IM_]M Special Issue, Volume 25 No 2 (2020)

Exploring The Relationship between FOXP3" Regulatory
T Cells, Eosinophilia, and Disease Severity in Chronic
Rhinosinusitis with Nasal Polyps

Gokulakannan G?, Che Jalil NAP, Kadir R¢, Ramli RR?, Abdullah B2, Mohamad
Yunus ATP, Mohemed Ali N°, Saroni MF2, Md Shukri N®*

2Department of Otorhinolaryngology-Head and Neck Surgery, School of Medical Sciences, Universiti Sains Malaysia Health
Campus, Kelantan, Malaysia.
®Department of Pathology, School of Medical Sciences, Universiti Sains Malaysia Health Campus, Kelantan, Malaysia.
°Department of Immunology, School of Medical Sciences, Universiti Sains Malaysia Health Campus, Kelantan, Malaysia.

*Corresponding Author: Norasnieda Md Shukri
Department of Otorhinolaryngology - Head and Neck Surgery, School of Medical Sciences, Universiti Sains Malaysia
Health Campus, Kelantan, Malaysia.
Email: asnieda@usm.my

ABSTRACT

INTRODUCTION: Chronic Rhinosinusitis (CRS) is a common condition causing a significant worldwide burden,
affecting 5%-12% of the general population. The immunoregulatory mechanisms underlying eosinophilic and non-
eosinophilic CRS with polyps (CRSwNP) remain incompletely understood, particularly with respect to regulatory T
cells, FOXP3*. MATERIALS AND METHODS: Using immunohistochemistry, nasal polyp tissues from eosinophilic
(ECRS) and non-eosinophilic (NECRS) CRSwNP patients were examined for FOXP3" Treg expression, and
symptoms and disease severity measures were obtained, including on quality of life. RESULTS: Comparative analysis
along with clinical severity assessment did not demonstrate significant differences between eosinophilic and non-
eosinophilic CRSWNP in FOXP3" score (5.14 vs. 4.81, p=0.453), nasal polyp score (p=0.315), SNOT-22 (p=0.510),
SST (p=0.295), or VAS (p=0.182), with small to medium effect sizes (Cohen’s d=0.25-0.50). Correlation analysis
revealed no significant associations between FOXP3" expression and clinical parameters, although SST showed a
weak inverse association (o= —0.335, p=0.070). Significant correlations were observed between VAS and SNOT-22
(o= —0.549, p=0.0017) and between SNOT-22 and SST (o= —0.470, p=0.0088), indicating consistency between
subjective and objective measures. CONCLUSION: These findings suggest that FOXP3* regulatory T cell infiltration
alone may not distinguish CRSwNP endotypes, underscoring the complexity of immune regulation beyond
eosinophilic status. Larger, functionally focused studies are required to further elucidate the role of Tregs in CRSwNP.
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INTRODUCTION
Chronic rhinosinusitis (CRS), a prevalent illness, is thought to hinder day-to-day function more severely
than angina, congestive heart failure, and chronic obstructive pulmonary disease, which are considered to

be less detrimental to quality of life.!

In CRS, phenotypes are distinguished as those without polyps (CRSsNP) and those with polyps (CRSwNP);
however, regardless of the presence of polyps, both types of CRS can be either eosinophilic or non-
eosinophilic, making this classification insufficient to adequately capture the disease's complex
pathophysiology. Therefore, instead of focusing solely on the presence or absence of polyps, CRSwNP is
now more frequently classified into eosinophilic and non-eosinophilic subtypes. Eosinophilic inflammation

is considered a major pathologic hallmark of CRS.

Eosinophilic CRS (ECRS) and non-eosinophilic CRS (NECRS) were characterized by the degree of tissue

eosinophilia. More severe symptoms and decreased surgical treatment efficacy are commonly linked to
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ECRS.23 Therefore, this patient group has been the focus of efforts to apply biological therapy, such as
monoclonal antibodies. Although the threshold for tissue eosinophilia varies by country, Western
nations typically use a threshold of at least 10 eosinophils per visual field.* Eosinophil infiltration in nasal
polyps is prominent in the majority of CRSwNP patients in the Western population with Th2 cytokine
dominance.5 On the other hand, East Asian nations have been found to have higher levels of CRSwNP
heterogeneity. For instance, it has been found that a Th17/Thl-dominant, neutrophilic inflammatory
pattern is present in a greater number of Hast Asian CRSwNP patients.6-8

