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With immense pride and a deep sense of purpose, we are thrilled to present the inaugural issue
of Advances in World Medical Research (AWMR). This milestone marks the beginning of a new
chapter in the global pursuit of medical knowledge, innovation, and excellence. As an academic
journal committed to a rigorous double-blind peer review process, AWMR is dedicated to
advancing the frontiers of clinical medicine, healthcare, and related disciplines, fostering

collaboration among researchers, clinicians, and scholars worldwide.

The first issue of AWMR showcases a diverse range of high-quality research articles that
reflect the journal’s broad scope and commitment to interdisciplinary collaboration. We are
honored to feature three clinical articles on otorhinolaryngology, delving into the latest diagnostic
and treatment approaches for ear, nose, and throat disorders. These studies not only contribute to
the understanding of these complex conditions but also provide valuable insights for clinicians

seeking to improve patient outcomes.

In addition to the otorhinolaryngology articles, this issue includes two fundamental research
papers on oncology, one of which is a comprehensive review. These studies explore the latest
advancements in cancer research, from molecular mechanisms to targeted therapies, offering a
glimpse into the future of cancer treatment. By publishing these cutting-edge findings, AWMR

aims to inspire further research and innovation in the fight against cancer.

Finally, we are delighted to present a clinical case report in ophthalmology, highlighting a rare
and challenging case that underscores the importance of multidisciplinary collaboration in
diagnosing and treating eye diseases. This article serves as a reminder of the critical role that
clinical case reports play in sharing valuable experiences and knowledge among healthcare
professionals.

At AWMR, we believe that the exchange of ideas and the dissemination of research findings

are essential for the advancement of medical science. Our journal provides a platform for
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researchers and clinicians to share their work, engage in scholarly discourse, and contribute to the
global medical community. We invite submissions from researchers, clinicians, and scholars
worldwide, covering a wide range of topics within the fields of clinical medicine, healthcare, and
related disciplines.

As we embark on this exciting journey, we are committed to maintaining the highest standards
of academic integrity, quality, and excellence. We look forward to working with you to shape the

future of medical research and contribute to the improvement of healthcare worldwide.

Welcome to Advances in World Medical Research. We hope you enjoy reading this inaugural

issue and look forward to your continued support and participation in our journal.
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Abstract

This study aims to investigate the role of BAZ2A in cervical cancer and its relationship with
cancer development and glycolipid metabolism. BAZ2A knockdown experiments were performed
in HelLa cells to study its effects on cell proliferation, invasion, cloning and migration;
transcriptome and metabolome sequencing were also performed, and differentially expressed
genes and metabolites were analyzed by GO and KEGG enrichment, etc. BAZ2A is highly
expressed in cervical cancer, and the knockdown of BAZ2A inhibits the related malignant
behaviors in HelLa cells. Transcriptome analysis identified a large number of differentially -
expressed genes and related pathways, while metabolome analysis identified a variety of different
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metabolites and related pathways. The joint analysis revealed that key genes and metabolites are
involved in the BAZ2A regulatory network, affecting the related signaling pathways. Moreover,
BAZ2A plays an important role in cervical cancer development and is closely related to
glycolipid metabolism. In conclusion, BAZ2A affects cervical cancer development via cell

proliferation, cloning, migration, invasion, and energy metabolism.

Keywords: BAZ2A; Cervical Cancer; Transcriptome; Metabolome; Enrichment Analysis

1. Introduction

Cancer has emerged as a global health problem with a continuously increasing morbidity and
mortality (Bray et al., 2018; Sung et al., 2021). The development of tumors involves abnormal
genetic and molecular mechanisms (Hanahan & Weinberg, 2011). Despite the advancements in
research, the action mechanisms of certain key genes remain unclear (Xu et al., 2020; Johnson et
al., 2019). Research on tumors mainly focuses on key genes and their underlying mechanisms.
Despite the progress in cancer treatment, drug resistance and side - effects significantly affect the
treatment efficacy and prognosis (Siegel et al., 2024). Therefore, investigating the pathogenesis of
cancer is of crucial importance for the development of novel therapies to improve prognosis (Li et
al., 2021).

BAZ2A serves as an epigenetic regulator that influences ribosomal RNA (rRNA) transcription
(Dalle Vedove et al., 2022) and participates in rDNA heterochromatin formation by forming a
complex with SNF2H (Bevill et al., 2019; Anosova et al., 2015). The PHD - BRD structural
domain of BAZ2A is associated with rDNA silencing (Tallant et al., 2015; Bortoluzzi et al., 2017).
BAZ2A promotes tumor invasion and cancer progression (GLi et al., 2018; Gu et al., 2015).
Notably, it is highly expressed in prostate cancer, and this high expression is predictive of cancer
(Pietrzak et al., 2020). The role of BAZ2A in cancer has been extensively investigated, with a
focus on specific cancer types.

Our laboratory has been conducting research on the relationship between the BAZ family and
tumors. Previously, we published a series of related research findings on this topic. For instance,
"KRASG12 mutant induces the release of the WSTF/NRG3 complex and contributes to an
oncogenic paracrine signaling pathway" (Gu et al., 2015) revealed the relationship between
KRASGI2 mutation and the release of the WSTF/NRG3 complex and its contribution to an
oncogenic paracrine signaling pathway. "WSTF acetylation by MOF promotes WSTF activities
and oncogenic functions" (Pietrzak et al., 2020) explored the acetylation of WSTF by MOF and
its impact on WSTF activities and oncogenic functions. "Pan - cancer and multi - omics analyses
revealed the diagnostic and prognostic value of BAZ2A in liver cancer" (Liu et al., 2016)
demonstrated the diagnostic and prognostic value of BAZ2A in liver cancer through pan - cancer
and multi - omics analyses. These research findings have laid the foundation for a further in -
depth investigation of the role of the BAZ family in tumors.

Cervical cancer is one of the major malignant tumors in women and poses a serious health
threat. Despite the progress in research, its pathogenesis has not been completely clarified (Liu et
al., 2020; Liu et al., 2024). These research findings provide a basis for an in - depth exploration of
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the role of the BAZ family in tumors. This study focuses on the role of BAZ2A in cervical cancer.
It investigates the effects of BAZ2A on the proliferation, invasion, cloning, and migration of
cervical cancer cells, as well as its regulatory mechanisms at the gene - expression and metabolic
levels and its association with glycolipid metabolism.

2. Materials and Methods
2.1. Cell Culture

Colon cancer cells SW620, human mammary ductal carcinoma cells HCC38, cervical cancer
cells HeLa, and human ovarian cancer cells SKOV3 (STR - validated cells) were kindly provided
by Xaar Biological Laboratories (Tianjin, China). Cells were cultured in DMEM medium
(Thermo, Waltham, MA, USA) supplemented with 10% FBS (Thermo) in an incubator
maintained at 37°C with 5% CO2. SiRNAs (si - NC and si - BAZ2A) obtained from Saier
Biotechnology Inc (Tianjin, China) were transfected into cells using Lipofectamine 2000
(Thermo). After a 4 - 6 h incubation in serum - free medium, the cells were then switched to
serum - supplemented medium. The sequences of the siRNAs are as follows: si - BAZ2A: 5' -
GAG AGUGUC AGA CUA CUA UTT - 3"and si - NC: 5’ - UUC UCC GAA CGU GUC ACG
UTT - 3".

2.2. RT-qPCR

The RNA of the cells was extracted using Trizol (Thermo) reagent. The FastKing RT kit
(Takara, Chuo - ku, Osaka City, Japan) was used to synthesize cDNA from RNA. The SYBR
Premix EX Taq Kit (Takara) was used for RT - PCR analysis. The mRNA level of BAZ2A was
quantified using the 2-AACT method, with B - actin mRNA serving as an internal reference. The
reaction was conducted under the following conditions: an initial denaturation at 94 °C for 30 s,
followed by annealing at 58 °C for 30 s and extension at 72 °C for 30 s. This procedure was
repeated 40 times.

The primer sequences used are as follows: For B - actin, sense: 5' - CGT GAC ATT AAG GAG
AAG CTG - 3/, antisense: 5' - CTA GAA GCA TTT GCG GTG GAC - 3'; for BAZ2A, sense: 5' -
GGA GCA GCG GGT TAT CAT - 3/, antisense: 5' - CAC AGC CAG GTC CAA AGG - 3'.

2.3. CCK8

After being transfected with siRNA, the cells were inoculated into 96 - well plates at a
concentration of 2 x 10* cells per well and then incubated for 24 h. Subsequently, the cells were
washed with PBS. The cells were treated with CCKS8 reagent (Thermo) and incubated for 2 h.

Then, the OD value was measured using a microreader.
2.4. Protein Blotting

After lysing the cells, the protein concentration was measured using the BCA Quantitation Kit
(Thermo). Subsequently, an equal amount of protein was separated by 6% SDS - PAGE and then
transferred onto a nitrocellulose filter membrane. At room temperature, the membrane was
incubated in 3% skim milk for 2 h to block non - specific binding. In this study, since incubating
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multiple antibodies simultaneously would interfere with each other, resulting in mixed bands, the
membrane was cut and then incubated overnight at 4 °C with specific primary antibodies
respectively: BAZ2A (ab290639, Abcam, Cambridge, MA, USA), GADPH (ab8245, Abcam),
BAX (ab32503, Abcam), Snail (MAS - 14801, Thermo), p53 (GTX34938, GeneTex, TX, USA),
Bel - 2 (GTX100064, GeneTex), Vimentin (GTX40346, GeneTex), E - cadherin (CSB -
RA576116A0HU, CUSABIO, Wuhan, China), and N - cadherin (CSB - RA243509A0HU,
CUSABIO). The membrane was incubated with the corresponding secondary antibody (CSB -
PA564648/CSB - PA573747, CUSABIO) for 1 h. The ECL chemiluminescence substrate
(PerkinElmer, Waltham, MA, USA) was used to visualize the bands.

2.5. Transwell Assay

A suspension of 1 x 10° cells in 100 uL of serum - free medium was added to the upper
chamber of a Transwell apparatus, and 750 pL of serum - containing medium was added to the
lower chamber. Three biological replicates were included for each condition. The plates were
incubated for 12 - 16 h, and then the chambers were removed. The filter was fixed with 4%
paraformaldehyde (BL539A, Biosharp, Beijing, China) and then incubated with 800 pL of 0.5%
crystal violet (G1063, Solarbio, Beijing, China) solution for 15 min in the dark. The samples were
observed using an inverted microscope. Each sample was randomly examined in five different
fields of view, and the number of cells passing through the filtration membrane was counted. For
invasion assays, Matrigel (Corning, NY, USA), diluted 1:8 with serum - free medium, was added
to the lower chamber and incubated for 5 h in a 37 °C incubator. The cells were then evaluated as
described above.

2.6. Clone Formation Assay

Cells were seeded into six - well plates at densities of 50, 100, or 200 cells per well and
subsequently cultured for 2 - 3 weeks. After the removal of the medium, the plates were rinsed
twice with PBS and subsequently fixed in 5 mL of pure methanol for 15 min. Following the
removal of the fixative solution, the cells were stained with 0.4% crystal violet for a duration of
10 - 30 min. The plates were washed, air - dried, and subsequently photographed. The number of
colonies was counted to quantify them.

2.7. Transcriptome Sequencing Analysis

Samples were collected using Trizol Reagent (Invitrogen, Carlsbad, CA, USA) at a cell density
of 5x10¢ cells per mL. Transcriptome sequencing was conducted by Zhongke New Life
Biotechnology Co., Ltd (China).

2.8. Metabolome Sequencing Analysis

The constructed cells were expanded, cultured, and subsequently inoculated into T75 cell -
culture flasks, with 6 replicates per group and a cell number of 107 or above per sample. Then,
cell samples were collected. Metabolome sequencing was conducted by Zhongke New Life
Biotechnology Co., Ltd (China).



Advances in World Medical Research, 2025, 1(1), 3-17 ‘@‘
https://doi.org/10.71204/j7y2f615 CscroLar

2.9. Statistical Analysis

Statistical analyses were conducted using GraphPad Prism 8.2.1, and group comparisons were
performed via Student’s t - test. A P - value of less than 0.05 was regarded as statistically
significant.

3. Results

3.1. BAZ2A is Highly Expressed in Cervical Cancer and Promotes Malignant Behaviors of
Cervical Cancer Cells

We first detected the expression level of BAZ2A in multiple tumor cell lines by qRT-PCR.
Results showed that BAZ2A was most highly expressed in colorectal cancer SW620 cells (Figure.
1A). We then designed siRNAs targeting BAZ2A (si-BAZ2A-1, si-BAZ2A-2, si-BAZ2A-3) and
validated their interference efficiency in SW620 cells via qRT-PCR and Western blot. gqRT-PCR
showed a significant reduction in BAZ2A mRNA levels with si-BAZ2A-2 compared to the
control group (si-NC) (Figure. 1B). Western blot further confirmed a marked decrease in BAZ2A
protein expression after si-BAZ2A-2 treatment (Figure. 1C), indicating that si-BAZ2A-2 had the
optimal interference efficiency.

Given the extensive use of HeLa cells in tumor research due to their unique biological
properties and our laboratory’s stable culture conditions, we selected HeLa cells with intermediate
expression levels for subsequent experiments (Masters, 2002). The effects of BAZ2A on cell
proliferation, invasion, colony formation, and migration were analyzed using CCKS, Transwell,
colony formation, and scratch wound-healing assays. Knockdown of BAZ2A significantly
reduced the proliferative capacity of HelLa cells (Figure. 1D), decreased the number of invasive
cells (Figure. 1E), reduced colony formation (Figure. 1F), and shortened migration distance
(Figure. 1G). These results collectively indicate that BAZ2A knockdown inhibits proliferation,

colony formation, migration, and invasion in HeLa cells.
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Figure 1. BAZ2A is Upregulated in Cervical Cancer and Promotes Malignant Behaviors in Cervical
Cancer Cells

Notes: (A) qRT - PCR Analysis of BAZ2A mRNA Expression in Cervical Cancer Cell Lines. (B)
Validation of siRNA Targeting BAZ2A by qRT - PCR in SW620 Cells. (C) Validation of siRNA
Targeting BAZ2A by Western Blot in SW620 Cells. (D) The Role of BAZ2A in the Proliferation of HeLa
Cells. (E) The Role of BAZ2A in the Invasion of HeLa Cells. (F) The Role of BAZ2A in the Cloning of
HeLa Cells. (G) The Role of BAZ2A in the Migration of HeLa Cells. *P < 0.05, **P < 0.005, ***P < 0.001.
P - values Less Than 0.05 Were Considered Statistically Significant.

3.2. Transcriptome Analysis of BAZ2A

To investigate the association between BAZ2A and cancer, transcriptome sequencing was
performed on cells with BAZ2A knockdown or NC-siRNA transfection. A total of 6,825
differentially expressed genes (DEGs) were identified, including 3,911 upregulated and 2,914
downregulated genes (Figure. 2A). Heatmap analysis showed that DEGs were associated with key
processes in tumorigenesis (Figure. 2B).

