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Purpose: The mortality rate of nasopharyngeal carcinoma (NPC) remains high due to the absence of quick and accurate diagnostic
approaches at its early stage. Our aim is to evaluate the diagnostic value of the elevated expression of Aurora kinase A (AURKA) and
the oxidative stress markers (such as glutathione, superoxide dismutase and malondialdehyde) in serum of NPC patients and to
establish a nomogram model for predicting NPC on the ground of these biomarkers.

Patients and Methods: Serum samples from 93 NPC patients and 94 healthy subjects were collected. Enzyme-linked immunosor-
bent assay (ELISA) was adopted to determine the AURKA level, while oxidative stress markers were measured by commercially
available appropriate kits. Logistic regression was used for NPC predictor identification and nomogram construction. The training and
validation cohorts (3:1) were randomly split up from the participants. Receiver operating characteristic (ROC) curves, calibration
curves, and decision curve analyses (DCAs) were performed to validate the nomogram.

Results: AURKA and malondialdehyde (MDA) levels were significantly high in the NPC population compared to the healthy controls
(P < 0.0001). The nomogram resulted in an area under the curve (AUC) of 0.897 (95% confidence interval: 0.848—0.947) in the
training set and AUC of 0.770 (0.628-0.912) in the validation set. The predicted probability and the actual probability matched well in
the nomogram (P > 0.05). DCAs showed good results too.

Conclusion: Serum levels of AURKA, SOD, and MDA have diagnostic values in NPC. The nomogram based on the identified
biomarkers is favorable for NPC prediction.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignancy arising from nasopharyngeal epithelial cells with a remarkable geographic
and racial distribution.' Due to the lack of early typical clinical symptoms, the majority of NPC patients are in advanced stage
upon first diagnosis, making clinical intervention very challenging. Although plasma EBV-DNA load and EBV serology tests
are frequently used for NPC screening and early prediction in the general population, the resulting low positivity limits their
application.” Therefore, it is necessary to develop novel biomarkers for early diagnosis of NPC.

Maintaining the balance of pro-oxidants and antioxidants can keep the body in a stable redox state and protect
homeostasis. Oxidative stress (OS) results from an imbalance between the production of ROS and the antioxidant
capacity.® In tumors, growing evidence indicates that OS has a complicated relationship with tumor development and
metastasis.* ® There are also studies that have considered OS as markers in the diagnosis and grading of tumors.”® Both

glutathione (GSH) and superoxide dismutase (SOD) are antioxidants that act as free radical scavengers and detoxifying
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agents in cells to neutralize ROS,’ and they are the most commonly declined metabolites detected during OS.'%!
Malondialdehyde (MDA) is the end product of lipid peroxidation,'* which is often used to detect lipid peroxidation
during OS. Prior investigations have demonstrated that MDA is associated with gastric cancer,'® colorectal cancer,'
prostate cancer,'” et al. Serving as a predictive factor for tumor staging and prognosis.'>'® In addition, previous studies

have also explored the associations of GSH, MDA, and SOD with head and neck cancers separately,'’ '

yet their
relationship with NPC staging and prognosis remains unclear.

Aurora kinase A (AURKA) belongs to serine/threonine kinases family and is important for cell-cycle regulation. In
squamous-cell carcinomas of the head and neck (SCCHN), AURKA protein expression was significantly upregulated
compared to the non-tumorous tissues.”*' Similarly, most NPC patients also showed elevated mRNA expression levels of
AURKA in tumor tissues compared with the matched normal tissues.** Cancer metastases and tumorigenesis were influenced
by AURKA, which participated in cancer-promoting processes through regulation of the cell cycle and activation of the
oncogenic signaling pathways, such as p53,% NF-xB,** and ROS.* However, to the best of our knowledge, few investigations
have been known to explore whether AURKA is the key molecular in NPC.

In this study, we aimed at comparing the differences of OS status and AURKA expression between the NPC patients and
the healthy population. In addition, we managed to construct a nomogram model to evaluate the efficiency of the serum
biomarkers in diagnosis and prediction of NPC.

