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ABSTRACT

Objective: To explore the abnormal expression of HORMA domain containing protein 1 (HORMAD1) in chronic rhinosinusitis (CRS)
patients and its correlation with the expression of inflammatory factors.

Study Design: Observational study.

Place and Duration of the Study: Department of Otolaryngology Head and Neck Surgery, the Affiliated Huai'an No.1 People's
Hospital of Nanjing Medical University, China, from August 2021 to October 2022.

Methodology: Eighty CRS patients and 80 healthy volunteers participated in this study according to the inclusion and exclusion
criteria. The plasma samples of the patients were collected and the level of HORMAD1 was determined by RT-gPCR methods. Commer-
cially available ELISA kits were used for the detection of the levels of cytokines, and the correlation between HORMAD1 expression
and the level of cytokines was analysed.

Results: HORMAD1 expression was significantly increased in CRS patients as compared to the healthy subjects. Moreover, the results
of ROC curve suggested AUC for HORMAD1 was 0.9442, 95% confidence interval, 0.9057 to 0.9827. IL-1B, TNF-q, IL-6 as well as IFN-y
were all markedly elevated in the CRS group. Positive correlations were found between HORMAD1 expression and the cytokines.
Conclusion: HORMAD1 may trigger an inflammatory response in CRS patients. The results of the current study could be beneficial for

improving the therapeutic efficacy of CRS patients.
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INTRODUCTION

Rhinosinusitis is a common otorhinolaryngological disease. If
inflammation and symptoms persist formore than 12 weeks, it
is named chronic rhinosinusitis (CRS)." CRS is not only one of
the most common upper respiratory tract diseases in the
Western countries but also widely increasing in the Asian
regions.” The epidemiological data demonstrated that the
prevalence of CRS was estimated to be more than 8% in China
according to the nasal polyps diagnostic criteria.’ The preva-
lence of asthma in CRS patients is more than 2 times higher
than in non-CRS patients, which brings great distress to their
work and life. A prior research found that CRS caused a 36%
reductionin patients’ productivity.*
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Dueto the high heterogeneity of CRS, the key links causing CRS
disease are still not very clear, resulting in unsatisfactory
efficacy and refractory clinical characteristics, becoming an
important problem plaguing doctors and patients.” The
previous studies found changes in the inflammatory pattern of
CRS patients in China; furthermore, in the past 20 years, the
comorbidities of CRS and asthma had significantly increased
seriously affecting people’s production and life.® If timely and
effective treatment is not taken, the symptoms of respiratory
infections in patients with CRS will aggravate. If the symptoms
are severe, it will also affect important organs such as skull,
eyes, and lungs.” Early diagnosis and timely intervention are of
greatsignificanceforthe progression ofthe diseasein CRS.

HORMA domain containing protein1 (HORMAD1) isamember of
the cancer/testis antigens (CTAs) family, which may cause
immunogenicity to induce spontaneous antibody responses in
patients’ bodies.® The HORMA domain proteins family is known
to regulate the cell cycle and plays a key role in mitosis and
meiosis.>** HORMAD1 is expressed during gonadal develop-
ment and participates in the progress of meiosis. HORMAD1 is
upstream of ataxia telangiectasia mutated (ATM) kinase activa-
tion, a serine-threonine protein kinase, and the absence of
HORMAD1 interferes with the autophosphorylation of ATMs.®
Thereduction of ATM phosphorylationisthoughttoberelatedto
the cell cycle, apoptosis, and response to DNA damage."
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Numerous researches reported that HORMAD1 may be
involved in the progression in different diseases."”"> Neverthe-
less, there had been no studies reporting the role of HORMAD1
in patients with CRS and its function is also unclear. In order to
explore the mechanism of CRS, gene sequencing has been
conducted and the results revealed differential expression of
HORMADL1 in tissue samples of CRS patients and healthy
people.

The objective of this study was to determine the expression of
HORMADL1 in CRS was detected by bioinformatics and PCR, and
analyse the relationship between HORMAD1 and the inflamma-
toryfactors of patients.