The balance between Th1 and Th2 is controlled by T regulatory (Treg) cells.” Recent studies indicate that
Treg cells play a crucial role in the expression and regulation of T-cell subtypes in CRSwNP, both in Asian
and Caucasian populations.!® Tregs (FOXP3") play a vital role in regulating chronic airway inflammation;
Forkhead box P3 (FOXP3), a master transcription factor, is crucial for the development, survival, and
function of Treg cells;'-12 however, their role in CRSWNP subtypes remains incompletely understood.
Studies indicate notable differences between ECRS and NECRS in the patterns of immune cell infiltration
within the tissue microenvironment.’ Despite increasing evidence on immune heterogeneity in CRSwNP,
few studies have directly compared FOXP3* regulatory T cell expression between eosinophilic and
non-eosinophilic CRSwNP, particularly in Asian populations.’> Moreover, the relationship between
FOXP3" Treg infiltration and clinical symptom severity remains pootly understood. This gap limits a
comprehensive understanding of immune regulation across CRSwWNP endotypes. Therefore, the aims of
this study were to 1) evaluate tissue eosinophilia in nasal polyps of CRSwNP patients, 2) compare the
FOXP3" expression between ECRS and NECRS groups, and 3) analyse correlations between tissue

immunopathology (eosinophilia, FOXP3* Tregs) and clinical severity scores.

MATERIALS AND METHODS

Overall Design

This cross-sectional observational study was conducted following approval from the Human Research
Ethics Committee of Universiti Sains Malaysia (JEPeM Code: USM/JEPeM/KIK/23010133).

Study Participants
Patients aged 18 and above who had been diagnosed with CRSwINP in accordance with EPOS guidelines!3,

based on their medical history and confirmed by sinus CT and nasal endoscopy, were included in the trial

group.

This study included 30 patients who underwent endoscopic surgery between April 2021 and January
2024 at the Department of Otorhinolaryngology, Head and Neck Surgery, Hospital Pakar Universiti Sains
Malaysia (HPUSM). This was a single-centre, preliminary study. Written informed consent was obtained

from all participants prior to enrolment.

Exclusion criteria for the cases included immunodeficiency, pregnancy, coagulation disorders, eosinophilic
granulomatosis with polyangiitis (Churg—Strauss syndrome), or cystic fibrosis. Patients with a history of
systemic (oral) corticosteroid use within four weeks prior to surgery were also excluded. For this study,
participants with CRS were required to undergo a corticosteroid wash-out period prior to sample collection.

Systemic corticosteroids were discontinued for at least four weeks, while intranasal corticosteroids were
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withheld for a minimum of two weeks before enrolment. This wash-out period was implemented to
minimise steroid-induced immunomodulation, particulatly its effects on regulatory T-cell activity and
downstream cytokine expression, including interleukin-35 (IL-35). Although IL.-35 has a short circulating
half-life, corticosteroids exert prolonged effects on immune regulation. They promote regulatory T-cell
expansion and suppress type 2 and Th17 inflaimmatory pathways. Thus, a wash-out period based on
immune recovery rather than cytokine clearance was considered necessary. The selected duration aligns
with prior CRS immunology studies assessing cytokine profiles and regulatory immune responses Clinical
Assessment: Symptom severity was assessed using validated questionnaires. The Sino-Nasal Outcome
Test-22 (SNOT-22) was used to evaluate sinonasal symptom burden and quality of life, with scores ranging
from 0 to 110, where higher scores indicate worse quality of life!4 and Visual Analog Scale (VAS) was used
to asses for primary symptoms (nasal obstruction, thinorrhoea, facial pain/pressure, and diminished sense
of smell) with scores range from 0 (not troublesome) to 10 (worst imaginable).!> The endoscopic evaluation
grades the presence of nasal polyps, ranging from 0 to 4, with higher scores indicating larger polyp burden.’¢
The Sniffin’ Sticks test is used to evaluate olfaction level (TDI): T: Threshold, D: Discrimination, I:
Identification (Total Score: 0-48).17

Tissue Collection and Immunohistochemistry

The sinus mucosa tissue samples used in this study were collected during surgery under general anaesthesia
from the osteomeatal complex region (specifically the uncinate process). This area is consistently affected
by inflammatory changes in CRS nasal polyps. It is easily accessible during endoscopic sinus surgery, making

it a commonly selected site for inflammatory assessment in CRS studies.