Materials and Methods

Sample Collection
This case—control study recruited 92 NPC patients and 93 healthy subjects from Xiangya Hospital of Central South
University between August 2022 and November 2022. The inclusion criteria were as follows: (a) Patients diagnosed with
NPC confirmed by histopathology; (b) Patients with complete baseline data and laboratory results. The exclusion criteria
included any of the following: (a) Samples showing hemolysis; (b) Patients who recently took anti-inflammatory drugs or
received immunosuppressive therapy; (c) Patients with other cancers or those who received anti-tumor treatment; (d)
Pregnant or lactating women; (e) Patients with incomplete clinical and pathological data. TNM staging was classified
according to the eighth edition of American Joint Committee on Cancer (AJCC) Staging Manual/International Union
Against Cancer. All participants were given informed consent, and this study was permitted by the ethics committee of
Xiangya Hospital of Central South University (No. 202211237).

Each participant was drawn 5 mL of blood from the elbow vein after 12 hours of fasting. The collected blood was
centrifugated at 3000 rpm for 10 minutes and serum samples in the upper layer were isolated and stored at —80°C until
they were required for testing.

Measurement of AURKA, GSH, SOD and MDA

AURKA was determined by a monoclonal antibody-based sandwich human AURKA ELISA kit (Animal Union,
Shanghai, China). Briefly, SOuL of the double-diluted sera as well as standards were added to the microtiter plate well
pre-coated with human AURKA antibody, placed at 37°C for 30 min and washed five times with washing solution. Then,
50uL of HRP-conjugated AURKA antibody were inoculated in the well and incubated at 37 °C for 30 min. Following
five washes, 50uL of TMB solution were dropped to each well and preserved at 37°C for 10 min. After that, S0pL of
termination solution were pipetted to end the reaction and the absorbance of each well was read at 450 nm on an
automatic microplate reader to obtain the concentration of each sample by comparison with the standard curve.

Serum levels of GSH, MDA, and SOD were measured using commercially available kits provided by Nanjing
Jiancheng Bioengineering Institute, Nanjing, China. GSH was measured according to the kit instructions. The principles
and procedures were as follows: GSH reacted with DTNB to produce a yellow compound which had a maximum
absorption peak at 450 nm, thus the GSH content could be calculated by that absorbance on a fully automatic enzyme
reader. MDA test was based on the 2-thiobarbituric acid (TBA) method. MDA from degraded products of lipid peroxide
could be condensed with thiobarbituric acid to form a red product which could be detected at 532 nm. Followed by
reaction between the serum sample and the reagent provided in the kit, the absorbance at 532nm was measured on
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a microplate reader, and the concentration of the sample was quantified. SOD was determined by the xanthine oxidase
method. The WST-1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2, 4-disulfonic acid phenyl)-2 hydrogen-tetrazolium salt)
provided in the kit reacted with superoxide anion to produce a water-soluble dye that could be detected at 450 nm and the
results were linearly correlated with SOD activity. Briefly, 20 pL of serum, 20uL of enzyme working solution and 200uL
of WST working solution were added into the microplates and incubated at 37°C for 20 min, then the absorbance at 450

nm of each well was read and the concentration of each sample was calculated.

Statistical Analysis

Continuous variables were shown as mean + SD or median value, while categorical variables were presented as frequency or
proportion. The Kolmogorov—Smirnov test was used to determine if the distribution of variables was normality. Pearson’s chi-
square test and Wilcoxon test were applied to compare the baseline characteristics of the two groups. We employed
multivariate linear regression analysis to explore the correlation between AURKA and other variables. Furthermore, we
conducted univariate or multivariate logistic regression to assess independent risk factors for NPC. Variables with a P> 0.05
were adopted to develop the risk prediction model and build the nomogram. All participants were randomly divided into the
training group (n = 139) and the validation group (n = 48), and validated and evaluated independently. To evaluate the
discrimination ability of the established prediction model, an area under the receiver operating characteristic curve (AUC) was
calculated. AUC > 0.75 was considered to have a good discrimination effect, while <0.75 was not. Furthermore, a decision
curve analysis (DCA) was conducted to determine whether the prediction model would be clinically favorable by quantifying
the net benefits at different threshold probabilities. The statistical analysis was performed by SPSS 20.0 (IBM, Armonk, NY)
or R software, version 4.2.1. P value <0.05 was considered statistically significant.