GO and KEGG enrichment analyses were conducted to annotate DEG functions. GO analysis
revealed significant enrichment of 1,689 GO terms (P < 0.05), with 81.8% related to biological
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processes (BP), including carbohydrate metabolism and lipid metabolic processes (e.g.,
carbohydrate metabolism, lipid metabolism regulation and transport); 11.6% related to molecular
functions (MF), such as anion binding, enzyme binding, and transferase activity; and 6.6% related
to cellular components (CC), including plasma membrane, vesicles, ribosomes, and glycogen
granules (Liu et al., 2021; Aktary et al., 2017; Stanley, 2011; Jiao et al., 2023; Pecoraro et al.,
2021; Neoh et al., 2024) (Figure. 2C-E). These results are illustrated by the directed acyclic plots
in Supplementary Figure 1A-C. KEGG analysis showed that DEGs were primarily enriched in
tumor progression and metabolic pathways, such as "Pathways in Cancer," "mTOR signaling
pathway," and "insulin signaling pathway" (Figure. 2F). the mTOR signaling pathway plays a
central role in cellular metabolism (Zou et al., 2020), suggesting that BAZ2A may influence
glycolipid metabolism via regulating the mTOR pathway. Detailed information is presented in
Supplementary Figure 1D.

Protein-protein interaction network analysis identified ribosomal protein RPS12 as a central
node in DEG interactions (Figure. 2G), whose aberrant expression is closely linked to
tumorigenesis (Katanaev et al., 2020). Transcription factor annotation revealed enrichment of zf-
C2H2 zinc finger proteins, Homeobox, and bHLH family transcription factors in DEGs (Figure.
2H), indicating that BAZ2A may regulate cell differentiation and proliferation by modulating
these transcription factors (Zhang et al., 2024; Grier et al., 2005; Putarjunan et al., 2016).
Alternative splicing analysis showed that BAZ2A knockdown disrupted mTOR and insulin
signaling pathways (Figure. 2I-J), further supporting its role in cellular metabolism and

proliferation.
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3.3. Metabolome Analysis of BAZ2A
Metabolome analysis in positive and negative ion modes identified 4,839 (positive ion) and
3,699 (negative ion) differential metabolites, with 1,969/2,870 (positive ion) and 1,464/2,235
(negative ion) metabolites upregulated/downregulated, respectively (Figure. 3A-B). Heatmaps of
the top 20 differential metabolites showed their association with tumor development, energy

metabolism, and signaling (Figure. 3C-F).
KEGG analysis revealed significant enrichment of differential metabolites in glycolipid

metabolism pathways, such as "Central Carbon Metabolism in Cancer" and "Citrate Cycle (TCA
Cycle)" (Figure. 3G). Further analysis showed that BAZ2A knockdown enhanced glycolytic
activity while inhibiting pyruvate conversion into the TCA cycle, leading to truncation of
mitochondrial TCA cycle. Citrate was redirected to extramitochondrial fatty acid synthesis,
restricting cis-aconitic acid and isocitric acid synthesis—although isocitric acid accumulated due
to upstream substrate buildup. Fumarate synthase dysfunction blocked malate production from
fumarate, causing fumarate accumulation (Figure. 3H). These metabolic alterations collectively
promoted abnormal cell proliferation and metabolic reprogramming, providing a metabolic basis

for cancer cell energy demands.
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Figure 3. BAZ2A Metal;olome Analysis

Notes: (A) Volcano Plot of Differential Metabolites in the Positive Ion Mode (FC > 1.5 or FC < 0.67, P -
value < 0.05). (B) Volcano Plot of Differential Metabolites in the Negative Ion Mode (FC > 1.5 or FC <
0.67, P - value < 0.05). (C) Fold - Change Analysis of Significant Differential Metabolites in the Positive
Ion Mode. (D) Fold - Change Analysis of Significant Differential Metabolites in the Negative Ion Mode.
(E) Heat Map of the Top 20 Differential Metabolites in the Positive Ion Mode. (F) Heat Map of the Top
20 Differential Metabolites in the Negative Ion Mode. (G) KEGG Enrichment Bubble Diagram of

Differential Metabolites. (H) The Tricarboxylic Acid Cycle Pathway with Intermediate Metabolites and

Response - Regulating Enzymes. Up - regulated Differential Metabolites Are Shown in Red, Down -

regulated Metabolites Are Shown in Blue, and Metabolites with Insignificant Changes Are Shown in

Black. The Bar Graphs Represent the Statistical Plots of the Metabolites with Significant Differences. *P
<0.05, **P < 0.005, ***P < 0.001. P - values Less Than 0.05 Were Considered Statistically Significant.
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3.4. Joint Analysis of Transcriptome and Metabolome for BAZ2A

The PCA plots of Figure 4A, B showed reliable reproducibility. Analysis of the Venn diagram
(Figure 4C) revealed that 338 and 154 differentially expressed genes and metabolites were
involved in the pathway in the transcriptome and metabolome, respectively, of which six were
shared. This finding indicates that there are co - regulated genes and metabolites under BAZ2A
regulation. Analysis demonstrated that among the top 10 pathways jointly involved by the
transcriptome and metabolome, the “cAMP signaling pathway” (with “cAMP” being cyclic
adenosine monophosphate) was highly implicated. This suggests that BAZ2A may synergistically
regulate gene expression and metabolism via this pathway, thereby influencing cell physiological
processes (Figure 4D). Following the knockdown of BAZ2A, the AMPK, FoxO, and mTOR
signaling pathways were affected. This implies that BAZ2A plays a role in cellular energy
metabolism and tumor development. Moreover, BAZ2A may indirectly regulate glucose and lipid
metabolism by influencing these signaling pathways, which subsequently impact tumor
development (Figure 4E).
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Figure 4. Joint Metabolome and Transcriptome Analysis of BAZ2A

Notes: (A) PCA Plots of Differentially Expressed Genes. (B) PCA Plots of Differential Metabolites. (C)
Venn Diagram of Differentially Expressed Genes and Differential Metabolites Involved in the Pathways.
(D) The Top 10 Pathways with the Highest Number of Jointly Involved Genes and Metabolites. (E)
KEGG Enrichment Bubble Plot of Differential Genes Versus Differential Metabolites.

4. Discussion

In this study, we discovered that BAZ2A is highly expressed in cervical cancer. Moreover, the
reduction of BAZ2A levels inhibited multiple malignant behaviors in HeLa cells, indicating that it
plays a significant role in the growth and metastasis of cervical cancer cells. Transcriptome
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analysis identified 6825 differentially expressed genes, which were significantly enriched in
processes related to glycolipid metabolism. Additionally, GO and KEGG analyses unveiled the
potential role of BAZ2A in cellular signaling and other aspects.

Metabolomic analysis identified a variety of differential metabolites related to tumor
development, energy metabolism, and signaling in both ionic modes. KEGG analysis further
revealed an enrichment of glycolipid metabolism - related pathways. These pathways impact
cellular energy and material metabolism and furnish a metabolic foundation for cancer cell

proliferation and migration.

Joint transcriptome and metabolome analysis demonstrated that key genes and metabolites in
both were jointly implicated in the BAZ2A regulatory network, thereby affecting signaling
pathways such as AMPK, FoxO, and mTOR. These pathways indirectly regulate glycolipid
metabolism and consequently influence tumor development. Therefore, we hypothesize that
BAZ2A may influence cell proliferation and migration via metabolic reprogramming, which
subsequently impacts tumorigenesis and development.
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Notes: (A - C) Directed acyclic graphs illustrating GO analysis of differentially expressed proteins
(DEP) in biological process (BP) (A), molecular function (MF) (C), and cellular component (CC) (B). (D)
KEGG pathway annotation map for differential expression analysis.
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Abstract

The Williams syndrome transcription factor (WSTF, alternatively termed BAZ1B) represents a
versatile nuclear protein that exerts pleiotropic effects on neurodevelopmental processes,
chromatin remodeling, DNA damage repair, as well as transcriptional regulation. Accumulating
evidence demonstrates that WSTF is a crucial molecular determinant in the pathogenesis and
progression of multiple cancers, positioning it as a viable therapeutic target. This review
systematically synthesizes the molecular mechanisms by which WSTF drives oncogenesis across
malignancies, focusing on its interplay with regulatory factors and signaling pathways. In breast
cancer, WSTF participates in estrogen receptor (ER) signaling and contributes to endocrine
therapy resistance by modulating ER-dependent gene expression to promote proliferation and
invasion. WSTF also interacts with the vitamin D analog EB1089, suppressing tumor progression
through altered promoter binding. In gastric cancer, aberrant WSTF expression disrupts cell
adhesion, increasing cancer cell dependency on WSTF. Hyperphosphorylation of WSTF in
diffuse gastric cancer further implicates it in tumorigenesis. In cervical, glioblastoma, and lung
cancers, WSTF activates the PI3K-Akt signaling cascade, enhancing tumor cell proliferation,
migration, and invasion. These findings underscore WSTF ’s oncogenic role and therapeutic
potential. Further investigation into WSTF’s functions and regulatory mechanisms will deepen

our understanding of tumorigenesis and inform novel therapies targeting this chromatin regulator.

Keywords: WSTF; Malignant Tumors; Transcriptional Regulation; PI3K/Akt Pathway
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1. Introduction
1.1. Current Status of Cancer Research

Malignant neoplasms persist as a predominant contributor to global mortality. Epidemiological
data from the World Health Organization (2019) indicate that cancer was the primary or
secondary cause of premature death (prior to 70 years of age) in 183 nations, while ranking third
or fourth in 23 other countries (Sung et al., 2021). Epidemiological studies identify China as the
country with the most substantial cancer incidence worldwide, exhibiting a steadily increasing
annual caseload (Kamaraju et al., 2020). Globally, 2020 witnessed approximately 19.3 million
newly diagnosed cancer cases, of which 4.57 million (23.7%) were recorded within China (Qiu et
al., 2022). Despite advancements in medical technology, cancer treatment costs continue to rise,
and the disease imposes substantial burdens on societal productivity, labor resources, and
economic stability (Stemmer et al., 2013; Yabroff et al., 2011). Thus, early screening, timely
diagnosis, and effective treatment are critical to mitigating these losses (Luengo-Fernandez et al.,
2013). A paradigm shift has characterized oncological therapeutics since the dawn of the 21st
century, transitioning sequentially from empirical clinical practice to evidence-based practice
approaches, and currently progressing toward individualized precision medicine strategies.
(Powell et al., 2022).

1.2. Structure of WSTF

The Williams syndrome transcription factor (WSTF), encoded by the BAZIB gene (HGNC:963;
chr7q11.23), is a chromatin-modifying protein that regulates genomic architecture. The BAZ1B
gene spans 80 kilobases in length and contains a 4,449-base pair open reading frame. As a
member of the BAZ/WAL protein family, the Williams syndrome transcription factor (WSTF) is
a large nuclear protein comprising 1,425 amino acid residues with an approximate molecular
mass of 171 kilodaltons. This multidomain protein features two evolutionarily conserved
functional modules: a plant homeodomain (PHD)-type zinc finger motif and a bromodomain, both
of which mediate critical chromatin interactions (Chris Barnett & Jocelyn E. Krebs, 2011; Liu et
al., 2020; Sharif et al., 2021; Zanella et al., 2019). Williams syndrome (WS; OMIM 194050) is a
contiguous gene deletion syndrome, resulting in a complex developmental disorder characterized
by multisystem defects. Common clinical features of WS patients include intellectual disability,
distinctive facial features, unique cognitive profiles, congenital heart disease, infantile
hypercalcemia, and growth deficiencies (Allegri et al., 2020; Bellugi et al., 1990; Serrano-Juarez
et al., 2023). Functionally, WSTF serves as a versatile atypical tyrosine kinase that coordinates
multiple essential biological processes. It participates in chromatin organization through
nucleosome remodeling, regulates transcription via RNA polymerase I- and III-dependent
mechanisms, modulates vitamin D3-dependent signaling pathways, and contributes to genomic
stability maintenance through its involvement in DNA damage repair systems (Chris Barnett &
Jocelyn E. Krebs, 2011; Sharif et al., 2021). Remarkably, WSTF demonstrates substantial
overexpression in malignant lesions relative to adjacent normal tissues, underscoring its promise

as an emerging molecular target for anticancer therapy.
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2. Biological Functions of WSTF
2.1. Neurodevelopmental Regulation

WSTF serves as a key regulator of neurodevelopment. Haploinsufficiency of the WSTF in
neural progenitor populations induces genome-wide transcriptional perturbations and impairs
cellular differentiation programs, resulting in dysregulation of multiple downstream genetic
networks critical for neurodevelopment. WSTF-targeted genes are enriched in the Wnt signaling
pathway, which balances neuronal progenitor proliferation and differentiation. Intriguingly,
WSTF can rescue differentiation impairments caused by its haploinsufficiency by attenuating

hyperactive Wnt signaling in neural stem cells (Lalli et al., 2016; Zhou et al., 2022).
2.2. Chromatin Remodeling

The WSTF serves as an essential structural and functional element within ATP-dependent
chromatin remodeling machinery, particularly within two key complexes: the WSTF-ISWI
chromatin regulatory complex (WICH) and the B-WICH complex (Goto et al., 2024; Li et al.,
2021; Maga & Hubscher, 2003; Poot et al., 2005; Poot et al., 2004). Research demonstrates that:
The WICH complex prevents heterochromatin protein 1 (HP1) from binding to newly replicated
DNA (Poot et al., 2004). Biochemical studies reveal that WICH's targeting to nascent replication
foci is mediated by high-affinity binding to the Proliferating cell nuclear antigen (PCNA) trimer,
facilitating chromatin remodeling at active replication forks.By temporarily maintaining
chromatin in a transcriptionally accessible state, WICH delays post-replicative chromatin
maturation, thereby preserving chromatin structure (Maga & Hubscher, 2003; Poot et al., 2005).

2.3. Role in DNA Damage Repair

H2A.X represents a specialized variant of histone Histone H2A (H2A)(Dibitetto et al., 2024)
that is functionally indispensable for DNA damage response pathways. The distinctive WAC
(WSTF/Acfl/cbp146) domain within WSTF exhibits intrinsic tyrosine kinase capability,
specifically catalyzing phosphorylation at tyrosine residue 142 (Y142) of H2A.X, generating the
YH2AX(a form of H2AX with a phosphate group added at position S139)-pY 142 epigenetic mark
(Broering et al., 2015; Xiao et al., 2009). This phosphorylation event facilitates molecular
interactions with RNA polymerase II (Pol II), establishing a functional linkage between DNA
damage signaling and transcriptional regulation in actively cycling cell populations.The DNA
damage response involves a sophisticated regulatory mechanism:Upon DNA damage, ATM (a
PI3-K-like kinase)-dependent EYA1/3 (eyes absent homologs 1 and 3) phosphatases initially
remove pre-existing YH2AX-pY 142 modifications, leading to transcriptional silencing at damage
sites requiring repair(Yuan et al., 2010). Subsequently, WSTF translocates to DNA lesion sites to
restore YH2AX-pY 142. This molecular mechanism promotes transcription-coupled homologous
recombination (TC-HR) in G1-phase cells, where RNA polymerase II-generated transcripts serve
as template donors for precise DNA repair, ensuring preservation of genomic stability (Chris
Barnett & Jocelyn E. Krebs, 2011; Ji et al., 2019; Oppikofer et al., 2017).