Haematoxylin and eosin (H&E) staining was performed as the standard method for histopathological
evaluation. The number of eosinophils was measured by light microscopy (original magnification, 400X,
averaged over five high-power fields) independently by two authors who were blinded to the clinical data.
Eosinophil counts were used to classify patients into two groups: Eosinophilic CRSwNP (ECRS;=10
cosinophils per high-power field) and Non-cosinophilic CRSwWNP (NECRS;<10 eosinophils per high-
power field).

Formalin-fixed paraffin-embedded (FFPE) tissue blocks were sectioned at a thickness of 2-4 um and
mounted on salinized glass slides. After deparaffinizing the sections, they were exposed to EnVision Flex

Target Retrieval Solution (High pH 9.0) and antigen retrieval utilizing the Dako PT Link module for 20
minutes at 97°C. After antigen retrieval, the slides were treated for one hour at room temperature with a
1:500 dilution of an anti-FOXP3 monoclonal antibody (Abcam, clone 236A/E7). This antibody dilution
was selected based on prior optimization to ensure specific nuclear staining with minimal background.
Following the primary antibody incubation, the sections were rinsed for five minutes in distilled water and
then for five minutes in Tris-buffered saline (TBS). For five minutes, the EnVision Flex Peroxidase
Blocking reagent was used to stop endogenous peroxidase activity. After that, the slides were left at room
temperature for 20 minutes to incubate with the secondary antibody solution. After washing in tap water
and rinsing in distilled water for five minutes, immunoreactivity was detected using 0.05%
diaminobenzidine (DAB) as the chromogen. The sections were then counterstained with haematoxylin,

mounted with coverslips using a mounting solution, and examined under a light microscope.
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Eosinophil counting and FOXP3* scoring

Using H&E-stained sections, two authors independently and blindly counted the number of infiltrating
eosinophil cells in five randomly selected fields under light microscopy at high magnification (400x) to
assess the extent of eosinophil infiltration in the tissues. A semi-quantitative combined scoring approach,
as outlined in previous studies, was employed to determine FOXP3* Treg expression [18]. The staining
intensity and the proportion of positively stained cells were evaluated after the complete tissue section was
viewed at both low and high magnifications. Staining intensity was graded 0 (no staining), 1(weak staining),
2 (moderate staining), and 3 (significant staining). The proportion of positive cells was scored 0 (no positive
cells), 1 (1-5%), 2 (6-25%), 3 (26-50%), 4 (51-75%), and 5 (76-100%) positive cells. The intensity and
percentage ratings were added up to determine the final combined score, which ranged from 0 to 8. Higher

overall scores indicated a greater expression of FOXP3* regulatory T cell expression within the tissue.

Data Analysis

All statistical analyses were performed using GraphPad Prism 10.5.0 (GraphPad Software, San Diego, CA,
USA). To assess differences in clinical symptom scores and compare FOXP3" Treg cell expression between
groups with eosinophilic chronic rhinosinusitis (ECRS) and those with non-eosinophilic chronic
rhinosinusitis (INECRS), an unpaired t-test was used for between-group comparisons. Data were assessed
for approximate normality prior to parametric testing. Spearman’s rank correlation analyses were performed
to determine associations between FOXP3* regulatory T cell expression and clinical severity measures,
given the semi-quantitative nature of immunohistochemical scoring and the modest sample size. Effect
sizes were calculated using Cohen’s d to quantify the magnitude of between-group differences. Statistical

significance was defined as a p-value <0.05.

RESULTS

Demographics and Clinical Characteristics of the Patients

A total of 30 CRSwNP patients were enrolled in this study, consisting of 15 patients with eosinophilic
chronic rhinosinusitis (ECRS) and 15 patients with non-eosinophilic chronic rhinosinusitis (NECRS).
The demographic and clinical characteristics of the participants are detailed in Table I.

