-6
genotype-related  immune  regulation, the
difference did not reach statistical significance (P =
0.475). The biggest differences were found in IL-1a
levels, a vital cytokine that plays a role in the start
of an inflammatory response. The average level
was the highest in the patients with the GC
genotype (10.15 £ 5.75 pg/ml), followed by those
with the GG genotype (4.54 + 1.04 pg/ml). In
particular, the IL-1a production level of the
individuals of the CC genotype was considerably
lower (ie, 0.532 £ 0.16 pg/ml). Statistical testing of
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the difference among the groups fell short of
statistical significance (P = 0.225) despite the
substantial numerical differences.

In conclusion, although the differences in cytokine
concentrations did not reach  statistical
significance, the trends have biological relevance.
The GC genotype, which was previously
associated with a protective effect against sinus
infections, showed high levels of IFN-y and IL-1q,
suggesting that there is a strong but regulated
immune response. The CC genotype showed the
highest IL-10 and lowest IL-1a levels, which may
characterise an effective anti-inflammatory control
immune profile. By contrast, the GG genotype,
previously shown in earlier analysis to correlate

with increased susceptibility to infection, was
associated with the lowest levels of IFN-y and IL-
10, and a moderate increase in IL-1a, perhaps
consistent with a dysregulated or inadequate
immune response.

Together, the results were not conclusively
statistically significant, yet they provide patterns
that could be interpreted as if the IL-6 gene
polymorphism role in the cytokine-mediated
immunity responses during the sinus infections.
Additional studies involving larger cohorts are
required to elucidate the functional relevance of
these genetic variants and their role in disease
pathogenesis and immune regulation.

Table 8: Relationship between the type of genotype and serum parameter levels

Genotype IFN-y IL-10 IL-1a
GG 2.58+0.42  2.57+0.56 4.54+1.04
GC 5.23+1.81 3.56+1.11 10.155.75
CcC 3.54+0.13  5.04+0.21  0.532%0.16
Calculated F value 2.38 0.758 1.54
Calculated P value 0.104(NS)  0.475(NS) 0.225(NS)

NS: No significant difference at P<0.05

Genotype And Allies of IL-8

The picture below shows the ARMS-PCR
electrophoretic pattern for the polymorphism
corresponding to the single-nucleotide
polymorphism (SNP) present at position —251 (A/T)
in the promoter region of the IL-8 gene. The assay
was developed using allele-specific primers that
specifically amplified DNA portions corresponding
to the Aor T alleles. This system generates a 203-
base pair (bp) DNA band from successful
amplification of the A allele and a 173 bp band for
amplification of the T allele. All reactions were
validated with a 319 bp internal control band in all
samples to confirm that amplifiable DNA was
present and that PCR conditions were appropriate.
Samples with the AA homozygous genotype show
two separate bands at 203 bp (A allele) and 319 bp
(internal control). Samples that are homozygous for
the T allele (TT) display bands at 173 bp and 319
bp, by contrast. Heterozygous (AT) individuals
show a typical pattern of three bands at 203 bp,173

bp, and 319 bp (well sample 8), indicating the
presence of both alleles and the internal control.
In the image (Figure 4) below from electrophoresis,
the top row shows samples from patients
diagnosed with sinusitis, and the bottom row
shows samples from healthy control individuals.
Indeed, from the analysis of the banding patterns,
which show that the AT genotype is the dominant
genotype of both patients as well as controls. But it
seems to be much more common in the group of
patients. The number of AA genotypes detected
was moderate but was higher in the healthy
individuals, while the TT genotype was rare but
slightly more common in the patient cohort. The
data distribution of genotypes observed in the gel
following the statistical data in this study concludes
that the T allele is more represented in patients
suffering  sinus infections, especially in
heterozygous186. In addition, the high frequency
of the AT genotype in the study participants
mirrored previous reports from similar studies.
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Figure 4: Agarose gel electrophoresis of ARMS-PCR products used to assign genotypes for the IL-
8 (-251 A/T) gene polymorphism is shown in Figure 1

A band at 203 bp indicates the presence of the A
allele, and a band at 173 bp is indicative of the T
allele, while an internal control band at 319 bp
serves as an indicator of successful amplification.
The banding patterns are read whereby AA
homozygous samples have 2 bands at 203 bp and
319 bp, while homozygous TT samples have bands
at 173 bp and 319 bp. Heterozygous genotypes
are defined by all three bands: 203 bp, 173 bp, and
319 bp. The top row of this gel image is from
sinusitis patients, and the bottom row is from
healthy controls. The AT genotype, which
predominates within both classes of samples,
makes up 99% of the total samples. The high
frequency of detected heterozygosity at this SNP
site in the study population explains this
distribution.