METHODOLOGY

Eighty CRS patients who were hospitalised at the Affiliated
Huai'an No.1 People's Hospital of Nanjing Medical University
between August 2021 and October 2022 were collected. The
tissue samples and peripheral blood samples for 80 CRS
patientsand 80 healthy volunteers were extracted to detect. An
ethical approval and informed patients’ consents were
obtained. The inclusion criteria was subjects diagnosed with
CRS based on the European EAACI Position Paper on Rhinosi-
nusitis and Nasal Polyps published in 2012.* The exclusion
criteriawas subjects who had severe complications of nasal eye
and nasalskullbase, and severe systemic diseases. Atthe same
time, gestational patients were also excluded from this experi-
ment.

Five ml of preoperative peripheral blood samples of patients in
the sinusitis group and control group were taken and the serum
was separated by centrifugation and stored at-80°C, the serum
specimen was taken, and the content of IL-1B, TNF-q, IL-6, and
IFN-y were determined by enzyme-linked immunosorbent
assay (ELISA) kit.

RT-PCR was performed according to invitrogen’s Trizol and
reverse transcription kits and TAKARA’s SYBR Green kit instruc-
tions. The primers for the PCR reaction were synthesised by
Inwei Jieji (Shanghai) Co., Ltd. The reaction conditions were
95°Cfor160seconds; 40 cycles of 95°Cfor 15 seconds, 60°Cfor
15 seconds and 72°C for 45 seconds; 95°C for 15 seconds and
60°C for 15 seconds. Correlation statistical analysis was
performed based on the CT value of each well.

All statistical analysis has been completed by Graph Pad. The
data were expressed as mean + standard deviation, and
Student’s t-test was conducted for comparison between the
groups. The categorical indicators described the number of
cases and percentages of each type. p <0.05 was considered
statistically significant. Area under ROC Curve (AUC) had been
conducted for evaluating diagnostic value of HORMADL1 in
samples. And Pearson’s correlation coefficientwasemployed to
analysethecorrelation betweenthevariables.

RESULTS

Figure 1A shows the differentially expressed genes in tissue
samples of CRS patients, among them, HORMAD1 demons-

trated high expression. The sequence detection extracted 80
samples of CRS patients and healthy subjects, with atotal of 357
differential genes, including 191 upregulated genes and 166
downregulatedgenes, of whichHORMAD1 belongstothe upreg-
ulatedgene (Figure 1B).

The comparison results of HORMAD1 expression level between
the two groups are shown in Figure 2A. HORMADL1 expression
levels were significantly increased in CRS patients as compared
to the healthy subjects. Moreover, the results of ROC analysis
indicated AUC for HORMAD1 was 0.9442, 95% confidence
interval, 0.9057 to 0.9827 (Figure 2B).

~Logio P-value

Figure 1: Differentially expressed genes in CRS. (A) Differentially
expressed genes in tissue samples of CRS patients are showed using the
volcano plots. (B) Differentially expressed genes are exhibited using the
heatmap.Redreferstoup-regulatedgenes,andbluereferstodownregu-
lated genes. (C) The expression of HORMAD1 was analysed in tumour
tissues(G1; n=6)andtumouradjacenttissues(G2;n=18).

Figure 2: HORMAD1 expression levels were significantly increased in
CRS patients. (A) The comparison results of HORMAD1 expression level
betweentwogroups. (B) ROCanalysis. (C) Elevated expressionofinflam-
matory factors in peripheral blood in patients with CRS. (D) Correlation
betweenthelevelof HORMAD1and cytokinesinpatients with CRS.
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Expressions of inflammatory factors were detected and
compared between the CRS patients and healthy subjects. The
results showed in Figure 2C thatIL-1B, TNF-qa, IL-6 as well as IFN-
ywereallmarkedly elevatedinthe CRSgroup.

As shown in Figure 2D, the correlation between HORMAD1 and
thelevel ofcytokineswereexplored. Significantly positive corre-
lations were found between HORMAD1 expression and the
levels of IL-1B (r=0.4026, p=0.0002""), TNF-a (r=0.3286,
p=0.0029"), IL-6 (r=0.3646, p=0.0009") as well as IFN-y
(r=0.4209, p=0.0001"").