Table I: Demographic analysis and its results

Variable ECRS (n=15) NECRS (n=15) p-value
Age, years (mean * SD) 50.1 £15.0 53.7%1 154 0.514 (t-test)
. 0, . 0,
Gender, 04) o 6 (H000) el 4 60 009 Chisqusng
Age group (years) ECRS (n=15) NECRS (n=15)
<30 2 (13.3%) 1 (6.7%)
30-49 3 (20.0%) 4 (26.7%)
50-69 8 (53.3%) 8 (53.3%)
270 2 (13.3%) 2 (13.3%)

Comparative statistical analysis between ECRS and NECRS

Comparative statistical analysis was performed using an independent t-test in GraphPad Prism 10.5.0 to
assess differences in clinical, histopathological, and immunohistochemical parameters between eosinophilic
chronic rhinosinusitis (ECRS) and non-eosinophilic chronic rhinosinusitis (NECRS). The summary of the
mean values, p-values, and effect sizes is presented in Table II, and the comparative bar graphs are
illustrated in Figure 1. With a mean FOXP3* score of 5.14 in the ECRS group and 4.81 in the NECRS

IMJM Special Issue
Volume 25 No. 2 (2026) 96 ICMHS 2025



IM_]M Special Issue, Volume 25 No 2 (2020)

group (p=0.453, Fig. 1(A), Cohen's d=0.28), indicating a small effect size. These findings were supported
by representative immunohistochemical staining patterns of FOXP3* regulatory T cells in ECRS and
NECRS tissues (Figures 2 & 3).

Similarly, there was no significant difference (p=0.313, Fig. 1(B), d=0.27, modest impact) in the nasal polyp
(NP) score between ECRS (mean 1.67) and NECRS (mean 1.93). SNOT-22 scores, which measure the
burden of sinonasal symptoms, were somewhat higher in ECRS (31.73) than in NECRS (27.87), but the
difference was not statistically significant (p=0.510, Fig. 1(C), d=0.25, minor impact).

Sniffin' Sticks Test (SST) scotes, which measure olfactory function, were higher in NECRS (28.17) than in
ECRS (24.53). Although this difference was not statistically significant (p=0.295, Fig. 1(D), d=0.39,
indicating a small to moderate effect). The Visual Analogue Scale (VAS) score, which measures overall
symptom severity, was higher in ECRS (mean 5.47) than in NECRS (mean 3.87), with a moderate effect
size (d=0.50) and a p-value of 0.182 (Fig. 1E).

Table II: Unpaired t-test results for ECRS vs NECRS

Parameter ECRS Mean  NECRS Mean p-value Cohen’s d Effect Size Interpretation
FOXP3 5.14 481 0.453 0.28 Small effect
score
NP score 1.67 1.93 0.315 0.37 Small effect
SNOT-22 31.73 27.87 0.51 0.25 Small effect
SST 24.53 28.17 0.295 0.39 Small-moderate effect
VAS 5.47 3.87 0.182 0.5 Medium effect
FOXP3+ score NP Score SNOT SST Score VAS Score
81 P=04534 P =0.3150 P =0.5007 50+ _ P=0.1823
P =0.2950 10
" 504 1
40
61 o 40- ¥
2 g * g 5 30 g 6
= o -1 -
2 ¢ 3 & 8 3
o = I’
= 20- 20 4
5 z 4 6 20 2 g
P 104 10+ 2
0 0 0- 0 0
SR & s o )
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& & ‘ga" ‘{z'f & & & & &£ £
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Figure 1: Comparative analysis of clinical, histopathological, and immunohistochemical parameters between eosinophilic
(ECRS) and non-eosinophilic (NECRS) chronic rhinosinusitis with nasal polyps. Bar graphs represent mean * standard
deviation (SD) of (A) FOXP3" score, (B) nasal polyp (NP) score, (C) SNOT-22 score, (D) Sniffin’ Sticks Test (SST) score, and
(E) Visual Analogue Scale (VAS) score. Statistical comparison between ECRS and NECRS groups was performed using an
unpaired t-test in GraphPad Prism 10.5.0. No statistically significant differences were observed for any of the measured
parameters (p>0.05). Error bars indicate SD.

Correlation analysis of clinical and immunohistochemical findings

Spearman correlation analysis was performed to evaluate the relationships among key clinical and
immunological parameters listed in Table 111, as illustrated in the correlation graph in Figure 4. The Visual
Analog Scale (VAS) and Sinonasal Outcome Test-22 (SNOT-22) scores showed a strong negative
connection (p= -0.55, p =0.0017), suggesting that worse quality-of-life outcomes were associated with

higher symptom load. Similarly, a strong negative association was found (o= -0.47, p=0.0088) between
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SNOT-22 and Sniffin' Sticks Test (SST) scores, indicating that higher subjective symptom scores were

associated with greater olfactory impairment as measured clinically.