Genotype and alleles of IL-6
Figure 5 presents the Agarose gel electrophoresis
separation of allelic variants of IL-6 promoter

polymorphism. The G allele is visualised as a 198
bp band, the C allele as a 157 bp band. Every
reaction contains a 407 bp internal control
fragment to confirm PCR amplification. GG
homozygotes have two bands at 198 bp and 407
bp, while CC homozygotes have bands at 157 bp
and 407 bp. Heterozygous GC specimens showed
the three bands (198 bp, 157 bp, and 407 bp),
demonstrating that both alleles are present.
Samples from sinusitis patients are shown on the
top row, while healthy controls are shown in the
bottom row of this gel image. Patients show a
significantly increased prevalence of the GG
genotype and a decreased prevalence of the GC
genotype, as can be seen by the banding patterns.
In both groups, the CC genotype is relatively rare.
This distribution implies a potential relationship
between the GG genotype and susceptibility to
sinus infections (particularly with Staphylococcus
aureus), supporting the statistical data observed in
this study.

Figure 5: ARMS-PCR products of IL-6 (-174 G/C) gene polymorphism were run on a 3% agarose
gel (Figure 2)

The band corresponding to the G G-specific band
is at 198 bp, the C C-specific band is at 157 bp,
and the internal control is also seen at 407 bp to
ensure successful amplification. These samples

with the GG genotype are detected at 198 bp and
407 bp, whereas CC genotype samples show
bands at 157 bp and 407 bp. GC heterozygous
genotypes are recognised with the presence of all
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three bands (198 bp, 157 bp, and 407 bp). In the
gel above, the patients with sinusitis are on top,
and healthy controls are at the bottom. High
frequency of a: GG at the beginning of the gel and
b: GC genotypes are seen throughout the gel. The
GG genotype seems mostly present in the patient
samples, but the GC genotype is mostly present in
the control samples.

Discussion

Elevated Serum Levels of IFN-y, IL-10, and IL-1a
in Patients and Controls

IFN-y, IL-10, and IL-1a serum levels highlighted
some interesting differences between individuals
who experienced sinus infections and healthy
controls (Table 3). They found that IL-10 and IL-1a
are significantly elevated in the patient group,
emphasising that the immune system has a dual
response to infection, trying to eradicate pathogens
while also reducing tissue injury. IFN-y levels were
elevated in the patients compared with controls,
although this difference was not statistically
significant. Introduction IFN-y is a critical cytokine
that activates cell-mediated immunity involved in
the defence against bacterial infections. Although
the modest HLA accumulation in IFN-y positive
patients could suggest an immune attempt to
activate such mechanisms and could therefore be
related to the opposing outcome of future infection.
The lack of statistical significance indicates that
IFN-y is not necessarily a good candidate for
distinguishing between infected and non-infected
patients in this study. By contrast, IL-10 was
significantly elevated in the patient group. It's
referred to as a cytokine well-known for its anti-
inflammatory effects, which assists in regulating
and downregulating the immune response to
prevent over-inducing tissue damage. The
predominant elevation of IL-10 is probably a sign of
the organism’s attempts to quell STP-related
inflammation (STP: surgical trauma and
postoperative) caused by infection, more
specifically, due to the especially frequent isolation
of Staphylococcus aureus in culture in the study
samples.

Patients also had significantly higher levels of IL-
1a, a potent pro-inflammatory cytokine. This
molecule is usually secreted early in infection and
is important for recruiting immune cells and
inducing systemic responses such as fever. Its high
levels confirm that there is an active inflammatory
process within the patients, which is consistent
with previous studies that have reported elevated
IL-1a  expression in patients with chronic
rhinosinusitis (12, 13). Overall, both IL-10 and IL-
1a are at elevated levels, indicating that the

immune system is addressing both an aggressive
inflammatory response (IL-1a produced) and
activating regulatory mechanisms to minimise
damage (IL-10 present). “This dynamic may reflect
the body’s efforts to contain or resolve persistent or
recurrent infection while balancing inflammation
and control.” These cytokine patterns are then
explored further in the context of genetic
polymorphisms that may alter immune behaviour
during sinus infections in the sections to come.