Results

Comparisons of Clinical Characteristics of the Participants

A total of 185 participants were enrolled in the present study, including 92 subjects with NPC and 93 healthy controls, and their
clinical characteristics were described and compared in Table 1. There were no significant differences in age and body mass
index (BMI) between the two groups (P > 0.050). The mean age of NPC patients was 51.66+10.96 year, and the control
subjects, 54.49+11.52 year. However, parameter of gender was significantly different between the two cohorts (P < 0.001).
Both serum levels of GSH and SOD in NPC were found to be overwhelmingly decreased (P < 0.001) compared to the controls,
inversely, prominent elevations of MDA and AURKA levels in NPC were observed (P < 0.001).

Table | Clinical Characteristics of the Study Population and Their Comparisons

NPC (n=92) Healthy Control (n=93) P value

Gender <0.001*
Male (n/%) 65(71%) 39(41%)
Female (n/%) 27(29%) 55(59%)

Age (years) 51.66+10.96 54.49+11.52 0.089°

BMI (kg/m?) 19.65+8.61 20.91+5.80 0.244

GSH (umol/L) 4.135.14 8.84+11.06 <0.001*

MDA (nmol/mL) 2.240.82 1.45+0.93 <0.001*

SOD (V) 17.61£3.12 21.08+3.61 <0.001*

AURKA (ng/mL) 0.8283+0.0089 0.8189+0.0098 <0.001*

(Continued)
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Table | (Continued).

NPC (n=92) Healthy Control (n=93) P value

Clinical stage

Stage | 2 (2%)

Stage Il 9 (10%)

Stage Il 20 (22%)

Stage IV 61 (66%)
Treatment

Chemotherapy 62(67%)

Radiotherapy 5(5%)

Concurrent chemoradiotherapy 25(27%)

Notes: P-value estimated by student Wilcoxon test® or t-test®.
Abbreviations: BMI, body mass index; GSH, glutathione; SOD, superoxide dismutase; MDA, malondialdehyde; AURKA,

aurora kinase.

Comparisons of Clinical Characteristics of Patients with NPC in Different Stages

When taking cancer stages into account, we found that most patients (88%) were diagnosed at the advanced stages of III/IV.
Notably, GSH, SOD, MDA, and AURKA levels were considerably differed (P < 0.050) depending on the stage of NPC
(Table 2).

Table 2 Comparisons of Clinical Characteristics in Different Clinical Stages of NPC

Stage | (n=2) | Stage Il (n=9) | Stage lll (n=20) | Stage IV (n=61) P value
Gender 0.087
Male (n/%) 0(0%) 8(88.9%) 13(65%) 44(72.1%)
Female (n/%) 2(100%) 1(11.1%) 7(35%) 17(27.9%)
Age (years) 31.50+3.54 51.44+9.74 51.00+10.95 52.57+10.82 0.103
BMI (kg/m?) 20.17+0.20 23.71%3.05 22.87+2.95 22.85%3.66 0.456
Smoking 0.334
Never 2(100%) 4(44.4%) 14(70%) 17(27.9%)
Ever 0(0%) 5(55.6%) 6(30%) 27(44.3%)
Consumption of alcohol 0.463
Never 2(100%) 6(66.7%) 17(85%) 26(42.6%)
Ever 0(0%) 3(33.3%) 3(15%) 18(29.5%)
EBV DNA 0.675
>3 0(0%) 2(22.2%) 2(10%) 12(19.6%)
<3 2(100%) 7(77.8%) 18(90%) 32(52.4%)
Family history of cancer 0(100%) 2(22.2%) 2(10%) 2(3.2%) 0.160
(Continued)
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Table 2 (Continued).