2.4. Transcriptional Regulation

Emerging evidence demonstrates that nuclear myosin 1 (NM1), WSTF, and SWI/SNF-related
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matrix-associated actin-dependent regulator of chromatin subfamily A member 1 (SNF2H)
associate with RNA polymerase I (Pol I) and ribosomal DNA (rDNA) loci (Percipalle et al., 2006;
Venit et al., 2020). The molecular interplay between NM1 and the WSTF orchestrates the
coordinated recruitment of two functionally distinct chromatin remodeling complexes—WICH
and the WSTF-containing nucleosome assembly complex (WINAC)—to specific genomic loci.
At these target sites, these multi-protein assemblies collaboratively execute chromatin structure
modifications that ultimately drive transcriptional activation(Percipalle et al., 2006; Sarshad et al.,
2013). The dynamic interplay between NM1 and actin filaments generates biophysical forces that
activate kinase-dependent phosphorylation of WSTF at specific regulatory residues (Tyr/Ser).
This post-translational modification acts as a molecular switch that induces conformational
changes in WSTF, leading to the structural destabilization and subsequent disassembly of the B-
WICH chromatin remodeling complex. As a consequence, this regulatory cascade terminates B-
WICH-mediated chromatin reorganization at ribosomal DNA loci, thereby modulating rDNA
transcriptional output. This dissociation event subsequently prevents the binding of Pol I to gene
promoters, thereby effectively inhibiting transcriptional activation (Aydin O et al., 2014; Sarshad
etal., 2013).

As a critical transcriptional regulator, WSTF performs diverse biological functions under
normal physiological conditions. However, emerging evidence has demonstrated the essential role
of WSTF in malignant tumor progression, generating substantial research interest in its oncogenic
functions. Subsequent sections will systematically review mechanistic insights into WSTF's
contributions to cancer pathogenesis.

3. Advances in WSTF Research in Malignant Tumors
3.1. WSTF Promotes Malignant Tumor Development and Progression

Emerging evidence highlights the multifaceted role of the WSTF in oncogenesis, with its

involvement spanning transcriptional regulation, immune modulation, and epigenetic remodeling.
3.1.1. RUNX2-Dependent Transcriptional Regulation

Studies show that Runt-related transcription factor 2 (RUNX2) and WSTF form a functional
complex in the nuclear matrix, working together to regulate DNA damage response (DDR)
through three main mechanisms. First, RUNX2 helps bring WSTF to DNA damage sites, which
increases the production of y-H2AX. This process improves the ability to repair DNA. Second,
WSTF usually increases apoptosis by adding phosphate groups to H2AX at position Y142.
However, RUNX2 reduces this effect by controlling WSTF's activity, which helps cancer cells
avoid programmed cell death. Third, this complex lowers the acetylation levels of histone H3
lysine 9 (H3K9) and Histone H3 lysine 56 (H3K56). These changes modify chromatin structure,
which affects DNA repair efficiency and how genes are expressed (Yang et al., 2015). This
pathway underscores WSTF's role in promoting cancer progression through cooperation with the
RUNX family of transcription factors.
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3.1.2. Immunomodulatory Functions in the Tumor Microenvironment

L-Arginine potentiates T cell-mediated anti-tumor responses through metabolic reprogramming,
a process orchestrated by the L-arginine-responsive transcriptional regulators BAZ1B, Positive
Coactivator 4 (PC4) and Splicing Factor, Arginine/Serine-rich 1 (SFRS1) Interacting Protein 1
(PSIP1), and Translin (TSN). These factors sense intracellular L-arginine concentrations. They
dynamically modulate the expression of genes involved in DNA repair, chromatin remodeling,
and cell survival, thereby augmenting T cell effector functions. Structural proteomics analysis
(limited proteolysis-mass spectrometry LiP-MS) identified early conformational changes in
WSTF following L-arginine stimulation, suggesting its potential involvement in the initial
signaling cascade. However, genetic ablation of WSTF did not impair L-arginine-induced
metabolic adaptation or survival advantages in T cells, whereas depletion of BAZ1B, PSIPI1, or
TSN markedly attenuated these effects. These findings demonstrate that while WSTF may
participate in the early L-arginine response network, BAZ1B and its associated factors serve as
the core molecular machinery sustaining T cell anti-tumor activity (Geiger et al., 2016). This
study establishes the L-arginine-BAZ1B/PSIP1/TSN axis as a critical regulatory node in tumor
immunity, while revealing WSTF's non-essential yet potentially modulatory role in this

immunometabolic network.
3.1.3. Epigenetic Control of Tumorigenesis

Extensive research has demonstrated that WSTF contributes to cancer progression through
several distinct but interconnected biological processes. The first major mechanism involves post-
translational modifications, where males absent on the first (MOF)-mediated acetylation at the
K426 residue significantly enhances WSTEF's ability to regulate gene expression. Importantly, this
acetylation event also facilitates subsequent phosphorylation at the S158 position. Together, these
molecular modifications work synergistically to promote aggressive tumor behaviors, including
enhanced cell proliferation, increased migratory capacity, and greater invasive potential (Liu et al.,
2020).

In cancers harboring KRAS®!? mutations, WSTF participates in a unique pathogenic cascade.
The mutant KRAS protein induces specific epigenetic alterations at the neuregulin-3 (NRG3)
gene promoter region, resulting in transcriptional activation. This leads to the formation of stable
WSTF/NRG3 protein complexes that are secreted through non-classical pathways. Once released
into the extracellular environment, these complexes function as potent signaling molecules that
can stimulate nearby wild-type cells through paracrine mechanisms. The activated pathways
include several well-characterized oncogenic signaling networks such as RAS, Neurogenic locus
notch homolog protein 1 (NOTCH1), and Janus Kinase (JAK) which collectively contribute to
microenvironmental changes favorable for tumor progression (Liu et al., 2016).

At the genomic level, comprehensive studies utilizing advanced sequencing technologies have
revealed that elevated WSTF expression exerts widespread effects on cellular homeostasis.
Specifically, WSTF overexpression leads to the transcriptional repression of critical cell cycle
inhibitors including Cyclin-Dependent Kinase Inhibitor 1A (CDKNIA) and Mouse Double

Minute 2 (MDM2). Concurrently, it downregulates essential components of the proteasomal
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degradation machinery, specifically Proteasome Activator Subunit 3 (PSME3) and Proteasome
Activator Subunit 4 (PSME4). This coordinated suppression disrupts both upstream signaling
pathways and downstream protein degradation cascades, thereby compromising critical cell cycle
checkpoints and fostering a molecular microenvironment conducive to dysregulated proliferation
and neoplastic progression (Grochowska et al., 2022).

WSTF has emerged as a central regulator in malignant tumor development and progression,
orchestrating diverse oncogenic processes through transcriptional control, immune modulation,
and epigenetic remodeling. Its interactions with key factors like RUNX2 and NRG3, modulation
of L-arginine metabolism, and influence on tumor suppressors (CDKNI1A, MDM?2) and
proteasomal degradation (PSME3/4) collectively drive cancer cell survival, proliferation, and
metastasis. These effects are mediated via two core mechanisms: molecular complex formation
and epigenetic regulation, highlighting WSTF’s multifaceted role in tumorigenesis. Deeper
WSTF research could lead to precise cancer treatments, particularly for resistant cases.
Combining lab research with clinical applications strongly supports using WSTF both to predict
cancer and to develop targeted drugs.

3.2. WSTF in Breast Cancer Signaling

Estrogen receptor (ER) signaling constitutes a fundamental pathway in breast cancer
pathogenesis and therapeutic intervention, with approximately 80% of breast malignancies
exhibiting ER-positive status and consequent estrogen-dependent proliferative capacity (Bulun et
al., 2009; Lundqvist et al., 2018; Nelson & Bulun, 2001; Sammons et al., 2020; Simpson, 2004;
Will et al., 2023).Current clinical strategies predominantly employ endocrine-based therapeutics,
including selective estrogen receptor modulators (SERMs) such as tamoxifen and aromatase
inhibitors, which effectively attenuate ER signaling cascades to achieve tumor growth
suppression (Salvati et al., 2022).

The aromatase enzyme, encoded by CYPI1941, catalyzes estrogen synthesis (Lin et al., 2023),
and its inhibition by vitamin D analogs like EB1089—which downregulates CYP19A41 expression
and aromatase activity-effectively suppresses growth in aromatase-dependent breast cancer cells
(Bulun et al., 2009; Lundqvist et al., 2018). Mechanistically, EB1089 alters nuclear
receptor/cofactor interactions at the CYP19A1 promoter, enabling vitamin D receptor (VDR)
binding while displacing WSTF, thereby impeding breast cancer progression (Lundqvist et al.,
2013). Notably, la,25-dihydroxyvitamin D3 and its analogs exhibit antiproliferative and
prodifferentiation effects, highlighting their therapeutic potential (Bajbouj et al., 2022; Dennis et
al., 2023; Hill et al., 2015). In estrogen-dependent breast cancer, targeting ER signaling remains
central, with WSTF identified as an activator of CYP19A1 and ERa promoters, while
1,25(0OH)2D3 disrupts WSTF-promoter binding to abolish this activation (Bajbouj et al., 2022).
These findings position vitamin D analogs as promising therapeutic agents.

Emerging evidence indicates that Dot1L and Menin (encoded by MENT1) colocalize within the
cytoplasmic compartment to cooperatively regulate critical pathways involved in breast cancer
progression. These pathways include estrogen signaling, p53 activity, HIF1a-mediated responses,

death receptor signaling, as well as cell cycle control and epithelial-mesenchymal transition (EMT)
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regulation (Liu et al., 2020; Saatci et al., 2021; Salvati et al., 2022). DotlL and Menin have been
shown to influence estrogen signaling through interactions with nuclear chaperone complexes,
particularly the BAZ1B-containing B-WICH and WINAC complexes. Experimental reduction of
BAZIB expression in both antiestrogen-sensitive and resistant breast cancer cell lines consistently
results in significant suppression of ERa expression, impaired proliferative capacity, and
transcriptomic reprogramming affecting estrogen response, Myc signaling, mTOR activity,
PI3K/AKT pathway, and metabolic processes. The functional interplay between ERa, DotlL,
Menin and BAZ1B - and their coordinated inhibition - exerts profound effects on the proliferation
and survival of endocrine-resistant breast cancer cells. These findings support the potential
therapeutic strategy of combined pharmacological targeting of these factors to overcome
endocrine resistance in ERa-positive breast malignancies (Liu et al., 2020; Saatci et al., 2021;
Salvati et al., 2022).

Research findings demonstrate that WSTF can interact with two key acetyltransferases,
p300/CBP-Associated Factor (PCAF) and MOF, to co-regulate the acetylation levels at histone
sites H3K9 and Histone H4 lysine 16 (H4K16) (Vintermist et al., 2011). The molecular
mechanism can be delineated into three critical steps:First, activation of the Ras signaling
pathway induces phosphorylation at serine 158 (S158) of the WSTF protein. This post-
translational modification serves as a molecular switch that enhances WSTF's binding affinity for
PCAF while simultaneously reducing its interaction with MOF.Second, the altered binding
dynamics lead to functional consequences: PCAF enzymatic activity becomes elevated, resulting
in increased H3K9 acetylation (H3K9ac). Conversely, MOF activity is diminished, causing
decreased H4K16 acetylation (H4K16ac).Third, these coordinated changes in histone acetylation
patterns directly modulate the expression of tumor-related genes, including Breast tumor kinase
(Brk) and p21. Ultimately, these molecular events promote breast cancer cell proliferation,
migration, and enhanced tumorigenic potential in vivo, as evidenced by animal studies.This study
reveals WSTF functions as a molecular sensor that transduces Ras signaling to differentially
regulate PCAF and MOF activities, thereby establishing a novel epigenetic mechanism
controlling oncogene expression. These findings not only advance our understanding of breast
cancer pathogenesis but also identify potential therapeutic targets for intervention (Li et al., 2016;
Liu et al., 2020).

In summary, WSTF has been identified as a central player that: (1) activates CYP1941/ERa
genes, (2) cooperates with PCAF/MOF acetyltransferases to regulate histone marks
(H3K9ac/H4K16ac), and (3) integrates Ras pathway signals. Ras-mediated phosphorylation at
S158 alters WSTF's binding preferences - increasing PCAF but decreasing MOF interaction -
ultimately affecting oncogenes (Brk, p21) to drive cancer progression. Vitamin D compounds
counteract this by blocking WSTF's binding to CYP19A1/ERa promoters. These findings
establish WSTF as both an epigenetic regulator and therapeutic target. Moving forward, studies
should clarify WSTF's regulation mechanisms and explore combination therapies pairing WSTF

inhibitors with vitamin D analogs for more precise breast cancer treatment.
3.3. WSTF in Gastric Cancer Signaling Pathways

Dysregulation of cell adhesion represents a hallmark feature across multiple cancer types
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(Schnell et al., 2013). In gastric cancer, the adhesion protein Claudin-4 (CLDN4), which mediates
intercellular adhesion and maintains cell polarity - shows significant upregulation (Tsukita et al.,
2019). Notably, the DNA repair protein MutS Homolog 2 (MSH2) is enriched in cell adhesion-
related pathways, where it regulates CLDN4 expression through modulating enhancer-promoter
interactions, thereby controlling invasive growth of gastric cancer cells. MSH2 deficiency leads to
adhesion pathway dysregulation, rendering aggressive gastric cancer cells dependent on WSTF
and consequently sensitive to bromodomain/ Bromodomain and Extra-Terminal motif inhibitors

(BET) (extra-terminal motif) inhibition, ultimately promoting gastric carcinogenesis (Nargund et
al., 2022; Nargund et al., 2023).

Comprehensive studies show that diffuse gastric cancer develops when several cellular
pathways malfunction, including c-MYC signaling, EMT processes, and semaphorin
communication. In these cancers, the BAZ1B, With No lysine (K) kinase 1 (WNK1) and myosin
light chain kinase (MLCK) show excessive phosphorylation activity, while Adaptor-Associated
Kinase 1 (AAK1) activity decreases. The WSTF contributes by phosphorylating BAZ1B at
Ser699/705 sites, which activates PI3K/Akt and IL-6/ signal transducer and activator of
transcription 3 (STAT3) pathways to promote EMT and invasion. lamin A/C (LMNA)
phosphorylation at S392 strongly associates with metastasis. WSTF also influences cancer
progression through its roles in maintaining chromatin structure and DNA repair, potentially
affecting genetic stability. These multiple mechanisms make WSTF an important factor in diffuse
subtype of gastric cancer (DGC) development and potential treatment target (Singh et al., 2024).

In summary, dysregulation of cell adhesion plays a pivotal role in gastric cancer, with WSTF
driving tumor progression through coordinated multi-pathway mechanisms: (1) phosphorylating
BAZI1B to activate PI3K/Akt and STAT3 pathways, thereby promoting EMT; (2) inducing
LMNA hyperphosphorylation to enhance metastatic potential; and (3) compromising genomic
stability. Notably, the functional coupling between WSTF and the MSH2-CLDN4 axis establishes
it as a promising therapeutic target—WSTF inhibition synergistically enhances the efficacy of
BET inhibitors when MSH2 is deficient. These findings elucidate WSTF's critical role in gastric
cancer and identify novel therapeutic targets and strategies. Future investigations should focus on
elucidating the functional mechanisms of WSTF and its associated signaling pathways, which will
deepen our understanding of gastric cancer pathogenesis and inform the development of
innovative treatment approaches.