Association of IL-8 (-251 A/T) Polymorphism with
Sinusitis

Similarly, Table 4 examines the IL-8 genotype
distribution in patients and healthy subjects. The
work points to a significant genetic component to
susceptibility to sinus infection. The AT genotype
was the predominant genotype, but it occurred
more frequently in healthy controls than in
patients. This pattern could indicate a protective
role in which one copy of each allele may be
sufficient to provide balanced levels of IL-8
expression and consequently contribute to better
immune control. The TT genotype was detected
only in the patient group. Although it was present
only in a small number of individuals, its exclusive
association among infected patients, along with a
high odds ratio, indicates that this genotype could
promote sinusitis development. Supernatant for IL-
8 Collection and ELISA: IL-8 is a key mediator in
attracting neutrophils to sites of infection.
However, when IL-8 is released in excess (e.g., in
TT genotype carriers), this may promote persistent
or uncontrolled inflammation, which can damage
the mucosa and lead to chronic symptoms.

The AA genotype was more prevalent in patients
compared to controls, although this difference was
not statistically significant. And if this is not true --
that is, if the survey or analysis has different
sample sizes or other genetic and environmental
factors -- it might show a weaker or more complex
association. Allelic level: No distinct differences
were identified between patients and controls. But
whether specific alleles come together into certain
genotypes appears to be more important than
whether the allele is there. These results
demonstrate that it is gene expression control,
rather than the mere presence of the gene or
genotype (TT versus AT), that shapes the immune
response (14). This is per the results of previous
studies reporting an association between IL-8
promoter polymorphisms and chronic airway
diseases, including asthma and CRS (15, 16, 17,
18, 19). ARMS-PCR genotyping pattern further
supports the study, showing clear bands of the
three genotypes studied (20, 21, 22), with the
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increased prevalence of the AT genotype in the
study population. When all the evidence was
considered together, it suggested that the I1L-8-251
A/T polymorphism might be used to predict how
the immune system responds to infection in the
sinuses. TT genotype individuals are prone to an
excessive inflammatory response, while AT
genotype individuals appear to have a more
appropriate immune response (23, 24, 25, 26).

Association of IL-6 (-174 G/C) Polymorphism with
Sinusitis

Data from Table 5 shows the strong correlation
detected between IL-6 gene variations and
susceptibility to sinus infections. The GG form was
common in patients but rare in controls. This
dramatic discrepancy implies that people with the
GG genotype may have an exaggerated
inflammatory response, raising their susceptibility
to sinusitis. It was previously reported that, in other
studies, the G allele increases the levels of IL-6
expression and increases immune reaction (27,
28). The strong association of the GG genotype
with sinusitis in this study agrees with these
findings. People with this genotype could be
making more IL-6 and/or making it in a less

regulated way, which would upregulate
inflammation, and possibly lead to chronic
symptoms.

Conversely, the GC genotype was detected more
often in healthy controls than in patients. This
suggests a potential protective role in which
carrying both alleles would lead to a more balanced
immune response. Instead of firing off overzealous
inflammation, the GC combination may enable a
sufficient but controlled response to pathogens.
These balanced responses may aid the body in
avoiding tissue damage from excess inflammation,
leading to chronic infection.

CC genotype was less prevalent overall, but more
prevalent in controls than in patients. Although its
protective effect is less clear-cut, this pattern is still
consistent with the notion that the C allele may help
modulate  hyperimmune responses. These
associations were strengthened by allele-level
analysis: the G allele showed greater frequency in
patients, and the C allele was more frequent in
controls. Such trends emphasise the potential of IL-
6 polymorphisms as genetic markers for disease
susceptibility. Statistical trends are corroborated by
visual validation of genotypes with ARMS-PCR.
Patients exhibited GG genotypes more often than
GC and CC, which were more prevalent in controls.
This distribution fits well with the notion that GG is
a risk genotype, while GC/CC are likely protective.