A borderline negative correlation was identified between FOXP3" expression and SST (o= -0.34, p=0.07),
reflecting a possible trend in which reduced olfactory performance is associated with higher FOXP3* cell

infiltration, particularly in NECRS. However, this association did not reach statistical significance.

a7
-

) (B)
Figure 2: (A) Immunohistochemical analysis of a ECRS nasal polyps tissue T-cells stained with monoclonal anti-FOXP3 antibody,
Abcam [236A/E7] using 1:500 dilution under x100 magnification. (B) Immunohistochemical NECRS nasal polyps tissue labelling
T-cells stained with monoclonal anti-FOXP3 antibody, Abcam [236A/E7] using 1:500 dilution under x400 magnification.
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Figure 3: (A) Immunohistochemical analysis of a NECRS nasal polyps tissue Ttissue T-cells stained with monoclonal anti-FOXP3
antibody, Abcam [236A/E7] using 1:500 dilution under x100 magnification. (B) Immunohistochemical NECRS nasal polyps tissue labelling
T-cells stained with monoclonal anti-FOXP3 antibody, Abcam [236A/E7] using 1:500 dilution under x400 magnification.

Table III: Correlation analysis of immunological and clinical parameters

Pair Spearman @ p-value
FOXP3* vs NP Score 0.211 0.264
FOXP3* vs VAS -0.088 0.644
FOXP3* vs SNOT22 0.174 0.358
FOXP3* vs SST -0.335 0.070
NP Score vs VAS 0.180 0.342
NP Score vs SNOT22 -0.081 0.670
NP Score vs SST -0.147 0.440
VAS vs SNOT22 -0.549 0.0017
VAS vs SST -0.252 0.179
SNOT22 vs SST -0.470 0.0088
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Figure 4: This heat map illustrates a significant correlation among various parameters: VAS vs SNOT22 (o= -0.55, p=0.0017)
and SNOT22 vs SST (p= -0.47, p=0.0088). Bordetline correlation: FOXP3" vs SST (o= -0.34, p=0.07) — trend, but not
significant. All other correlations are weak and not significant.

DISCUSSION

The age and gender distribution of the eosinophilic (ECRS) and non-eosinophilic (NECRS) chronic
rhinosinusitis groups in the current study were similar, and no statistically significant differences were
found. In line with the recognised peak occurrence of CRS in this age range, the majority of patients in
both groups were middle-aged to older adults (50—69 years).!® The predominance of male patients in both
groups is consistent with previous epidemiological reports indicating a higher prevalence of CRS,
particulatly the non-eosinophilic subtype, among men."” The demographic comparability between groups
strengthens the internal validity of this study and minimises potential confounding effects on

immunological and clinical comparisons.

This study demonstrated no statistically significant differences in FOXP3* expression, nasal polyp (NP)
scotes, or clinical indices, such as the SNOT-22, VAS, and olfactory function (as measured by the SST),
between eosinophilic chronic rhinosinusitis (ECRS) and non-eosinophilic chronic rhinosinusitis (INECRS).
The ECRS group had a slightly higher mean FOXP3" score (5.14) than the NECRS group (4.81 this
difference did not reach statistical significance (p=0.453, Cohen's d=0.28). These findings suggest that
FOXP3" Tregs are present across CRSwNP endotypes, regardless of cosinophilic status, and that

quantitative differences alone may not be sufficient to explain disease heterogeneity.

Previous studies have established that Tregs play a crucial role in maintaining mucosal immune tolerance
and that their dysregulation exacerbates chronic inflammation in CRS. Persistent exposure to type 2
cytokines may affect the function of FOXP3" Tregs;!? however, the present findings indicate that their

tissue abundance is not necessarily reduced in eosinophilic CRS.

Importantly, the functional capacity of FOXP3* T regs may be more relevant than their numerical presence.
In ECRS, long-term exposure to IL-5, IL-13, and I1.-33 may inhibit Treg-mediated regulation or alter their
cytokine secretion profile, thereby limiting their anti-inflammatory effects. 22! Conversely, in NECRS,
Th1- and Thl7-associated cytokines such as IFN-y and IL-17A may destabilize FOXP3 expression,

reducing suppressive capacity or promoting phenotypic plasticity toward pro-inflammatory states.?? Thus,
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the absence of significant quantitative differences in FOXP3* Cells between ECRS and NECRS likely

reflects functional heterogeneity rather than immunological equivalence.