3.4. WSTF Promotes Malignant Tumor Development Through the PI3K/Akt Signaling
Pathway

A growing body of research evidence clearly indicates that WSTF commonly contributes to
cancer progression in multiple tumor types, primarily by activating the important PI3K/AKT cell
signaling pathway. In the specific case of cervical cancer (CC), detailed laboratory studies have
demonstrated significantly higher levels of WSTF protein in both patient tumor samples and
cultured cancer cell lines when compared to normal healthy tissues. Furthermore, these
investigations showed that WSTF expression levels gradually increase in parallel with disease
progression, suggesting its potential role in driving more advanced stages of cervical cancer

development. Studies demonstrate that WSTF knockdown suppresses CC cell proliferation,
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invasion, and migration through PI3K/Akt pathway inhibition, establishing WSTF as a key driver
of CC malignancy (Jiang et al., 2021).

Consistent with these observations, the research team led by Liyuan Yang reported similar
findings in glioblastoma, an aggressive form of brain cancer. Their study demonstrated that
elevated WSTF protein expression in tumor cells promotes key oncogenic processes: accelerated
cell proliferation and enhanced migratory capacity. This tumor-promoting effect is mediated
through a specific molecular mechanism in which WSTF induces AKT protein phosphorylation,
thereby initiating an activation cascade of the PI3K/Akt signaling pathway. Ultimately, this
pathway activation drives the characteristic uncontrolled growth and metastatic behavior of
glioblastoma cells (Yang et al., 2021).

In lung cancer, Jin Meng's studies revealed that WSTF acts like a cancer-causing gene. It works
by switching on two important pathways at the same time - the PI3K/Akt pathway and the IL-
6/STAT3 pathway. When both pathways are active, they change how cells behave, making them
more likely to undergo EMT (Jiang et al., 2021; Meng et al., 2016). This process helps lung
cancer cells in several ways: they grow faster, move more easily, and invade other tissues more
effectively. As a result, the cancer spreads quicker and becomes more aggressive (Kim et al.,
2006; Mittal, 2016; Zeisberg et al., 2007).

Cumulative evidence demonstrates that WSTF exhibits pleiotropic oncogenic functions across
multiple malignancies, notably cervical carcinoma, glioblastoma multiforme, and lung cancer.
Mechanistically, WSTF consistently activates the PI3K/AKT signaling cascade, thereby
promoting hallmark cancer phenotypes including enhanced proliferative capacity, increased
invasive potential, and metastatic dissemination via EMT(Jiang et al., 2021; Meng et al., 2016;
Yang et al., 2021). Because multiple studies have now confirmed how important WSTF is in
these different cancers, it has become clear that this protein could be a good target for new cancer
treatments. The next important step for researchers will be to figure out exactly how WSTF
causes these cancer-promoting effects at the molecular level. Understanding these detailed
mechanisms could lead to new targeted therapies that might work against several types of cancer.

4. Summary and Perspectives

Scientific research has clearly shown that WSTF encodes an essential protein involved in
cancer processes. WSTF has been identified as a crucial cancer-associated gene, with its
expression level in malignant cells showing direct associations with neoplastic transformation,
disease advancement, and therapeutic responses in diverse malignancies. WSTF exerts its
oncogenic effects through pleiotropic mechanisms, including modulation of key cellular signaling
pathways, epigenetic regulation of gene expression programs, and chromatin remodeling. These
coordinated actions collectively promote tumorigenesis by enhancing malignant cell proliferation
and metastatic potential. Although we have learned much about WSTF's cancer roles, future

studies should address key questions regarding through additional research.
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4.1. Molecular Mechanisms of WSTF in other Malignancies

Although we know that WSTF is involved in cancer development, its exact mechanisms are not
yet fully understood. WSTF plays important roles in regulating gene expression, modifying
chromatin structure, and repairing DNA damage—all of which are closely linked to cancer
initiation and progression. By studying WSTF's functions in greater detail, we may uncover new
therapeutic targets for cancer treatment.

4.2. Developing Targeted Therapies Against WSTF

As a promising therapeutic target, WSTF shows potential for inhibiting tumor growth and
metastasis. Future research should focus on developing more selective and effective WSTF
inhibitors to enhance treatment efficacy while minimizing side effects. Researchers should also
explore combination therapies with existing treatments like conventional chemotherapy and
immune checkpoint inhibitors to potentially improve therapeutic outcomes.

4.3. The Interaction of WSTF with the Tumor Immune Microenvironment

Recent studies show that the immune cells and molecules around tumors (called the tumor
microenvironment) significantly influence cancer growth. Future investigations should focus on
two key aspects of WSTF's role in tumor immunology: first, elucidating its mechanisms of
immune cell regulation within the tumor microenvironment; and second, determining whether
malignant cells utilize WSTF-mediated pathways to evade immune surveillance. These critical
questions will help establish WSTF's immunomodulatory functions in cancer pathogenesis.
Answers to these questions may lead to new combination therapies that make immunotherapies
work better for more patients.

In summary, WSTF is an important transcription factor that contributes significantly to cancer
development and progression. Current studies continue to investigate exactly how WSTF works at
the molecular level in different cancers. Researchers are also examining whether targeting WSTF
could lead to new cancer treatments. The findings from these studies may help scientists develop

better therapies and improve outcomes for cancer patients.
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Abstract

To observe the clinical efficacy of the self-formulated Huatan Chushi Zhuyu Decoction (HCZ
Decoction) combined with basic Western medical treatment in children with moderate to severe
adenoid hypertrophy (AH) accompanied by allergic rhinitis (AR), and to explore the theoretical
basis by referring to traditional Chinese medicine (TCM) literature. A retrospective analysis was
conducted. A total of 64 children with moderate to severe AH admitted to the outpatient
department from January 2022 to December 2024 were included and divided into the decoction
group (43 cases) and the non-decoction group (41 cases) according to the treatment regimen. The
non-decoction group was treated with mometasone furoate nasal spray (100 pg/d) + montelukast
(4-5 mg/d) for 2 weeks, combined with cetirizine (5-10 mg/d) for anti-allergy. On this basis, the
decoction group was additionally given the HCZ Decoction (including tangerine peel, Poria cocos,
Pinellia ternata, licorice, Arisaema cum Bile, peach kernel, Spina Gleditsiae, etc.), one dose per
day, taken after breakfast and dinner, with a treatment course of 2 weeks. Baseline data such as
age, gender, and BMI of the children in the two groups were collected. The differences in nasal
symptom scale, pediatric sleep disorder scale, polysomnography (PSG) parameters, and the
degree of AH before and after treatment were compared. The t-test and chi-square test were
performed using SPSS 27.0 statistical software, with a significance level of P < 0.05. Chinese
databases such as CNKI and Wanfang (from 2014 to 2024) were systematically searched. Using
the Citespace 6.3 literature processing tool, the hotspots and clustering information of keywords,
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institutions, and co-authors related to the TCM treatment of AH in Chinese literature were
analyzed. There were no statistical differences in general data and clinical baseline data between
the two groups (P > 0.05), indicating comparability. The scores of various items in both the
decoction group and the non-decoction group decreased after treatment, confirming the
effectiveness of the treatment. The total score of OSA-18 was at the moderate to severe level, and
there were differences in the total score and the changes of various scores between the decoction
group and the non-decoction group, with the scores of the decoction group being lower. There
was a difference in the change score of the total nasal symptom score (TNSS) between the two
groups, mainly manifested in nasal obstruction and sneezing. There were no differences in the
changes of OAHI and LSaO2 scores between the two groups. The literature study showed that the
core therapeutic methods of TCM treatment for AH are "resolving phlegm, removing dampness,
and promoting blood circulation to remove blood stasis", which highly coincides with the
compatibility of the self-formulated decoction. The HCZ Decoction combined with basic Western
medical treatment can significantly improve the nasal symptoms and sleep quality of children
with moderate to severe AH accompanied by AR. Its curative effect may be achieved by
regulating the local inflammatory response rather than reducing the volume of the adenoids. TCM
literature supports that ‘the intermingling of phlegm, blood stasis, and dampness’ is the core
pathogenesis of AH. This decoction provides a safe and effective non-surgical treatment option
for clinical practice.

Keywords: Adenoid Hypertrophy; Allergic Rhinitis; Decoction

1. Introduction

AH is a common disease in pediatric otorhinolaryngology, which has a high incidence during
the physiological AH period of children aged 4 to 6 years. Epidemiological surveys show that its
incidence rate is as high as 30%-40% (Tse et al., 2023). The occurrence of this disease is closely
related to AR, recurrent upper respiratory tract infections, obesity, atopic constitution, and genetic
factors (Niedzielski et al., 2023). In addition to local symptoms such as nasal obstruction,
rhinorrhea, and sinusitis, the most serious complication of AH is obstructive sleep apnea
hypopnea syndrome (OSA), which can lead to the disruption of children's nighttime sleep
structure. Consequently, it can trigger attention deficit hyperactivity disorder (ADHD) during the
day, abnormal emotional behaviors, and disorders of nighttime growth hormone secretion,
affecting neurocognitive development and physical growth (Shivnani et al., 2023). Moreover, the
long-term state of mouth breathing can lead to abnormal maxillofacial development (adenoid
facies), increase the difficulty of orthodontic treatment, and induce secretory otitis media through
eustachian tube dysfunction, thus affecting auditory function (Shivnani et al., 2023; Zhang et al.,
2024).

With the transformation of the modern medical model and the update of health concepts, the
standardized diagnosis and treatment of AH have increasingly received attention. As the gold
standard treatment method, adenoidectomy's curative effect is influenced by factors such as the
age of the child patient, atopic constitution, and the mucosal repair ability after surgery (Randall,
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2020). Conservative drug treatment (nasal glucocorticoids + leukotriene receptor antagonists) has
a certain curative effect on children with AH complicated by AR (Eldegeir et al., 2023). However,
studies have shown that about 9% of cases require secondary surgical intervention (Schupper et
al., 2018). In clinical practice, some parents refuse surgery due to concerns about surgical risks or
ethical issues, and simply using Western medicine treatment often fails to achieve the expected
results (Zwierz et al., 2024). Therefore, exploring a safe and effective integrated traditional
Chinese and Western medicine treatment plan is of great clinical significance.

Based on the TCM pathogenesis theory of "intermingling of phlegm and blood stasis", this
study proposes the therapeutic method of "resolving phlegm, removing dampness, and promoting
blood circulation to remove blood stasis". It is planned to combine a self-formulated TCM
decoction with Western medicine treatment to improve the clinical symptoms of children patients.
The aim of this study is to verify the clinical efficacy of this decoction through a retrospective
study. With the support of bibliometric research, this study aims to provide evidence support for
the TCM clinical non-surgical treatment of AH.

2. Materials and Methods
2.1. General Information

Children's cases that met the diagnostic criteria for AH and AR (Ahmad et al., 2023; Cheng et
al., 2024), were treated at the outpatient department of the Otolaryngology Department of our
hospital from January 2022 to December 2024, had complete information, and were under 12
years old were collected. A total of 84 cases that met the inclusion criteria and exclusion criteria
were included in the study. The general information of the cases, including age, gender, body
mass index (BMI), the degree of AH, etc., was collected.

2.2. Clinical Information
2.2.1 Inclusion and Exclusion Criteria
Inclusion Criteria:

(D Children who meet the diagnostic criteria for OSA and AR, do not meet the surgical
indications such as adenoidectomy and need to receive conservative treatment as evaluated by
doctors, as well as children who meet the surgical indications but whose guardians insist on
choosing conservative treatment and are willing to follow the research protocol for TCM
intervention; @ Children under 12 years old; 3 Children who meet the syndrome type of
deficiency of qi in the spleen and lung with intermingling of phlegm and blood stasis; @) The
guardians of the children have a full understanding of the research purpose, methods, possible
benefits and risks, and voluntarily sign the informed consent form; & Children who are willing to
accept the TCM treatment plan and are willing to cooperate with the requirements of various

examinations, follow-ups during the entire research process.
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Exclusion Criteria:

(D Children suffering from serious diseases of important organs such as the heart, liver, kidney,
and lung, or suffering from malignant tumors and hematological diseases; @ Children with a
clear history of allergy to the traditional Chinese medicine or related drug components to be used
in the study; 3 Children who have received other systemic treatments that may affect the results
of this study within 4 weeks before the start of the study; @ Children or their guardians who
cannot cooperate well with the study, such as being unable to take medicine on time or attend
follow-ups on time; & Children with mental diseases who are unable to cooperate with the

treatment, or those who are in the acute infection period and are not suitable for the study of

traditional Chinese medicine treatment.
2.2.2. Research Grouping

The study was conducted in a retrospective analysis and parallel control manner. According to
whether the self-formulated decoction was taken or not, the cases were divided into two groups:
the non-decoction group (41 cases) and the decoction group (43 cases). The non-decoction group
was treated with mometasone furoate nasal spray (100 pg/d) + montelukast (4-5 mg/d) for 2
weeks, combined with cetirizine (5-10 mg/d) for anti-allergy. On this basis, the decoction group
was additionally given the HCZ Decoction (including tangerine peel, Poria cocos, Pinellia ternata,
licorice, Arisaema cum Bile, peach kernel, Spina Gleditsiae, etc.), one dose per day, taken after
breakfast and dinner, with a treatment course of 2 weeks.

2.2.3. Observation Indicators

Baseline clinical data within one week before the start of treatment and outcome clinical data at
the end of treatment were collected for the enrolled cases, including the degree of AH under
endoscopy, OSA - 18 score, TNSS score, and PSG test results.

Endoscopic evaluation: Nasal fibro — nasopharyngoscopy was used for examination. The color
and swelling degree of the nasal mucosa, the size of the turbinate, the condition of secretions in
the nasal passages, the degree of obstruction of the posterior nasal choanae by the adenoids, and
the characteristics of the surface secretions of the adenoids were systematically and carefully
observed. The degree of obstruction of the posterior nasal choanae by the adenoids was
determined using a percentage as a quantitative index. Specifically, when the adenoids obstructed
50% of the posterior nasal choanae, it was defined as mild obstruction; when the obstruction ratio
was between 50% (exclusive) and 75% (inclusive), it was classified as moderate obstruction; if
the obstruction ratio was greater than or equal to 75%, it was determined as severe obstruction
(Varghese et al., 2016).

OSA-18 score: As an evaluation method for pediatric snoring, it is divided into five aspects:
sleep impact, physical symptoms, emotional impact, daytime state, and impact on guardians, with
a total of 18 items (Alimoglu et al., 2020). In this study, an evaluation rule of 1-7 points was
adopted. 1 point indicated no such problem, 2 points indicated almost none, 3 points indicated
rarely, 4 points indicated sometimes, 5 points indicated often, 6 points indicated mostly, and 7

points indicated definitely. A score <= 60, 60 - 80, > = 80 points represented mild, moderate,
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and severe impacts on the child's life, respectively. The total OSA-18 score was the sum of the
scores of the five aspects, ranging from 7 to 126 points. The evaluation times were within one
week before treatment and at the end of treatment.