Stage | (n=2) | Stage Il (n=9) | Stage Ill (n=20) | Stage IV (n=61) P value

DM 0.964

Yes 0(0%) 1(11.1%) 2(10%) 7(11.5%)

No 2(100%) 8(88.9%) 18(90%) 54(88.5%)
Hypertension 0.775

Yes 0(0%) 2(22.2%) 3(15%) 14(22.9%)

No 2(100%) 7(77.8%) 17(85%) 47(77.1%)
GSH (pmoliL) 13.26+5.86 11.86£10.91 5.49+2.65 2.24+2.35 <0.001
SOD (V) 23.15+0.65 21.54+0.99 18.43+1.90 16.59£2.99 <0.001
MDA (nmol/mL) 1.73£0.46 1.43£0.28 1.76£0.26 2.47+0.87 0.009
AURKA (ng/mL) 0.8098+0.0049 | 0.8215+0.0027 0.8241+0.0045 0.8313+0.0089 0.005

Abbreviations: BMI, body mass index; EBV, Epstein-Barr virus; DM, diabetes mellitus; GSH, glutathione; SOD, superoxide dismutase; MDA,
malondialdehyde; AURKA, aurora kinase A.

Correlations of Serum AURKA Levels with Oxidative Stress Markers and Other

Parameters
The results of Spearman correlation analysis revealed a positive association of serum AURKA level with the occurrence
of NPC (r=0.45, P <0.001). Furthermore, AURKA level had a favorable correlation with MDA (r = 0.353, P < 0.001),
but negatively correlated to GSH (r=—0.359, P < 0.001) or SOD (r=—0.403, P < 0.001).

Using serum AURKA levels as the dependent variable while gender, age, and BMI as independent variables, the
multivariate linear regression analysis, showed that the occurrence of NPC (standardized f=0.388, P < 0.001) and MDA
(standardized f=0.152, P=0.035) were independently and positively associated with serum AURKA level (Table 3).

Identification of the Predictors of NPC and Construction of the Nomogram Model
The training cohort, including 139 (74.3%) individuals consisting of 73 NPC patients and 66 healthy controls, and the
validation cohort, including 48 (25.7%) participants consisting of 19 NPC patients and 29 healthy controls, were
randomly assigned at a ratio of around 3:1. No significant differences between the two cohorts were observed in
parameters such as age, gender, BMI, GSH, SOD, MDA and AURKA.

The univariate analysis revealed that NPC was significantly associated with gender (P=0.0002), GSH (P=0.0005),
SOD (P < 0.001), MDA (P < 0.001) and AURKA (P < 0.001). Further multivariate regression analysis confirmed the
inclusion of relevant variables: Gender, SOD, MDA, and AURKA (Table 4). Subsequently, a nomogram was established
to visualize the model (Figure 1), meanwhile, an ROC curve and a calibration plot were generated to validate the
predictive accuracy of the training cohort and the validation cohort (Figure 2). The results demonstrated that the AUC for
training cohort was 0.897 (95% CI: 0.848-0.947), and for validation cohort, 0.770 (0.628-0.912), indicating good

Table 3 Multivariate Linear Regression Analyses of Factors
Associated with Serum AURKA Levels

Variables Standardized f | t P value
Infection of NPC | 0.388 5.453 <0.001
MDA (nmol/mL) 0.152 2.129 0.035

Abbreviations: NPC, nasopharyngeal carcinoma; MDA, malondialdehyde.
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Table 4 Multivariate Logistic Analyses of Factors for NPC
Diagnosis

Variables OR 95% ClI P value
SOD(V) 0.801 0.701-0.914 0.001
MDA (nmol/mL) 3.103 1.652-5.830 <0.001
AURKA (ng/mL) 2.693 1.195-7.984 <0.001
Gender 4.084 1.557-10.712 0.004

Abbreviations: SOD, superoxide dismutase; MDA, malondialdehyde; AURKA,
aurora kinase A; OR, odds ratio; Cl, confidence interval.

performance and reliability of the nomogram on predicting NPC. The calibration curves also exhibited high consistency
in predicting the probability of NPC development between the training cohort and the validation cohort in the nomogram
model compared to the actual observation (Figure 3A and B). Additionally, the nomogram’s high efficiency in clinical

decision-making was demonstrated through the DCA, as shown in Figure 3C and D.