DISCUSSION

The previous studies had shown that HORMAD1 was upregu-
lated in various cancers, which was highly consistent with the
current findings. Bian et al. believed that HORMAD1 plays an
important role in gastric cancer progression and could be a
promising prognostic biomarkerand therapeutic target.” Rania
et al. indicated that HORMAD1 was over-expressed in 71% of
TNBC.™ In the current study, the HORMAD1 expression level
wastestedin CRSand healthy groups, and the potential connec-
tion between inflammatory response was analysed in CRS
patients and HORMADL1 expression. The final results of correla-
tion analysis displayed that HORMAD1 expression in peripheral
blood of patients with sinusitis was positively associated with
IL-1B, TNF-a, IL-6 as wellas IFN-y expressions.

Apriorstudy published by Luo etal. investigated the changes of
inflammatory pattern of CRS in Asian areas and mentioned
inflammatory response in CRS patients." Inflammation is the
basic pathological process of many diseases, which canoccurin
tissues and organs in various parts of the body.** The sustained
chronic inflammatory response of CRS can lead to the prolifera-
tion of nasal mucosal goblet cells, increased mucus secretion,
and obstruction of drainage disorders. On the basis of this, it will
cause the mucus in the sinus cavity to be unable to drain and
further stimulate the activation of inflammatory response
cascade expansion and the secretion of purulent secretions in
thenasalmucosa.”

This study found that the levels of IL-18, TNF-a, IL-6, IFN-y in
peripheral blood samples of CRS patients were significantly
increased. IL-1B, TNF-a, IL-6 as well as IFN-y were all known as
pro-inflammatory cytokines, which were synthesised primarily
fromTh1 cells, mediated the cellularimmune response and was
capable of causing cascade amplification of inflammatory
responses inthe local mucosal tissues.” This data indicated the
expression of HORMAD1 was strongly associated with IL-18,
TNF-q, IL-6, and IFN-y expressions in the peripheral blood of CRS
patients. The role of HORMAD1 in chronic inflammatory
response in CRS is a question-worth exploring. The accumu-
lating evidences suggestedthat HORMAD1 isover-expressedin
cancerous tissues with a variety of cancers. To investigate the
mechanism of aberrantly expressed HORMADL1 in tumour cells,
Liu et al.** undertook a study and discovered that abnormally
expressed HORMADL1 in cancer cells causes DNA damage and
disrupts DNA mismatch repair by blocking effective nuclear

localization. A recent study conducted by Ragu et al.”’ also

suggested that DNA damage is usually observed in the early or
precancerous stages of cancer, which is consistent with Liu’s
results. Moreover, it had been reported that DNA damage can
lead to defectsin DNArepair, resulting in weakness in DNA func-
tion, aswellasinductionof cytokinesandlead to auto-inflamma-
tory diseases.”’ Francis et al. showed that damaged human cells
develop persistent chromatin lesions bearing hallmarks of DNA
double-strand breaks (DSBs), whichinitiateincreased secretion
of inflammatory cytokines such as interleukin-6 (IL-6).”* Shane
et al. observed a delayed accumulation of active STAT1 and
inflammatory gene expression, confirming these signals are
drivenby DSBs.”

The authors proposed the hypothesis that HORMAD1 causes
DNA damage, which triggers an inflammatory response, while
thepathologicalnatureofchronicsinusitisisachronicinflamma-
tory response, so the expression of HORMADL1 in CRS patientsis
positively correlated with levels of pro-inflammatory factors,
such as IL-1B, TNF-qa, IL-6, and IFN-y. However, more in-depth
researches should be conducted in the future for validating this
hypothesis. There are still some other limitations. The present
study included only 80 CRS patients and 80 healthy people who
voluntarily participated in the study which may cause some
recruitment bias. In addition, the included samples were rela-
tively small, which may reduce the statistical power. Further
validation of this effect through well-designed clinical trials will
benecessaryinthefuture.

CONCLUSION

HORMADL1 expression levels were significantly increased in
CRS patients and were associated with the levels of pro-inflam-
matory cytokines. HORMAD1 may trigger an inflammatory res-
ponse in CRS patients by causing DNA damage. The results of
the current study indicated that HORMAD1 may be one of the
important indicators in the early process of CRS patient diag-
nosis, and could be beneficial for improving the therapeutic
efficacy of CRS patients.
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