TNSS score: It is used for the evaluation of nasal symptoms of AR. In this study, it was used
for the evaluation of nasal symptoms of AH complicated by AR. The evaluation was divided into
four dimensions: nasal congestion, nasal itching, runny nose, and sneezing. Each dimension used
a scoring range of 0-3 points. The more severe, the higher the score of the symptoms. 0 points
corresponded to no such symptoms; 1 point corresponded to mild symptoms that did not trouble
daily life; 2 points corresponded to moderate symptoms that made the patient feel troubled but did
not interfere with normal activities or sleep; 3 points corresponded to severe symptoms that
seriously affected daily activities and sleep status (Cheng et al., 2024). The total TNSS score was
the sum of the scores of the four dimensions, ranging from 0 to 12 points. The evaluation time
points were set within one week before treatment and at the end of treatment.

Sleep evaluation: PSG testing was used for the objective evaluation of OSA. The whole - night
sleep monitoring method was adopted for PSG, with a monitoring time of more than 7 hours.
Information such as nasal airflow, blood oxygen, heart rate, respiratory movement, body position,
and snoring was collected. Two people manually interpreted the monitoring data to obtain a report.
With OAHI > = 1 as the diagnostic standard for OSA (Ahmad et al., 2023), the OAHI and
LSa0O2 indicators were collected. The evaluation time points were set within one week before
treatment and at the end of treatment.

2.3. Bibliometric Research Method

The bibliometric analysis of the literatures retrieved from CNKI and Wanfang databases was
carried out using the tool Citespace 6.3. The search terms were "adenoid hypertrophy", the search
scope was set as "title", the search time range was set from January 2000 to December 2024, and
the literature type was set as journal articles. Manually, the articles that met the requirements
related to the traditional Chinese medicine treatment of adenoid hypertrophy were selected
according to the titles and abstracts.

The bibliographic citation information of the literatures in ref format was exported and then
imported into the Citespace software. Duplicate literatures were screened out, and a total of 2,237
literatures were finally counted. Appropriate time slices, node types, and threshold parameters
were set in the software interface. The network visualization effect and analysis precision were
adjusted, and the analysis was run to generate a knowledge graph. The co-citation relationships
among the "keywords" of the literatures, the ranking of hotspots, the time series of article
publication, and the relationships among the publishing institutions and authors were presented.

2.4. Statistical Method

The SPSS 24.0 software was used. For the comparison of continuous variables between groups,
one-way analysis of variance was adopted, and the test level was set as a = 0.05. A P value less
than 0.05 indicated that the difference was statistically significant. The general linear model
repeated measures test was used for the detection of repeated measurement data in the two groups.
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3. Results

3.1. Comparison of General Information between the Decoction Group and the Non-
decoction Group

A total of 84 cases were included in the study, with 43 cases in the decoction group and 41
cases in the non-decoction group. The average ages of the two groups were 6.37 years old and
5.65 years old respectively. According to the BMI values of the cases, they were divided into two
categories: normal and overweight. Among them, the overweight cases in the decoction group
accounted for 11.63% (5/43), and those in the non-decoction group accounted for 17.07% (7/34).
The body weights of the cases in both groups were mainly within the normal range. The degrees
of adenoid hypertrophy in both groups were mainly moderate to severe, accounting for 79.07%
(34/43) in the decoction group and 82.93% (34/41) in the non-decoction group.

There were no significant differences in age, gender composition, body weight characteristics,
and the degree of adenoid hypertrophy between the cases in the decoction group and the non-
decoction group (p > = 0.05, see Table 1). The general information levels between the groups

were consistent, indicating comparability.

Table 1. Comparison of the general data between the decoction group and the non-decoction group

cases  gender age BMI AH
male female normal Over 0 1 2
weight
decoction 43 22 21 6.37+2.39 38 5 9 16 18
group
non- 41 24 17 5.65£2.09 34 7 7 13 21
decoction
group
P value - 0.519 0.150 0.544 0.689

3.2. Comparison of Baseline Data of Clinical Observations between the Decoction Group
and the Non-decoction Group

The baseline statistics of clinical data for the decoction group and the non-decoction group
included the total OSA-18 score, the total TNSS score, and the values of OAHI and LSaO2 from
PSG. There were no significant differences in the above-mentioned scores and values between the
two groups (p> =0.05, see Table 2). The levels of clinical observation data between the groups
were consistent, indicating comparability. The OSA-18 scores were mainly at the moderate level,
suggesting that AH had a moderate impact on the lives and daily activities of the children. The
enrolled children mainly had mild to moderate OSA.
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Table 2. Comparison of the baseline data before treatment between the decoction group and the non-
decoction group

OSA-18 TNSS(total) OAHI LSaO»
decoction group 70.58+2.71 7.27+1.29 5.06+1.65 88.12+1.87
non-decoction 70.90+2.93 6.92+1.31 4.87+1.66 88.26+1.92
group
P value 0.604 0.219 0.598 0.757

3.3. Comparison of Observation Indicators of Adenoid Hypertrophy between the Decoction
Group and the Non-decoction Group

The scores of the five aspects of OSA-18, namely sleep impact, physical symptoms, emotional
impact, daytime state, and impact on guardians, were statistically analyzed respectively. It was
found that after treatment, the scores of all items and the total score of all cases were lower than
the baseline scores before treatment. The results of the test using the general linear model for
repeated measures are shown in Table 3.

Between-group effect: There was a significant between-group difference in the total OSA-18
score between the two groups (p < 0.001); specifically, in terms of the four aspects of treatment's
impact on sleep, body symptoms, daytime state, and impact on guardians, there were between-
group differences in the scores (p < 0.001, p <0.001, p=0.002, p <0.001).

Time effect: The total OSA-18 score and the scores of all five aspects decreased after treatment,
and there were significant differences in the scores of the cases before and after treatment (p <
0.001).

Interaction effect between group and time: There were differences in the changing trends of the
total OSA-18 score and the scores of all five aspects before and after treatment between the two
groups (p < 0.001, p <0.001, p=0.008, p=0.004, p=0.004, p <0.001), indicating an interaction
effect. There were differences in the treatment scores between the decoction group and the non-
decoction group.

Table 3. Comparison of the OSA-18 scores before and after treatment between the decoction group and
the non-decoction group

sleeping Body mood daytime guidians Total
symptom

before after before after befor after before after before after before after

[§

deco 1693 6.60+ 1620 820+ 6.34+ 453+ 10.86 525+ 2023 11.88 70.58 36.46
ction +1.54 123 +142 096 125 0.63 £1.31 095 137 #£1.19 =£2.71 +2.59

grou
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non- 12.60 946+ 1641 946+ 6.58+ 475+ 1095 6.41+ 2034 14.04 7090 44.14
deco =£1.61 138 146 1.14 1.30  0.85 +1.49 1.04 £1.29 £1.70 +293 +3.31
ction

grou

p

treatment

P <<0.001 <<0.001 <<0.001 <<0.001 <0.001 <0.001
value

n2 0.947 0.938 0.949 0.907 0.938 0.981

treatment*grouping interaction

P <<0.001 0.008 0.004 0.004 <<0.001 <<0.001
value

n? 0.372 0.082 0.000 0.097 0.230 0.429
grouping

P <<0.001 <0.001 0.246 0.002 <<0.001 <0.001
balue

n? 0.290 0.144 0.016 0.109 0.237 0.517

3.4. Comparison of Nasal Symptoms of Allergic Rhinitis between the Decoction Group and
the Non-decoction Group

The scores of the four dimensions of TNSS, namely nasal congestion, nasal itching, runny nose,
and sneezing, were statistically analyzed respectively. It was found that after treatment, the scores
of all items and the total score of all cases were lower than the baseline scores before treatment.
The results of the test using the general linear model for repeated measures are shown in Table 4.

Between-group effect: The total TNSS score and the scores of all four dimensions decreased
after treatment, and there were no significant differences in the scores of the cases before and

after treatment between the two groups (p >= 0.05).

Time effect: The total TNSS score and the scores of all four dimensions decreased after
treatment, and there were significant differences in the scores of the cases before and after
treatment (p < 0.001).

Interaction effect between group and time: There were differences in the changing trends of the
total TNSS score and the scores of nasal congestion and sneezing before and after treatment
between the two groups (p < 0.001, p < 0.001, p = 0.006), indicating an interaction effect. There
were differences in the total TNSS score, the scores of nasal congestion and sneezing treatment
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between the decoction group and the non-decoction group, while there were no differences in the

symptoms of nasal itching and rhinorrhea.

Table 4. Comparison of the TNSS scores before and after treatment between the decoction group and the
non-decoction group

Nasal obstruction itching rhinorrhea sneezing total

before after before after before after before after before after

decocti  2.53+0. 0.69+0. 1.02+0. 0.23+0. 2.00£0. 1.32+0. 1.72+0. 10.9£0. 7.27+1. 3.34+1.
on 50 70 85 47 65 47 59 29 29 13

group

non- 2.34+0. 1.24+0. 1.07£0. 0.48+0. 2.02+0. 1.31+£0. 1.48+0. 1.19+0. 6.92+1. 4.24+1.

decocti 57 66 78 59 68 47 55 40 31 13
on

group

Treatment

Pvalue <<0.001 <<0.001 <<0.001 <<0.001 <<0.001
n? 0.778 0.480 0.527 0.420 0.855

Treatment*grouping interaction

P value <<0.001 0.198 0.820 0.006 <0.001
n? 0.182 0.020 0.0.001 0.088 0.173
grouping

P value 0.092 0.244 0.939 0.441 0.221
n? .034 .017 0.000 0.007 0.018

3.5. Comparison of Sleep Observation Indicators between the Decoction Group and the
Non-decoction Group

The scores of the two dimensions of PSG, namely OAHI and LSaO2, were statistically
analyzed. It was found that after treatment, the OAHI scores of all cases were lower than the
baseline values, and the LSaO2 scores were higher than the baseline values. The results of the test
using the general linear model for repeated measures are shown in Table 5.

Between-group effect: The OAHI score decreased after treatment, and the LSaO2 score
increased after treatment. There were no significant differences in the scores of the cases before

and after treatment between the two groups (p > = 0.05).
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Time effect: The OAHI score decreased after treatment, and the LSaO2 score increased after

treatment. There were significant differences in the scores of the cases before and after treatment
(p <0.001).

Interaction effect between group and time: There were no differences in the changing trends of
the scores of the two dimensions of OAHI and LSaO2 before and after treatment between the two
groups (for the scores of the two dimensions of OAHI and LSa02), indicating no interaction
effect. There were no differences in the scores of the two dimensions of OAHI and LSaO2

between the decoction group and the non-decoction group before and after treatment.

Table 5. Comparison of the PSG-related scores before and after treatment between the decoction group
and the non-decoction group

OAHI LSaO»

before after before after
decoction group 5.06+1.65 0.53+0.63 87.72+2.02 96.02+2.09
non-  decoction 4.87+1.66 046+0.55 88.43+1.89 96.14+2.18
group
Treatment
P value <<0.001 <0.001
n? 0.882 0.895

treatment*grouping interaction

P value 0.740 0.330
n? 0.001 0.0.012
grouping

P value 0.518 0.207
n? 0.005 0.019

3.6. Bibliometric Analysis of Traditional Chinese Medicine Treatment for Adenoid
Hypertrophy

According to the bibliometric analysis and statistics, the keywords in terms of citation quantity
and ranked by time are as follows: Yu Jingmao, deficiency of qi in the lung and spleen, nasal
obstruction, TCM clinical practice, children, review, curative effect, external treatment method,
pediatric tuina, and data mining.
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Pediatric tuina and data mining are relatively hot keywords in recent years (Figure 1, A). In terms
of the results of keyword clustering hotspots, the top 10 ranked keywords are: clinical experience,
children, deficiency of qi in the spleen and lung, pediatric tuina, snoring and sleeping, data mining,
experience of famous doctors, review, curative effect, intermingling of phlegm and blood stasis,
Erchen Decoction, TCM, staged treatment, Yu Jingmao and children (Figure 1, B, C).

A Top 10 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2014 - 2024
B2 2015 2.6 2015 2017
FRESE 2016 1.99 2016 2017
8% 2016 1.86 2016 2017
EEER 2017 1.43 2017 2019
AL 2014 1.57 2019 2020
ik 2015 143 2019 2020
ST 2014 253 2020 2022
SeEE 2021 178 2021 2022
FEZ 2017 177 2021 2024

HiRisiRE 2022 223 2022 2024
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Figure 1. Cluster Analysis and Hotspot Analysis of Keywords in the Treatment of AH in Children with
TCM

Arranged in chronological order, the articles summarizing the clinical experience of TCM
treatment for AH in children have the longest citation time span, showing a uniform distribution
from 2014 to 2024. The citations of articles on data mining of TCM treatment for AH in children
have increased significantly in the past five years.

Among the authors of the published articles, the top three most cited are Jiang Zhiyan, Liu
Zhuyun, and Ren Xianzhi. Among the institutions of the published articles, the top three most
cited are Longhua Hospital Affiliated to Shanghai University of Traditional Chinese Medicine,
Shanghai University of Traditional Chinese Medicine, and the Seventh Hospital Affiliated to
Shanghai University of Traditional Chinese Medicine.
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Figure 2. Arrangement of Keywords and author citation in Chronological Order and Co-occurrence of
Institutional Co-citations

4. Discussion

According to modern medical concepts and relevant guidelines (Ahmad et al., 2023; Joseph
et al., 2025), for AH, the conservative treatment methods mainly focus on the application of nasal
glucocorticoids and leukotriene receptor antagonists. In addition, some research reports have
pointed out that second-generation antihistamine drugs play a certain role in controlling nasal
symptoms and ear complications (Velentza et al., 2020). In the field of treating AR in children,
nasal glucocorticoids and second-generation antihistamine drugs have been clearly listed as the
preferred treatment options. At the same time, the importance of immunotherapy, health
education, and nursing has also been emphasized (Pavon-Romero et al., 2021).

However, in clinical practice, even if children meet the surgical indications for AH, some
parents still prefer conservative treatment. Behind this phenomenon, there are both subjective
factors such as cultural differences and many objective factors. For example, surgery cannot
completely cure AR, and it may be complicated by chronic sinusitis after surgery. There may
even be a situation where the AH again and require reoperation. Relevant studies have shown that
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factors such as the first surgical age being less than 2 years old, frequent upper respiratory tract
infections, suffering from AR, and genetic factors are all risk factors for secondary
adenoidectomy (Lee et al., 2018). Moreover, eustachian tube dysfunction after surgery is
relatively common, and it often requires repeated tympanic membrane puncture or even tube

insertion to improve hearing (Diksha et al., 2022).

It can be seen that relying solely on modern medical drug treatment is difficult to fully meet the
clinical needs of conservative treatment for AH. Therefore, exploring new treatment options to
further improve the treatment effect and meet the actual clinical needs is of great practical
significance. Traditional medicine has shown significant advantages in the treatment of AH and
AR and has gained widespread cultural recognition in China. Many domestic research reports
have shown that TCM and non-drug external treatment methods of TCM can effectively improve
the symptoms of AH and the clinical manifestations of AR (Sun et al., 2019; Zhang et al., 2020).

Based on a systematic summary of previous research reports and personal clinical experience,
this study uses a self-formulated HCZ Decoction to treat children with AH complicated by AR,
aiming to observe the clinical efficacy of this decoction on the basis of standard modern drug
treatment.