Overall, the IL-6-174 G/C polymorphism appears to
be a potential regulator of mucosal inflammatory
mediators that may affect the risk for developing
sinusitis. In contrast, the GG genotype and G allele
seem to confer a risk promoting excessive
inflammation (versus the GC and CC genotype that
may favour a more controlled immune response).
These findings indicate that genetic variants of IL-
6 may serve as biomarkers to identify patients
more susceptible to chronic/severe sinusitis.

Our observations are consistent with prior research
indicating a link between IL-6 (-174 G/C) and IL-8
(-251 A/T) genetic variations and the risk of
developing chronic rhinosinusitis (CRS) and other
inflammatory conditions of the airway. For
example, investigations by Kuran and colleagues
and Cergan et al. have emphasised that these IL-6
and IL-8 variants influence mucosal inflammation
in CRS cases with nasal polyps (11, 12). Likewise,
Ghasemi and associates identified the IL-8 -251
A/T variant as being connected to immune
imbalances in both oral and airway inflammatory
disorders (13). These similarities reinforce the
significance of these single-nucleotide
polymorphisms (SNPs) in ongoing mucosal
inflammation and emphasise the meaningfulness
of our findings in translational research

Genotype—Cytokine Interactions: Linking Genetic
Variation to Immune Response

While genotype distributions offered insight into
disease susceptibility, Tables 6 and 7 take the
analysis a step further by examining whether IL-8
and IL-6 polymorphisms correlate with cytokine
levels. Although statistical significance was not
achieved, meaningful trends emerged that may
reflect how genetic variation influences immune
behaviour. In IL-8 genotypes, IFN-y levels
appeared highest in individuals with the AA
genotype, slightly lower in AT, and lowest in TT
carriers. This downward trend may suggest that the
TT genotype is linked to reduced Th1 immune
activation. For IL-10, levels were higher in AA and
TT genotypes compared to AT, possibly reflecting
compensatory regulation in genotypes associated
with increased inflammation. Meanwhile, IL-1a
levels were highest in TT individuals, reinforcing
their potential for a more pro-inflammatory profile.
Similarly, for IL-6 genotypes, GC individuals
showed the highest levels of IFN-y and IL-1a, while
GG genotypes showed the lowest IFN-y and IL-10,
but intermediate IL-1a. Interestingly, CC carriers
had the highest IL-10 levels and the lowest IL-1a
levels, suggesting a strongly regulated immune
state with less inflammation. Although these
differences did not meet statistical thresholds, they
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support the biological hypothesis that specific
genotypes contribute to varying immune patterns.
The GG and TT genotypes appear to skew the
immune system toward inflammation, while GC,
CC, and AT may support a more balanced or
regulated response. These trends merit further
investigation in larger cohorts. Overall, these
genotype—cytokine interactions provide a deeper
understanding of how IL-6 and IL-8 genetic
polymorphisms might influence cytokine dynamics
during sinus infections. This insight could prove
valuable in developing targeted interventions or
personalised approaches to managing chronic
sinus inflammation (29).

While several genotype—cytokine associations
identified in our study did not reach statistical
significance, the observed trends, such as the
increased IL-1a levels in individuals carrying the IL-
6 GC genotype, may still carry biological
importance. The GC genotype, which has been
previously associated with a protective effect,
appeared to be linked to a more prominent, yet
potentially regulated, pro-inflammatory response.
This indicates a possible genotype-dependent
modulation of cytokine activity that small sample
sizes may not fully capture. Consequently, these
non-important trends should be interpreted with
caution, but they nonetheless support the
hypothesis that IL-6 and IL-8 gene polymorphisms
can influence immune responses during sinus
infections. Further research involving larger,
adequately powered cohorts is essential to confirm
these findings and to explain their mechanistic
implications.

Although there was a discernible trend toward
increased levels of IFN-y among patients, this did
not achieve statistical significance. This may be
due to the natural variability in IFN-y secretion and
its precise regulation during different phases of
inflammation, whether acute or chronic. Besides,
given our limited sample size and possible
confounders such as individual differences in
immune history, our study might not have had
enough statistical power to identify a true
difference. Nevertheless, the observed pattern
suggests that IFN-y could still be involved in
cellular immune responses during sinus infections,
which makes it a worthwhile subject for future
investigations.