In terms of clinical outcomes, there were no discernible differences between the groups, although ECRS
had slightly higher SNOT-22 and VAS ratings. This pattern is consistent with research, which has found
that although individual variability can mask statistical significance in moderate-sized cohorts, eosinophilic
inflammation is frequently associated with more severe symptoms and mucosal remodelling.?3>* These
findings underscore the multifactorial nature of symptom expression in CRS, where immunological patterns

do not always directly translate into clinical severity.

The correlation analysis provides further insight into the clinical and immunological interactions. Increased
symptom burden is associated with lower olfactory performance and a lower quality of life, according to
the substantial negative correlations between VAS and SNOT-22 (o= —0.55, p=0.0017) and between
SNOT-22 and SST (o= —0.47, p= 0.0088). The significance of SNOT-22 and VAS as supplemental clinical
instruments is confirmed by these associations, which are well-documented in CRS literature.!82> These
associations reinforce the complementary value of subjective and objective clinical assessment tools in

CRS evaluation.

A borderline negative correlation (o= —0.34, p=0.07) between FOXP3" expression and SST suggests a
potential trend in which increased FOXP3* infiltration is associated with decreased olfactory function.
Although not statistically significant, this observation may reflect compensatory accumulation of regulatory
T cells in regions of heightened inflammation.?¢ Such accumulation may coexist with epithelial damage,
neuronal loss, and impaired mucosal regeneration, ultimately contributing to olfactory dysfunction.?’ Larger

studies are required to clarify whether this trend represents a biologically meaningful relationship.

Opverall, these results highlight that the CRS pathophysiology extends beyond a simple dichotomy of
cosinophilic versus non-eosinophilic inflammation, but rather a complex interplay between regulatory and
effector immune pathways. Molecular endotyping of CRS reveals several overlapping inflammatory profiles
that are not strictly phenotype-dependent, as noted.?® Therefore, future studies integrating FOXP3*
expression with functional assays and multiplex cytokine analyses including IL.-10, IL-35, and TGF-$ may

provide deeper insights into the immunoregulatory mechanisms underlying CRS.

This study has several limitations. The relatively small sample size may have limited the statistical power to
detect subtle differences between CRS subtypes. Additionally, FOXP3" expression was assessed using
immunohistochemical scoring, which reflects cellular presence but does not directly measure functional
suppressive activity. The cross-sectional design also precludes causal inference. Future studies incorporating
larger cohorts and functional immunological assays are warranted to further clarify the role of regulatory

T cells in CRS endotypes.

CONCLUSION

Previous studies determining the variability in tissue infiltration by immune cells have reported
heterogeneous findings. The present study contributes to the growing body of evidence by examining
FOXP3" regulatory T-cell expression and its clinical correlations across eosinophilic and non-eosinophilic

CRSwNP endotypes. Although no statistically significant differences were observed in FOXP3" expression
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or clinical severity scores between ECRS and NECRS, the observed trends underscore the complexity of

immune regulation in CRS.

These findings suggest that CRS pathophysiology cannot be explained solely by eosinophilic status and
likely reflects overlapping and dynamic immunoregulatory mechanisms involving both regulatory and
effector immune pathways. Notably, the absence of significant quantitative differences highlights the

potential relevance of functional immune modulation rather than immune cell abundance alone.

Future studies with larger cohorts and integrated functional and molecular analyses are warranted to
elucidate endotype-specific immunoregulatory mechanisms further and to support the development of

targeted therapeutic strategies for CRS.

FUNDING

The writing and research to produce this manuscript were funded by the Ministry of Higher
Education Malaysia under the Fundamental Research Grant Scheme (Project code:
FRGS/1/2022/SKK06/USM/02/5)

CONFLICT OF INTEREST
The authors declare that the research was conducted without any commercial or financial relationships that

could be construed as a potential conflict of interest.

INSTITUTIONAL REVIEW BOARD (ETHIC COMMITTEE)
This cross-sectional observational study was approved by the Human Research Ethics Committee of

Universiti Sains Malaysia (JEPeM Code: USM/JEPeM /KK /23010133) before the study. Written informed
consent was obtained from all participants prior to inclusion in the study. Participants were informed

about the study objectives, procedures, and their right to withdraw at any time without penalty.