The results of this study showed that the clinical symptoms of OSA in all the included cases
improved after treatment. The OSA-18 score decreased from moderate to mild after treatment,
indicating that both the treatment in the decoction group and the non-decoction group was
effective, and the treatment effect of the decoction group was better than that of the non-decoction
group, with a between-group difference. This superiority was manifested in five aspects: sleep
impact, body symptoms, mood impact, daytime state, and impact on guardians. The conclusion of
this study is consistent with the viewpoints reported in previous studies (Zhang et al., 2020; Zhao
et al., 2023).

In terms of the improvement of nasal symptoms, although the decoction group did not show
superiority compared with the non-decoction group, the improvement trends of nasal obstruction
and sneezing symptoms were different from those of the non-decoction group, suggesting that the
decoction group still had advantages in the treatment of nasal symptoms, which was in line with
the viewpoints in the previous literatures on the treatment of AR in children with TCM (Zhang et
al., 2020). However, there were no differences in the trends and effects of improving OAHI and
LSa02 between the two groups, indicating that the treatment with this decoction may not have

shown advantages in improving objective scores.

The bibliometric study suggested that the treatment of AH with TCM focused more on the
experience summary of famous veteran Chinese medicine doctors and the mining of clinical data.
The clinical syndrome differentiation mainly focused on deficiency of qi in the spleen and lung
and the intermingling of phlegm and blood stasis. Taking Erchen Decoction as an example, the
medication focused on removing dampness, resolving phlegm, and promoting blood circulation to
remove blood stasis, providing literature support for the composition of the decoction in this study.

The innovation of this study lies in combining clinical observation with bibliometric research,
analyzing the clinical impact of the method of resolving phlegm, removing dampness, and
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promoting blood circulation to remove blood stasis in the treatment of AH, and providing a
reference basis for the conservative treatment of AH complicated by AR with traditional medicine
in clinical practice. The deficiency is that further follow-up was not carried out to explore the
long-term effects of AH treatment. The sample size of this study still needs to be expanded to
clarify the impact of treatment on objective evaluation results.
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Abstract

To report a case of an 81-year-old female with scleritis due to eosinophilic granulomatosis with
polyangiitis (EGPA) and emphasize the importance of accurate diagnosis and appropriate
management. The patient's initial symptoms, including scleritis and systemic manifestations such
as recurrent fever, were observed. Laboratory tests, imaging studies, ANCA testing, and bone
marrow biopsy were performed for diagnosis. Treatment with methylprednisolone and
cyclophosphamide was administered, and the response was monitored by observing the resolution
of scleritis and normalization of blood parameters. The patient was initially misdiagnosed.
However, through comprehensive examinations, the EGPA diagnosis was confirmed. The
treatment was effective, with the scleritis being resolved and blood parameters returning to
normal. EGPA is a rare ANCA-associated vasculitis with complex and non-specific
manifestations. ANCA is a significant biomarker, and comprehensive laboratory testing is crucial
for accurate diagnosis. Treatment consists of induction and maintenance phases.
Ophthalmologists should be aware of the possibility of systemic autoimmune diseases in scleritis
patients, especially those with eosinophilia and systemic symptoms, and cooperate with internal

medicine specialists for optimal patient management.

Keywords: Eosinophilic Granulomatosis with Polyangiitis; ANCA; Scleritis; Autoimmune
Disease; ANCA-associated Vasculitis

1. Introduction

Eosinophilic Granulomatosis with polyangiitis (EGPA), formerly known as Churg-Strauss

syndrome, is the rarest form of antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
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(AAV) (Churg & Strauss, 1951; Jennette et al., 2012; Kitching et al., 2020). It is characterized by
eosinophil-rich granulomatous inflammation and vasculitis affecting small to medium-sized
vessels, with an annual prevalence ranging from 10.7 to 17.8 cases per million*. As an
uncommon disease, EGPA is distinguished by a wide range of clinical symptoms that might
change at different points in the disease's natural history. Systemic vasculitis frequently
progresses quickly, and in about half of patients, systemic symptoms are accompanied by clinical
signs of a vasculitis process, including purpura, scleritis, alveolar hemorrhage, extracapillary
glomerulonephritis, and involvement of the peripheral nervous system (Furuta et al., 2019; Lutalo
etal., 2014).

Since EGPA can progress to organ- or life-threatening diseases, we must be on the lookout for
patients who have scleritis along with systemic symptoms, particularly those who have elevated
eosinophils and ANCA levels. In this report, we present a case of scleritis caused by
granulomatosis with EGPA, although the local features of scleritis in this case are not specific, the
findings of pertinent tests can aid in the early diagnosis of EGPA.

2. Case Presentation

An 81-year-old female patient presented with the chief complaints of recurrent fever for half a
year and redness in the right eye accompanied by decreased visual acuity for more than one
month. The patient had a history of hypothyroidism and sinusitis in the past. In the recent half
year, she had experienced fatigue, recurrent low fever, numbness in the limbs, and weight loss.
She denied a family history of trauma and hereditary diseases.

At the time of consultation, the best corrected visual acuity (BCVA) of the right eye was 0.25,
and the intraocular pressure was 15 mmHg (1 mmHg = 0.133 kPa). The sclera was congested
with a dark red color (Figure 1), and the lens was opaque (C2N2PO). The optic disc in the fundus
had a normal color and a clear border, with the cup-to-disc ratio (C/D) approximately 0.3 and the

arteriovenous ratio (A:V) approximately 1:2. The reflection of the fovea centralis was unclear.

Figure 1. This is an anterior segment photograph of the patient taken at the time of presentation. The
sclera is dark red with edema and there is a decrease in vision.
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The results of auxiliary examinations were as follows:

(1) Blood routine: The white blood cell count (WBC) was 11.4 x 10°/L (elevated), the
percentage of neutrophils (NEUT%) was 78.6% (elevated), the percentage of lymphocytes
(LYM%) was 9.6% (decreased), the neutrophil count (NEUT) was 8.96 x 10%L (elevated), and
the eosinophil count was 0.53 x 10°/L (elevated).

(2) Comprehensive biochemistry: The rheumatoid factor (RF) was 32.4 IU/ml, and the C-
reactive protein (CRP) was 67.21 mg/L.

(3) Coagulation panel: The fibrinogen (Fib) was 4.6 g/L, the D-dimer was 1.8 mg/L, and the
fibrinogen degradation products (FDP) were 7.1 mg/L.

(4) Seven items of thyroid function: Triiodothyronine (TT3) was 0.85 nmol/L, free
triiodothyronine (FT3) was 2.66 pmol/L, thyroid-stimulating hormone (TSH) was 6.00 mIU/L,
anti-thyroglobulin antibody (TG-Ab) was 222.4 IU/ml, and anti-thyroid peroxidase antibody
(TPO-Ab) was 360.54 IU/ml.

(5) Screening for rheumatic immune diseases: Anti-centromere antibody (CENP-B) was 93.17
RU/ml.

(6) Detection of respiratory viruses: Antibodies to common respiratory viruses were all

negative.

(7) Inflammatory panel: Interleukin-6 (IL-6) measurement was 25.5 pg/ml.

Figure 2. The patient was found to have a cuspidate wave-like folding of the choroid and retina in the
macula by OCT examination.

52



Advances in World Medical Research, 2025, 1(1), 50-60 ‘@_
https://doi.org/10.71204/7agtqd88 Cscrotar

(8) Tests for eight items of infectious diseases, hepatitis A antibody, and hepatitis E antibody
were all negative.

(9) Electrocardiogram showed sinus rhythm, right ventricular conduction delay, moderate left
axis deviation, and no other significant abnormalities.

(10) Optical coherence tomography (OCT) of both eyes: The choroid in the macular area was
thickened, and there were wavy folds in the retina and choroid (Figure 2).

(11) Fluorescein fundus angiography (FFA) and indocyanine green angiography (ICGA)
indicated choroidal edema in the right eye and scleritis in the right eye.

(12) Ocular B-ultrasound showed thickening of the right sclera with the "T" sign (Figure 3).

Gain=37dB Dyn=704B Tge=104E

Figure 3. The patient presents with the classic "T-sign"

(13) Plain CT scan of the paranasal sinuses: The mucous membranes of the bilateral maxillary
sinuses, part of the ethmoid sinuses, and sphenoid sinuses were thickened.

(14) Color Doppler ultrasound of organs and blood vessels throughout the body: There were
no significant abnormalities in the liver, gallbladder, pancreas, and spleen; there were bilateral
renal cysts; the uterus was in the postmenopausal state; the bilateral lower extremity arteries
showed atherosclerotic changes accompanied by plaques. Echocardiography showed aortic valve
regurgitation (mild), mitral and tricuspid valve regurgitation (mild), and decreased left ventricular
diastolic function.
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(15) Enhanced orbital MRI scan: The ring of the right eye was thickened with enhancement,
and there were abnormal enhancements in the right lacrimal gland, right orbital apex, and
posterior ethmoid sinuses; there was partial empty sella turcica; there was a slight inflammation in
the bilateral maxillary sinuses; and there was inflammation in the bilateral mastoid processes.

Based on the above examination results, the patient was diagnosed with scleritis in the right eye,
sinusitis, and hypothyroidism. She was treated with prednisolone acetate eye drops, 6 times a day,
tobramycin and dexamethasone eye ointment, once a night, pranoprofen eye drops, 4 times a day
for the right eye, and retrobulbar injection of triamcinolone acetonide injection 20 mg +
dexamethasone sodium phosphate injection 2.5 mg + lidocaine injection 0.5 ml for the right eye.
Additionally, a trial treatment was carried out using Cefoperazone sodium 1.5g was administered
intravenously, and Diclofenac sodium pills were taken orally on a daily basis. This regimen
consisted of systemic antibiotics and nonsteroidal anti-inflammatory drugs due to the persistent
uncertainty regarding the cause of the recurrent fever. After three weeks of treatment, the scleritis
in the patient's right eye substantially subsided, and the visual acuity improved. The best corrected
visual acuity of the right eye was 0.6. OCT reexamination showed that the choroidal folds had
mostly disappeared, and the fever had abated. Subsequently, the patient was discharged. However,
two weeks after discharge, the fever recurred, reaching a maximum of 39.2°C. Consequently, the
patient was readmitted to the hospital. After being hospitalized again, laboratory examinations
were conducted. It was found that the level of MPO-ANCA was 246.00 AU/ml (elevated), and
the titer of P-ANCA was 1:20. Flow cytometry of bone marrow demonstrated an increased
proportion of eosinophils. Bone marrow biopsy revealed that the bone marrow hyperplasia was
generally normal, with the proliferation of granulocyte, erythrocyte, and megakaryocyte lineages
accompanied by easily observable eosinophils (Figure 4). The screening results for bone marrow
proliferative neoplasm (MPN) gene mutations were negative. No clonal abnormalities were
detected in the bone marrow chromosome examination.

Figure 4. Bone marrow aspiration: There is a marked increase in the activity of bone marrow cell

morphogenesis, with an increase in the proportion of granulocytes and an increase in the proportion of
acidophilic granulocytes.
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Based on the patient's past medical history, symptoms, physical signs, laboratory test results,
and imaging findings, a diagnosis of eosinophilic granulomatous vasculitis (EGPA) was
confirmed. After the diagnosis was clear, methylprednisolone at a dose of 40 mg once daily was
administered by intravenous infusion, combined with cyclophosphamide at a dose of 0.2 g every
other day. In addition, low-molecular-weight heparin at a prophylactic dose was used for
anticoagulation, and cotrimoxazole was given for infection prevention. After one month of
treatment, the patient's systemic symptoms such as fever and fatigue completely disappeared,
scleritis was completely cured, and both blood routine parameters and immune indexes returned
to normal. The best corrected visual acuity (BCVA) of the right eye improved to 0.8, and no
significant abnormalities were found in the ocular examination. Prednisolone tablets at a dose of
40 mg once daily and cyclophosphamide at a dose of 0.1 g every other day were used for
maintenance treatment, along with liver protection and anticoagulation therapies. During the

follow-up period, the patient's condition remained stable, and there was no recurrence.

3. Discussion

Scleritis is a relatively rare eye disease in clinical practice, accounting for only about 0.5% of
all eye diseases. Its etiology is complex and not fully understood at present. It may be related to
exogenous infection, endogenous infection, and autoimmune diseases (Vergouwen et al., 2020;
Nevares et al., 2020). Scleritis can occur during the onset or before the onset of potentially fatal
systemic autoimmune diseases, therefore, early diagnosis and treatment of scleritis, especially
thorough screening for patients with systemic symptoms, is particularly important.

This case is an example of an autoimmune disease - eosinophilic granulomatous vasculitis
(EGPA) causing scleritis. The patient initially presented with scleritis, but because the systemic
symptoms were mild and presented only low-grade fever, the true underlying cause of the scleritis

was not investigated.

EGPA is a rare clinical disease. The pathological changes mainly involve small and medium-
sized blood vessels, manifesting as systemic necrotizing vasculitis, and it belongs to
antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) (Churg & Strauss,
1951). It was first described by Churg and Strauss in 1951 (Churg & Strauss, 1951). It often
presents initially with asthma, sinusitis, and eosinophilia. After an average period of 3 to 9 years,
it progresses to the vasculitis stage, and the pathological changes can involve multiple tissues and
organs throughout the body. Due to the lack of specificity in its clinical manifestations, it is prone

to misdiagnosis and missed diagnosis (Szczeklik et al., 2011; Keogh et al., 2006).

Currently, there is no formal diagnostic criteria for EGPA. Historically, Lanham et al.
published a set of diagnostic criteria in 1984, but it did not include ANCA testing and had poor
sensitivity for a limited number of disease patients (Lanham et al., 1984). The 2012 revision of
the Chapel Hill Consensus Conference (CHCC) vascular disease nomenclature classified EGPA
as a disease characterized by eosinophilic and necrotizing granulomatous inflammation, typically
involving the respiratory tract, with necrotizing vasculitis predominating, primarily affecting

small to medium-sized vessels, and accompanied by asthma and eosinophilia (Jennette et al., 2013;
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Wechsler et al., 2017). Recently, a practical diagnostic criteria set was proposed by a joint
working group supported by the European Respiratory Society (ERS) and Groupe d'Etudes et de
Recherche sur les Maladies Orphelines Pulmonaires (GERM'O'P), limiting the term EGPA to
patients with positive ANCA tests or those with true vascular inflammation features (Cottin et al.,
2016).

EGPA is usually divided into three overlapping stages: a prodromal period, which may last for
several years, characterized by respiratory symptoms with asthma and sinusitis; the second stage,
accompanied by an increase in blood eosinophils, tissue infiltration of eosinophils, and organ
damage caused by eosinophils; and the third stage, characterized by systemic necrotizing
vasculitis. Once diagnosed with EGPA, the clinical course can progress from an acute, self-
limiting process to multi-organ dysfunction, with a high morbidity and mortality rate (Berti et al.,
2020).