Integration  of  Genotype  Patterns  with
Electrophoresis Findings

The conclusions drawn from Tables 3 to 7 are
further supported by the visual evidence provided
through ARMS-PCR gel electrophoresis. The
banding patterns observed for both IL-6 and IL-8

genotypes validate the statistical findings by
confirming the presence and distribution of each
genotype in the study population. For IL-8, all three
genotypes, AA, AT, and TT, were distinguishable
through their distinct electrophoretic profiles, with
the AT genotype being most prevalent. This visual
clarity not only underscores the reliability of the
genotyping technique but also reinforces the
potential protective effect of the AT genotype.
Similarly, for IL-6, the GG genotype appeared
dominant among patient samples, while GC and
CC genotypes were more common in controls. The
presence of internal control bands in all reactions
further validates the accuracy and robustness of
the ARMS-PCR method used in this study.
Altogether, the combination of genetic,
immunological, and electrophoretic data builds a
cohesive narrative: IL-6 and IL-8 polymorphisms
influence the host immune response to
Staphylococcus aureus-driven sinus infections.
Genotypes associated with higher cytokine
imbalance (GG for IL-6 and TT for IL-8) may
contribute to prolonged inflammation and tissue
damage, while balanced genotypes (GC, CC, and
AT) appear to support immune control and
resolution.

While several genotype—cytokine associations in
this study showed trends toward biological
relevance, such as elevated IL-1a in IL-6 GC
carriers and reduced IFN-y in IL-8 TT carriers,
these differences did not reach statistical
significance. As such, these observations should
be interpreted cautiously. Rather than conclusive
findings, they serve as preliminary indications of
possible immunogenetic patterns that warrant
further investigation in larger, well-powered
studies. This distinction is important to avoid
overinterpretation of results that may reflect sample
variability or insufficient statistical power.

These findings point to a promising future in which
genotyping may help identify individuals at risk of
chronic sinus inflammation, allowing for earlier
interventions  and personalised  treatment
strategies aligned with the principles of precision
medicine. From a clinical standpoint, recognising
IL-6 and IL-8 genetic polymorphisms offers
potential in customising treatments for patients with
chronic or recurring sinusitis. For instance,
individuals with high-risk genotypes like IL-6 GG or
IL-8 TT may benefit from early therapies focused
on immune modulation or targeted biologic agents
that specifically address IL-6 or IL-8-driven
inflammation. As biologic drugs targeting these
cytokines, such as tocilizumab for IL-6, become
more refined, genetic profiling could become an
invaluable tool for patient stratification, allowing
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more personalised and effective management of
persistent airway inflammation

Study limitations

This research does have certain limitations. Firstly,
the sample size was relatively small (n=48 per
group), which could restrict our ability to detect
subtle associations and limit the broader
applicability of the results. Larger, multicentre
studies are needed to confirm these findings. There
is a risk of Type | error due to small sample size
and multiple comparisons. This may also account
for the high OR of 69.0 for the IL-6 GG genotype.
However, due to the exploratory nature of the study
and the limited number of comparisons, we did not
apply Bonferroni correction. Likewise, due to the
relatively small sample size, multivariate analysis
was not performed in this study. However, age and
sex were matched between groups to reduce
confounding. Future studies must apply Bonferroni
correction methods and multivariate modelling
when using larger datasets. Although we explored
linkages between specific SNPs and cytokine
concentrations, we did not conduct functional
validation experiments, such as luciferase reporter
assays, to directly demonstrate how the IL-6 and
IL-8 promoter variants influence gene expression.
Incorporating such analyses in subsequent work
would deepen our understanding of the
mechanisms involved and help establish causality.

Conclusion

These findings emphasise the role of IL6 and IL8
polymorphisms in the pathogenesis of sinus
infections. The pro-inflammatory alleles (P =
0.0192) phenotype that produced IL-6 (GG) and IL-
8 (TT) genotypes was associated with higher risk,
while GC and AT genotypes were associated with
alternative immune responses or protection.
Additionally, the presence of higher levels of IL-1a
and IL-10 in patient samples highlights the complex
interplay between inflammatory and regulatory
pathways activated during infection. The
conclusions are further bolstered by a clear
electrophoretic representation and the pooling of
molecular, immunological, and genotyping data
into this single study. These results imply that
genotyping IL-6 and IL-8 in combination with
cytokine profiling may provide new tools for
identifying subjects with a higher risk of developing
chronic sinusitis and allow us to target more
specific and immunomodulatory therapy.
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