CONSENT FOR PUBLICATION
Written informed consent for publication of the clinical data and findings was obtained from all participants

included in this study.

AUTHOR’S CONTRIBUTION

Conceptualisation: NMS, GG, Supervision: NMS, NACJ. Data curation: GG, NMS, FSM. Formal analysis:
GG, NACJ, RK. Funding acquisition: NMS. Methodology: GG, NMS, ATMY. Project administration:
NMS, GG, RRR. Visualisation: GG, NMS, NMA. Writing - original draft: GG, NMS. Writing - review &
editing: NMS, GG, BA.

ACKNOWLEDGMENTS
We would like to thank the Ministry of Higher Education for the research grant provided
(FRGS/1/2022/SKKO06/USM/02/5) and thank the staff members of the Pathology Laboratory Unit at

Hospital Pakar Universiti Sains Malaysia for their assistance.

REFERENCES

IMJM Special Issue
Volume 25 No. 2 (2026) 101 ICMHS 2025



IM_]M Special Issue, Volume 25 No 2 (2020)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Czerny MS, Namin A, Gratton MA, Antisdel JL.. Histopathological and clinical analysis of chronic
thinosinusitis by subtype. It Forum Allergy Rhinol. 2014;4(6):463-469. doi:10.1002/ALR.21304
Bassiouni A, Ou J, Rajiv S, et al. Subepithelial inflammatory load and basement membrane
thickening in refractory chronic rhinosinusitis with nasal polyposis: a histopathological study. Iz
Forum Allergy Rhbinol. 2016;6(3):248-255. doi:10.1002/ALR.21661

Soler ZM, Sauer DA, Mace |, Smith TL. Relationship between clinical measures and
histopathologic findings in chronic rhinosinusitis. Otolarynge! Head Neck Surg. 2009;141(4):454-461.
doi:10.1016/].OTOHNS.2009.06.085

Czerwaty K, Piszczatowska K, Szczepanski MJ, et al. Differential Immune Cell Infiltration in
Eosinophilic and Non-Eosinophilic CRS: Correlations With Clinical, Endoscopic, and
Radiological Findings. Int Forum Allergy Rhbinol. 2025;15(8):779-787. doi:10.1002/ALR.23563

Baba S, Kagoya R, Kondo K, et al. T-cell phenotypes in chronic rhinosinusitis with nasal polyps in
Japanese patients. Allergy, Asthma Clin Inmunol. 2015;11(1). doi:10.1186/S13223-015-0100-2,
Ishitoya J, Sakuma Y, Tsukuda M. Eosinophilic chronic rhinosinusitis in Japan. ~A/ergo/ Int.
2010;59(3):239-245. doi:10.2332/allergolint. 10-RAI-0231

Ramli RR, Mohamad I, Al-Hadeethi YH. Prevalence of Eosinophilic/Non Eosinophillic Nasal
Polyps and Analysis of Their Presentation in Hospital Universiti Sains Malaysia Kelantan,
Malaysia. IITUM Med | Malaysia. 2017;16(2):89-92. doi:10.31436/IMJM.V1612.332

Jareonchanri P, Bunnas C, Mutngsomboon S, et al. Clinical and Histopathological Classification of
Nasal Polyps in Thais. Sériraj Med ]. 2002;54(11):689-697. Accessed October 14, 2025.

https:/ /he02.tci-thaijo.org/index.php/sitirajmed;j/article/ view /245323

Akdis M, Blaser K, Akdis CA. T regulatory cells in allergy: Novel concepts in the pathogenesis,
prevention, and treatment of allergic diseases. | Alergy Clin Immunol. 2005;116(5):961-968.
doi:10.1016/j.jaci.2005.09.004

Characterizing T-cell phenotypes in nasal polyposis in Chinese patients - PubMed. Accessed
October 13, 2025. https:/ /pubmed.ncbi.nlm.nih.gov/19639723/

Noval Rivas M, Chatila TA. Regulatory T cells in Allergic Diseases. | Allergy Clin Inmunol.
2016;138(3):639. doi:10.1016/].JACIL.2016.06.003

Moon S, Rha MS. Revisiting T' Cells in Chronic Rhinosinusitis. .A/ergy Asthma Immunol Res.
2024;16(6):585-600. doi:10.4168/AAIR.2024.16.6.585