EGPA presented as heterogeneous clinical manifestations that may change at different stages of
the natural course of the disease. Most patients have systemic symptoms such as fever, muscle
and joint pain, and weight loss. Skin involvement manifests as purpura, subcutaneous nodules,
urticaria, skin infarction, reticular purpura, and tense vesicles. The literature reports that 62% of
patients with EGPA have cardiac involvement, but only 26% have clinical symptoms. Cardiac
involvement is the leading cause of death in EGPA (Hazebroek et al., 2015). Peripheral
neuropathy is the most important clinical manifestation of the vasculitis phase of EGPA, affecting
about 2/3 of patients, and presents as multiple mononeuritis, affecting both motor and sensory
nerves (Koike et al., 2012).

ANCA is an important vascular inflammation biomarker in EGPA. The positive rate of ANCA
in granulomatous vasculitis and microscopic polyangiitis can reach 75%-95%. The positive rate
of ANCA in EGPA is 30%-40%, mainly positive for p-ANCA and MPO-ANCA. The prognosis
of EGPA is good, with a 7-year survival rate of 90%. MPO-ANCA positivity, peripheral blood
eosinophilia <3x10%L at diagnosis, and peripheral neuropathy may be risk factors for disease
recurrence (Saku et al., 2018; Durel et al., 2016; Comarmond et al., 2013; Sinico et al., 2005;
Moosig et al., 2013; Tsurikisawa et al., 2017). The levels of p-ANCA and MPO-ANCA in this
case were significantly elevated, which led us to strongly suspect that the patient had EGPA.
Additionally, the patient's persistent fever prompted a bone marrow biopsy, which ultimately
confirmed the diagnosis of EGPA. ANCA-positive patients seem to be more likely to have
vasculitis manifestations. Some studies have found that 43.4% of EGPA patients have ocular
complications, some of which are caused by the use of steroids, such as steroid-induced cataract,
and others may include neuro-ophthalmic diseases, persistent scleritis, uveitis, etc., which can
cause acute damage to visual function, but there are cases of blindness due to this (Turk et al.,
2021; Hinojosa-Azaola et al., 2019).

Therefore, in the future when encountering scleritis patients in clinical practice, especially
those with scleritis accompanied by systemic abnormalities, a comprehensive screening and
evaluation should be conducted to determine any non-ocular conditions related to the diagnosis.
In the diagnostic workup of scleritis, a comprehensive hematological analysis is warranted.

Complete blood count parameters, namely hemoglobin, platelet, and white blood cell counts, in
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conjunction with inflammatory biomarkers such as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR), possess significant value in signifying the existence of an underlying
inflammatory cascade. Furthermore, the assessment of autoimmune serological markers is
indispensable. Antinuclear antibody (ANA), extractable nuclear antigens (including anti-ds-DNA,
anti-histone, anti-Smith, anti-Ro, anti-La, anti-Jo), rheumatoid factor (RF), complement levels
(C3 and C4), antiphospholipid antibodies, as well as the vasculitis autoimmune profile
(encompassing c-ANCA, p-ANCA, atypical c-ANCA, atypical p-ANCA, myeloperoxidase p-
ANCA, proteinase 3 c-ANCA, glomerular basement membrane antibody), are of crucial
importance in formulating a definitive diagnosis of immune-mediated systemic vasculitis
concomitant with scleritis. This comprehensive approach to laboratory testing aids in the accurate
identification and classification of the disease, facilitating appropriate management strategies and

improved patient outcomes.

The treatment of EGPA includes an induction phase and a maintenance phase. The former aims
to relieve the disease, while the latter seeks to prevent recurrence. Prospective studies specifically
targeting EGPA are rare, and most treatment recommendations for EGPA are directed at
symptomatic treatment for specific affected organs. Patients with a confirmed diagnosis of EGPA
should be treated with steroids and immunosuppressants as early as possible to improve prognosis
(Raffray et al., 2020; Fujimoto et al., 2011). After disease control, steroids need to be tapered, but
long-term use of immunosuppressants is still required to reduce the side effects of long-term high-
dose steroids. In addition, close follow-up is needed to monitor the dynamic changes of ANCA
titers and to detect recurrence of the disease as early as possible (Watanabe et al., 2023; Cottin et
al., 2016). For local ocular lesions, in addition to systemic therapy, topical eye drops are more
effective. As our understanding of ANCA-related small vessel vasculitis deepens, the diseases it

causes in the field of ophthalmology will also be given greater attention.

This case reminds us that when scleritis is accompanied by fever and other systemic symptoms,
a thorough physical examination should be performed to determine whether there is a systemic
autoimmune disease. When the blood count shows an increase in eosinophils, it is important to
perform additional tests, such as ANCA, to consider the possibility of EGPA. Ophthalmologists
should be aware of the importance of consulting with internal medicine specialists.
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Abstract

To explore the causal relationship between allergic rhino-conjunctivitis, asthma, and eczema
and peripheral blood eosinophil count from the perspective of single nucleotide polymorphisms
through two-sample Mendelian randomization analysis. Five methods, including inverse variance
weighting, MR-Egger regression, median weighting, simple model, and weighted model, were
used to evaluate the relationship between allergic rhino-conjunctivitis, asthma, and eczema and
peripheral blood eosinophil count. Sensitivity analysis (pleiotropy, heterogeneity, and leave-one-
out test) was used to evaluate the robustness of the results. There was a significant causal
association between SNPs of allergic rhinitis , allergic conjunctivitis, asthma, and eczema and
SNPs of peripheral blood eosinophil count. The sensitivity analysis of SNP instrumental variables
showed no significant heterogeneity or pleiotropy, indicating that the results are robust. Evidence
shows that peripheral blood eosinophil count is associated with an increased risk of allergic rhino-

conjunctivitis, asthma, and eczema.

Keywords: Mendelian Randomization Analysis; Allergic Rhino-Conjunctivitis; Eosinophil Count

1. Introduction

Allergic rhinitis (AR) is a local allergic reaction disease, predominantly presenting with
symptoms such as nasal itching, sneezing, clear nasal discharge, and nasal obstruction. It falls
under type IV hypersensitivity reaction mediated by immunoglobulin E (IgE). Studies have
demonstrated that in patients with AR, there is an infiltration of mast cells and eosinophils in the
local area of the nasal cavity within the peripheral blood. The main pathological changes in the
nasal mucosa mainly involve enhanced vascular permeability, tissue edema, and infiltration of
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mast cells and eosinophils. Clinically, the infiltration of eosinophils in the peripheral blood can be

utilized to predict the hormone resistance status and treatment outcomes of patients.

Allergic diseases are a common category of chronic immune disorders, encompassing AR,
allergic conjunctivitis (AC), asthma, eczema (atopic dermatitis), food allergy, and so on. AR is
frequently accompanied by diseases such as AC, asthma, and eczema, and this is even more
prevalent in seasonal AR. It severely impacts the social life of patients and is often accompanied
by emotional disorders. AR and AC are often collectively referred to as allergic rhino-
conjunctivitis (ACR). The incidence of AR complicated with asthma ranges from 74% to 100%
(Wang et al., 2023), the incidence of AR complicated with AC is between 30% and 71%
(Leonardi et al., 2015), and the incidence of AR complicated with eczema is 9.2% (Camilla et al.,
2020).

Eosinophilic asthma (allergic asthma) accounts for 70% to 80%. The allergic reaction in the
human body mainly refers to the process in which when the same allergen re-enters the body, it
specifically binds to the antibodies on the surface of the sensitized basophil granulocytes (BASO),
leading to the release of bioactive mediators mainly composed of histamine from these cells.
During this process, eosinophils (EOS) among white blood cells exhibit an antagonistic effect
with basophil granulocytes (BASO). EOS release histaminase and arylsulfatase to inactivate the
histamine and leukotrienes released by BASO, phagocytize the particles expelled by BASO, and
simultaneously produce prostaglandin E1 to inhibit the degranulation process of BASO (Ogawa et
al., 2024). Research has revealed that EOS is associated with the onset of allergic diseases such as
ACR and asthma. The release of extracellular vesicles and DNA traps by EOS affects both local
and systemic immune responses, thereby further influencing the pathophysiological processes of
allergic diseases such as airway inflammation, chronic sinusitis, and atopic dermatitis (Weihrauch
et al., 2024). Animal experiments have found that ribonuclease 2 related to EOS in mice can
exacerbate the allergic reaction (Nguyen et al., 2024). The aforementioned studies mainly focus
on observational studies and basic experimental research, and lack evidence of causal associations.
This study aims to start from Mendel's laws of inheritance, use genetic variations strongly
correlated with exposure factors as instrumental variables, and infer the causal effects between
exposure and outcomes at the genetic level. In this study, we employ the method of Mendelian
randomization (MR) to explore the potential causal relationships between EOS and genetic
variations associated with ACR, asthma, and eczema.

2. Methods
2.1. Research Design

This study employed a two-sample Mendelian randomization (MR) method to evaluate the
causal effect relationships between eosinophils (EOS) and allergic rhino-conjunctivitis (ACR),
asthma, and eczema. The MR analysis adheres to the following three core assumptions (Davey et
al., 2020): (1) Association assumption: The instrumental variables of single nucleotide
polymorphisms (SNPs) must be closely related to the exposure factors; (2) Independence
assumption: Genetic variations are independent of the confounding factors that affect both the
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exposure and the outcome; (3) Exclusivity assumption: SNPs can only influence the outcome

through the exposure.
2.2. Data Sources

The data for allergic rhinitis (AR), allergic conjunctivitis (AC), asthma, and eczema were
derived from the Genome-Wide Association Study (GWAS) summary data. AR included 217,914
European individuals with 16,380,461 SNPs, and the summary data was publicly available from
https://gwas.mrcieu.ac.uk/datasets/finn-b-ALLERG RHINITIS/; AR included 218,792 European
individuals with 16,380,466 SNPs, and the summary data was publicly available from
https://gwas.mrcieu.ac.uk/datasets/finn-b-H7 ALLERGICCONJUNCTIVITIS/; Asthma included
361,194 European individuals with 10,443,939 SNPs, and the summary data was publicly
available from https://gwas.mrcieu.ac.uk/datasets/ukb-d-J10_ ASTHMA/; Eczema included
218,792 European individuals with 16,380,466 SNPs, and the summary data was publicly
available from https://gwas.mrcieu.ac.uk/datasets/finn-b-L12 DERMATITISECZEMA/. The
peripheral blood EOS count was obtained from the GWAS summary data, which included
563,946 European individuals, and the summary data was publicly available from
https://gwas.mrcieu.ac.uk/datasets/ieu-b-33/. The research data was sourced from publicly
available GWAS databases, and there were no ethical issues involved.

2.3. Selection of Instrumental Variables

The instrumental variables were required to satisfy the condition that the selected SNPs were
closely related to AR, AC, asthma, and eczema. The threshold for instrumental variables was set
at P < 5x10-8. Linkage disequilibrium (LD) was removed to ensure that the selected SNPs were
independent of each other (Slatkin et al., 2008). The screening criteria were R2 < 0.001 and KB =
10,000, and the screening was carried out using the two-sample MR package in R software. The F
statistic (F = B2/sx2) was calculated to further verify the association assumption and to exclude
the bias of weak instrumental variables (F < 10), so as to determine the final instrumental

variables.
2.4. Statistical Methods
2.4.1. Main Causal Relationship Assessment

In this study, five methods, namely inverse variance weighting (IVW), MR-Egger, weighted
median, simple model, and weighted mode, were used to evaluate the causal relationships
between AR, AC, asthma, eczema, and the peripheral blood EOS count. IVW is the main
evaluation method. When all SNPs are valid instrumental variables, the test efficiency of the IVW
causal relationship is the highest. The MR-Egger regression slope coefficient is used to evaluate
the true causal effect. When there are pleiotropic instrumental variables, the reliability of the
causal evaluation will be affected (Bowden et al., 2015). The weighted median method and the
IVW method complement each other. Even if half of the instrumental variables are invalid, they
can still provide consistent causal relationships. The weighted median method can also be used as
a sensitivity analysis to assess the robustness of the causal association (Bowden et al., 2016). The
simple model and the weighted mode method can be used as auxiliary methods for the causal
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effect test. The results of the causal effect evaluation are usually expressed by the odds ratio (OR)
and the 95% confidence interval (CI).

2.4.2. Sensitivity Analysis

In this study, the heterogeneity of the causal effect was evaluated by the Cochran Q test. When
the result heterogeneity is large, a random effects model is selected; conversely, a fixed effects
model is selected. When P < 0.1, it indicates the presence of heterogeneity (Burgess & Bowden,
2017). MR-Egger and MR-PRESSO were used to test the horizontal pleiotropy in the MR
analysis. When there is no statistical difference between the MR-Egger intercept and zero, it
indicates the absence of pleiotropy (Burgess & Thompson, 2017). The leave-one-out method tests
the effect size of the remaining SNPs by removing SNPs one by one to evaluate the robustness of
the results (Hemani et al., 2018). All data analyses were performed in R software version 4.2.2,
using the Two Sample MR software package (version 4.41).

3. Results
3.1. Determination of Instrumental Variables

The R software was used to screen for single nucleotide polymorphisms (SNPs) that were
closely related to the exposure. The fact that all F statistics were > 10 indicated the absence of
weak instrumental variables. A total of 448 SNPs were extracted as instrumental variables from
the Genome-Wide Association Study (GWAS) data of the peripheral blood eosinophil (EOS)
count. Among them, 440 SNPs were significantly associated with allergic rhinitis (AR), 440
SNPs were significantly associated with allergic conjunctivitis (AC), 154 SNPs were significantly
associated with asthma, and 145 SNPs were significantly associated with eczema.

3.2. Analysis of Main Results

The results of the inverse variance weighting (IVW) method for the peripheral blood EOS
count data suggested a clear causal relationship between allergic rhino-conjunctivitis (ACR),
asthma, eczema, and the risk of the peripheral blood EOS count (Odds Ratio [OR] = 1.507, 95%
Confidence Interval [CI]: 1.383—1.643; OR = 1.335, 95% CI: 1.249-1.428; OR = 1.228, 95% CI:
1.118-1.350; OR = 1.228, 95% CI: 1.161-1.300). The results of the MR-Egger, weighted median,
simple model, and weighted mode methods supported the above conclusions, as shown in Table 1.

Table 1. Results of the Mendelian Randomization (MR) Analysis of the Correlation between Allergic
Rhinitis, Allergic Conjunctivitis, Asthma, Eczema, and the Peripheral Blood Eosinophil Count

Indicators Methods § SE OR (95%CD) P value
AR I\A%Y 0.410 0.044 1.507(1.383, 1.643) <0.01
MR Egger 0.273 0.110 1.314(1.059, 1.631) 0.014
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Simple Mode 0.319 0.210 1.376(0.912,2.074) 0.129
Weighted Median 0.365 0.078 1.440(1.235,1.679) <0.01
Weighted Mode 0.406 0.132 1.501(1.158,1.946) 0.002
AC VW 0.289 0.034 1.335(1.249, 1.428) <0.01
MR Egger 0.229 0.084 1.258(1.067,1.483)  0.007
Simple Mode 0.224 0.176 1.251(0.886,1.768) 0.204
Weighted Median 0.297 0.062 1.345(1.191,1.519) <0.01
Weighted Mode 0.296 0.0987 1.345(1.108,1.632) 0.003
asthma VW 0.003 0.000 1.228(1.118,1.350) <0.01
MR Egger 0.001 0.001 1.001(0.999, 1.004) 0.301
Simple Mode 0.003 0.002 1.003(0.999,1.008) 0.108
Weighted Median 0.003 0.001 1.003(1.002,1.005) <0.01
Weighted Mode 0.002 0.002 1.002(0.998,1.006) 0.374
eczema IVW 0.206 0.029 1.228(1.161,1.300) <0.01
MR Egger 0.0979 0.114 1.103(0.882, 1.378) 0.391
Simple Mode 0.001 0.135 1.001(0.768,1.305) 0.993
Weighted Median 0.086 0.052 1.090(0.984,1.208) 0.098
Weighted Mode 0.057 0.085 1.059(0.897,1.251) 0.500

3.3. Results of Sensitivity Analysis

In the Cochran Q heterogeneity test, the Q values of both the inverse variance weighting (IVW)
method and the MR-Egger method were greater than 0.1, indicating the absence of heterogeneity,
as shown in Table 2. In the leave-one-out method analysis, no single single nucleotide
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polymorphism (SNP) that significantly affected the results and undermined the robustness of the
results was found, as shown in Figure 1.

Table 2. Results of the Sensitivity, Heterogeneity, and Horizontal Pleiotropy Tests of the Instrumental

Variables
Eosinophil Cochran Q value P value
AR 702.63 1.462231e-15
AC 672.76 4.501209e-13
asthma 264.44 4.311666e-08
Eczema 388.45 5.272859e-25
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Figure 1. Sensitivity Test by the Leave-One-Out Method

4. Conclusion

In this study, the publicly available data on peripheral blood eosinophil (EOS) count, allergic
rhino-conjunctivitis (ACR), asthma, and eczema from the Genome-Wide Association Study
(GWAS) database were utilized to conduct a two-sample Mendelian randomization (MR) analysis.
The results showed a significant correlation between the peripheral blood EOS count and the
occurrence of ACR, asthma, and eczema. A potential causal association was found between the
peripheral blood EOS count and the risk of allergic rhinitis (AR), which is consistent with the
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results of previous studies on the peripheral blood EOS count and AR (Pranavi et al., 2024), once
again verifying the causal effect between the peripheral blood EOS count and AR at the gene
level. In this study, the GWAS database was used, and the MR analysis method was adopted to
further explore the associations between EOS and allergic conjunctivitis (AC), asthma, and
eczema. The results suggested a significant correlation between the peripheral blood EOS count
and the occurrence of these three diseases. For the first time, it was proposed that the peripheral
blood EOS count is a risk factor for ACR, asthma, and eczema, and it was found that there are
also causal effects between the peripheral blood EOS count and ACR, asthma, and eczema at the
gene level. The above findings suggest that controlling the peripheral blood EOS count may be
beneficial for the prevention and management of the occurrence and development of ACR,
asthma, and eczema, providing important evidence for future research on drug interventions for
such diseases.

Allergic diseases (such as allergic rhinitis) are caused by the body's abnormal type 2 immune
response to harmless antigens in the environment. They include atopic dermatitis, allergic asthma,
AR, AC, and allergic urticaria, etc. (Cao et al., 2024). These are inflammatory comorbidities with
a genetic predisposition and a chronic and recurrent manifestation. Currently, in the fields of
genomics, transcriptomics, proteomics, epigenetics, metagenomics, and metabolomics, some
biomarkers and potential targets of reference value have been discovered (Hao et al., 2025). EOS
and mast cells are key effector cells in allergies (Gangwar et al., 2021). If the late phase of the
allergic reaction does not subside, it can develop into the chronic stage, that is, the stage of
allergic inflammatory reaction. This involves a large number of mast cells and EOS coexisting in
the inflamed tissues during the late phase and chronic stage. The bidirectional interaction between
them is mediated through cell surface receptors (such as CD48, 2B4 and their respective ligands),
intercellular contact, and the release of mediators (such as various specific granular mediators,
metabolites of arachidonic acid, cytokines, and chemokines), which keeps the allergic
inflammation in a continuous cycle. The latest research has found that the degranulation of EOS
is regulated by the miR-223-3p/FBXW?7 targeting, thereby enhancing the allergic inflammation of
AR. The miR-223-3p/FBXW?7 axis related to EOS provides a new method for the treatment of
AR (Wu et al., 2023). Observational studies (Fernandez et al., 2022) have shown that EOS plays a
central role in the pathophysiology of chronic ocular allergies such as AC in spring and in
maintaining the immune response. Therefore, research on EOS-related cell subtypes, receptors,
and mediator release is helpful for the precise treatment of allergic diseases. The activation state
of EOS in the blood and airways and its state after encountering inflammatory mediators
determine the multiple roles of EOS in type 2 inflammation. Airway epithelial cells play a
sentinel role, which can guide the aggregation and migration of EOS and play an important role in
the pathogenesis of asthma (Steffan et al., 2024). Different from clinical observational studies and
laboratory studies, the GWAS data used in this study has the advantages of a large sample size
and being unaffected by external confounding factors. Therefore, the results are reliable. This
study explains the causal relationship between EOS and ACR, asthma, and eczema at the gene
level, and further confirms the relationship between EOS and allergic diseases as well as the
relevance of the pathological mechanisms. It is a powerful complement to clinical observations
and laboratory research.
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Abstract

To explore the causes of difficulties in removing artificial nasolacrimal duct stents after
implantation, analyze the bony structural characteristics of the nasolacrimal duct and its impaction
causes, and study the structural features of the nasolacrimal duct under paranasal sinus CT, so as
to provide references for clinical practice. The clinical data of 43 patients (44 sides) with
difficulties in removing artificial nasolacrimal ducts after implantation from October 2018 to June
2022 were retrospectively analyzed, including the patients' age, concurrent diseases,
catheterization time, etc. The removal of the nasolacrimal duct was performed under nasal
endoscopy, and 40 patients underwent paranasal sinus CT examination. Among the 44 cases of
difficult tube removal, 43 cases were successfully removed, and 1 case was not removed. The
reasons for the difficulties included the detachment or inversion of the traction wire (30 cases),
the impaction of the tube head ring (11 cases), the fracture of the nasolacrimal duct due to long -
term catheterization (1 case), and suture fixation during the catheterization operation (1 case). The
difficulties in removing artificial nasolacrimal duct stents are related to factors such as the
position of the traction wire, the impaction of the tube body, the degeneration of the nasolacrimal
duct, and nasal diseases. Feasible solutions were also explored. The bony structural characteristics
of the nasolacrimal duct, such as narrowness, curvature, and the influence of surrounding bones,
increase the difficulty of tube removal. The paranasal sinus CT of 40 cases can show that the
structure of the some nasolacrimal duct is different from that of the normal nasolacrimal duct. The
research suggests that clinicians should comprehensively consider various factors to optimize the

treatment strategy, providing a reference for clinical surgeries.

Keywords: Artificial Nasolacrimal Duct; Difficulties in Tube Removal; Nasal Endoscopy; Bony
Structure; Paranasal Sinus CT
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1. Introduction

Artificial nasolacrimal duct implantation surgery is a common treatment for lacrimal duct
stenosis caused by chronic dacryocystitis and other reasons. It can make the lacrimal duct
unobstructed and relieve symptoms such as epiphora, inflammation, and empyema (Nitin et al.,
2022; Xie et al., 2017; Kim et al., 2007; Farat et al., 2021; Fayet et al., 2021). At an appropriate
time after nasolacrimal duct implantation, if the function of the lacrimal duct returns to normal, in
order to reduce complications and prevent the aging of the nasolacrimal duct, the artificial
nasolacrimal duct needs to be removed (Karaca et al., 2019; Deosthale et al., 2023). The
difficulties in removing the nasolacrimal duct may be related to multiple factors. This article
analyzes and summarizes the cases of difficult nasolacrimal duct removal in our department as
follows.

2. Materials and Methods

A retrospective analysis was performed on 43 cases (44 sides) of patients who came to our
department with difficulties in removing artificial nasolacrimal ducts after implantation from
October 2018 to June 2022. The patients' ages ranged from 23 to 72 years old, with an average
age of 43 + 8.1 years old. There were 23 cases with rhinitis, 12 cases with sinusitis, 20 cases with
nasal septum deviation, and 33 cases with inferior turbinate hypertrophy.

The catheterization time of the artificial nasolacrimal duct ranged from 3 months to 30 years.
Three types of catheters were involved, namely silicone - material nasolacrimal ducts, metal -
material nasolacrimal ducts, and artificial synthetic polymer nasolacrimal ducts. The
catheterization methods included traction through the lacrimal punctum and retrograde
implantation through the nose, with standardized lacrimal duct irrigation (Figure 1).

The removal of the nasolacrimal duct was performed under nasal endoscopy in the
otolaryngology department. The nasal cavity was contracted to fully expose the inferior meatus.
The tail end of the artificial nasolacrimal duct in the inferior meatus was searched for under a O -
degree endoscope, and it was clamped and removed with alligator forceps. During the tube -
removal process, the force and direction were adjusted according to the resistance (Figure 2).
According to the increasing difficulty of tube removal, there were the following four situations:
(D The traction wire at the tail end of the nasolacrimal duct fell off or drooped backward, and the
tube wall was not impacted. It could be clamped and removed smoothly; 2 The tube head or tube
body was impacted with resistance. The impacted ring of the nasolacrimal duct was pulled to the
nasal meatus, and the ring was cut and removed; 3 The nasolacrimal duct became deformed and

broken due to long - term catheterization, and it was removed in segments (Figure 3).
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3. Results

Among the 44 cases of difficult tube removal of the artificial nasolacrimal duct, 43 cases were
successfully removed, and 1 case was not removed. In 28 cases, the traction wire at the end of the
nasolacrimal duct fell off, and it could not be directly removed through the nostril. It was
removed under endoscopy. In 2 cases, the traction wire at the end of the nasolacrimal duct
drooped backward to the posterior nostril and could not be directly removed through the anterior
nostril. It was removed under endoscopy. In 11 cases, the ring at the head of the nasolacrimal duct
was impacted and was removed after being cut under endoscopy. In 1 case, the tube body of the
nasolacrimal duct that had been catheterized for more than 30 years was broken into 3 segments
and was removed under endoscopy. In 1 case, the nasolacrimal duct was sutured and fixed during
the catheterization operation, and it could not be removed through the nose. It was removed by
incising the lacrimal punctum.

4. Discussion
4.1. Causes of Difficult Tube Removal and Feasible Solutions

The removal of the nasolacrimal duct often faces various challenges in clinical practice. In this
study, the removal of the nasolacrimal duct was mainly related to the position of the traction wire,
the impaction of the tube body, and the fracture of the nasolacrimal duct due to degeneration. In
this study, in 28 cases, the traction wire fell off, and in 2 cases, it drooped backward to the
posterior nostril, making it impossible to directly remove the tube through the nostril. This was
related to the catheterization time and operation. Long - term catheterization was likely to cause
the traction wire to loosen, and improper operation might also damage the traction wire. However,
a change in the position of the traction suture does not directly lead to difficulties in removing the
nasolacrimal duct.In 11 cases, the ring at the head of the nasolacrimal duct was impacted with
resistance, resulting in difficulties in tube removal. Most patients had nasal diseases, which also
affected the removal of the nasolacrimal duct. In 1 case, the nasolacrimal duct that had been
catheterized for more than 30 years was broken. Due to long - term catheterization, the material of
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the nasolacrimal duct aged, and with the erosion of tears and tissue friction, its structure was
damaged, increasing the difficulty of tube removal. Previous studies have shown that the
nasolacrimal duct itself can cause granulation hyperplasia of the surrounding soft tissues and is
prone to adhere to lacrimal duct secretions, increasing the difficulty of removal, which is
consistent with the viewpoints of this study (Deosthale et al., 2023).Among the 43 patients, there
were 23 cases with rhinitis, 12 cases with sinusitis, 20 cases with nasal septum deviation, and 33
cases with inferior turbinate hypertrophy. These diseases could cause swelling of the nasal
mucosa, increased secretions, change the micro - environment around the nasolacrimal duct,
affect the operation field of tube removal, and might also cause the nasolacrimal duct to be

compressed, deformed, and adhered and impacted (Schleimer, 2017).

Removing the nasolacrimal duct within an appropriate time can prevent complications and
material aging. Some studies have also shown that the implantation of artificial nasolacrimal duct
stents can cause changes in the position of the eyelid (Vu et al., 2022). At present, the use of new
biodegradable nasolacrimal ducts can reduce complications, but the long - term efficacy is still
controversial (Zhan et al., 2017). If preparations with anti - inflammatory and immunosuppressive
effects are used, such as ophthalmic ointment and low - dose mitomycin used by previous teams,
it may reduce the possibility of difficult removal (Masoomian et al., 2021).

4.2. Analysis of the Bony Structural Characteristics of the Nasolacrimal Duct and its
Impaction Causes

The physiological stenosis, curved course, non - uniform thickness of the nasolacrimal duct,
and excessive insertion depth of the nasolacrimal duct are the causes of impaction during difficult
tube removal. Its course is not only curved, but also its diameter is not uniform. It is usually the
widest at the lacrimal sac and gradually becomes thinner when passing through the maxilla. This
feature needs to be paid special attention to during tube removal (Ali, 2023).

In this study, the impaction during the removal of the nasolacrimal duct in 11 cases might be
due to individual anatomical variations, resulting from the special structural problem that the ring
at the head of the nasolacrimal duct is larger than the lumen of the human nasolacrimal duct.
However, impaction is not only a problem of the structure of the tube head of the nasolacrimal
duct, but also related to anatomical depth, physiological stenosis, improper catheterization, and
interference from surrounding tissues. If the angle and position are inaccurate during
catheterization, impaction is likely to occur.Some studies believe that primary acquired
nasolacrimal duct obstruction can lead to changes in the thickness of the periosteum and fibrosis,
which may also be one of the causes of impaction during the removal of the artificial nasolacrimal
duct (Ali, 2021). Long - term inflammatory stimulation can cause thickening and adhesion of the
soft tissues around the artificial nasolacrimal duct, also resulting in impaction of the nasolacrimal
duct (Yazici et al., 2002; Prasad & Ghosh, 2020; Orsolini et al., 2020).

4.3. Analysis and Characteristics of the Nasolacrimal Duct Structure in 40 Cases of
Paranasal Sinus CT

In 12 patients with a history of sinusitis surgery, the mucosa in the paranasal sinuses was
thickened, showing a soft - tissue density shadow. In a small number of patients, the bones around
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the nasolacrimal duct were blurred and thickened due to inflammation. On CT, it was manifested
as the dilation of the nasolacrimal duct, increased density in the lumen, and the spread of
inflammation in the paranasal sinuses to the surrounding area of the nasolacrimal duct, indicating
that sinusitis might cause inflammation and adhesion, affecting the structure and function of the
nasolacrimal duct (Desai et al., 2022; Campos-Navarro et al., 2023). In 23 patients with a history
of rhinitis surgery, there were no obvious changes in the paranasal sinus CT. In 20 patients with a
history of nasal septum deviation surgery, the paranasal sinus CT showed that the deviated part of
the nasal septum compressed the ipsilateral nasal cavity structure, causing different displacements
and deformations of the attachment of the nasolacrimal duct on the lateral wall of the nasal cavity
due to different degrees of compression. In 33 cases with inferior turbinate hypertrophy, the CT
suggested that part of the nasolacrimal duct was locally compressed and deformed.
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