Yang SK, Kim JW, Won T Bin, et al. Differences in Clinical and Immunological Characteristics
According to the Various Criteria for Tissue Eosinophilia in Chronic Rhinosinusitis With Nasal
Polyps. Clin Exp Otorhinolaryngol. 2023;16(4):359. doi:10.21053/CEO.2023.00542

Hopkins C, Gillett S, Slack R, Lund V], Browne JP. Psychometric validity of the 22-item Sinonasal
Outcome Test. Clin Otolaryngol. 2009;34(5):447-454. doi:10.1111/].1749-4486.2009.01995.X
Machado ADS, Sousa F, Silva A, Meireles L. Visual Analog Scale and Olfactory Objective Tests in
Hyposmia Patients: Is There a Link? Curens. 2023;15(2):¢34712. doi:10.7759/CUREUS.34712
Fda, Cder. Chronic Rhinosinusitis With Nasal Polyps: Developing Drugs for Treatment Guidance
for Industry. 2023;(June). https://www.fda.gov/drugs/guidance-compliance-regulatory-
information/guidances-drugsand/or

Husain S, Hamid IA, Zahedi FD, Wan Hamizan AK. Malaysian Version of the Sniffin’ Sticks
Identification Smell Test: Cutoff Points of Hyposmia. ORL. 2022;84(5):355-360.
doi:10.1159/000521488

Fokkens WJ, Lund V], Hopkins C, et al. European Position Paper on Rhinosinusitis and Nasal

IMJM Special Issue
Volume 25 No. 2 (2026) 102 ICMHS 2025



IM_]M Special Issue, Volume 25 No 2 (2020)

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Polyps 2020. Rhinology. 2020;58(Suppl S$29):1-464. doi:10.4193/RHIN20.600

Wang W, Gao Y, Zhu Z, et al. Changes in the clinical and histological characteristics of Chinese
chronic rhinosinusitis with nasal polyps over 11 years. Int Forum Allergy Rhbinol. 2019;9(2):149-157.
doi:10.1002/ALR.22234,

Van Bruaene N, Pérez-Novo CA, Basinski TM, et al. T-cell regulation in chronic paranasal sinus
disease. | Allergy Clin Immunol. 2008;121(6). doi:10.1016/j.jaci.2008.02.018

Miljkovic D, Psaltis AJ, Wormald PJ, Vreugde S. Chronic rhinosinusitis with polyps is
characterized by increased mucosal and blood Th17 effector cytokine producing cells. Front
Physiol. 2017;8(DEC):292882. doi:10.3389/fphys.2017.00898

Pandiyan P, Zhu J. Origin and functions of pro-inflaimmatory cytokine producing Foxp3+
regulatory T cells. Cytokine. 2015;76(1):13. doi:10.1016/].CYTO.2015.07.005

Stevens WW, Lee RJ, Schleimer RP, Cohen NA. Chronic rhinosinusitis pathogenesis. | A/ergy Clin
Immunol. 2015;136(6):1442-1453. doi:10.1016/].JACI.2015.10.009

Tsuda T, Suzuki M, Kato Y, et al. The current findings in eosinophilic chronic rhinosinusitis.
Auris Nasus Larynx. 2024;51(1):51-60. doi:10.1016/].ANL.2023.08.002

Rudmik L, Smith TL. Quality of life in patients with chronic rhinosinusitis. Curr_Allergy Asthma
Rep. 2011;11(3):247-252. doi:10.1007/S11882-010-0175-2/TABLES /1

Chen M, Reed RR, Lane AP. Chronic Inflaimmation Directs an Olfactory Stem Cell Functional
Switch from Neuroregeneration to Immune Defense. Ce// Stem Cell. 2019;25(4):501-513.e5.
doi:10.1016/].STEM.2019.08.011

Zhu H, Sun N, Wang Y, et al. Inflammatory infiltration and tissue remodeling in nasal polyps and
adjacent mucosa of unaffected sinus. Inz | Clin Exp Pathol. 2018;11(5):2707. Accessed November
2, 2025. https:/ /pmc.ncbinlm.nih.gov/articles/PMC6958245/

Tomassen P, Vandeplas G, Van Zele T, et al. Inflammatory endotypes of chronic rhinosinusitis
based on cluster analysis of biomarkers. | Allergy Clin Immunol. 2016;137(5):1449-1456.¢4.
doi:10.1016/j.jaci.2015.12.1324

IMJM Special Issue
Volume 25 No. 2 (2026) 103 ICMHS 2025