Discussion

In this study, we first investigated serum levels of GSH, SOD, MDA and AURKA, and their comparisons between the NPC
patients and the healthy subjects. We found that MDA and AURKA levels were significantly elevated in NPC (P < 0.001),

Points

SOD

MDA

AURKA

gender

Total Points

Risk of NPC

Figure | Nomogram for diagnosis of NPC.
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Abbreviations: SOD, superoxide dismutase; MDA, malondialdehyde; AURKA, aurora kinase A; NPC, Nasopharyngeal carcinoma.
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Figure 2 Decision curve analysis of the nomogram. (A) the validation cohort; (B) the traning cohort.

whereas GSH and SOD were largely reduced (P < 0.001). Our findings on changes of MDA and GSH were consistent with
previous studies.'”'® SOD was considered to be a prominent target of oxidative damage, according to recent publications. >~
In the presence of high levels of OS, decline in GSH, SOD, and rise in MDA were typically observed.>” 2 Cancer cells are in
an unbalanced redox state, which allows the generation of drug-resistant cells and leads to treatment failure.*® Tumor cells are
more susceptible to ROS-mediated oxidative damage due to increased OS compared to normal cells,’' which explains the high
levels of OS and the variations of the indicators observed in advanced NPC in this study. It may help create OS-induced
relevant research ideas for the treatment of advanced NPC.

Likewise, we uncovered a strong relationship between AURKA expression and the levels of OS (standardized
B=0.152, P=0.035). It was believed that AURKA expression played a crucial role in the early progression of prostate

3233 pancreatic,34 breast,>> and ovarian

cancer.>?° Some studies reported that AURKA levels were raised in gastric,
cancer tissues and cells,*® and were linked to a poor prognosis. Bioinformatics research on NPC proved that the high- and
low-AURKA expression groups were highly discriminative,”* which was in parallel to our results on elevated serum
AURKA levels in NPC.

In early mitosis, OS could cause hyperphosphorylation of Aurora A,*” and AURKA knockdown markedly induced
apoptosis and ROS production in oral squamous cell carcinoma (OSCC) cell lines,?® indicating an association between
AURKA and OS, which is strengthened by the findings in our investigation that MDA is closely related to AURKA, even
though more evidences on their relationship are required.

Combining previous findings and the risk factors of gender, SOD, MDA and AURKA in our analysis, we established
a nomogram model for predicting the risk of NPC. Participants with a high score have a high risk of NPC. Furthermore,
the AUC in the training cohort for variables to distinguish NPC from healthy individuals reached 0.897, suggesting
a high prediction quality. The ideal and bias-corrected lines produced by the nomogram in the current study were in good
agreement with the calibration curves in both of the training and validation cohorts. The decision curve also graphically
depicted the model’s therapeutic advantages. Indeed, our study confirmed the elevation of these OS markers in
advanced NPC.

To our knowledge, this is the first work to build a prediction nomogram for predicting NPC that incorporates OS markers
and AURKA. However, there are still some limitations in this study. Firstly, this was a case—control study and was unable to
determine causality between NPC and its risk factors. Secondly, while we employed a standardized and widely utilized
nomogram model to predict the risk of NPC, some limitations may arise when applied within the context of a case—control
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representing the scenario where all patients are diagnosed with NPC. The red line illustrates the net benefit of the Nomogram model relative to the default strategy at
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design.®® Furthermore, this nomogram model was established in limited samples and did not provide positive and negative
predictive values for the diagnostic assessment of NPC (a rare disease), therefore, cautious consideration is warranted in the
application of the model. Finally, we did not compare our model with other existing theoretical models due to the shortage of
literature and difficulties such as in collecting EBV-DNA data from healthy subjects.

Clinically, we have established a predictive model for NPC using OS markers and AURKA. Our model can further
enrich early diagnosis of NPC and provide insights for future research. Additionally, the utilization of readily available
serum tests for screening high-risk populations could serve as a potential alternative diagnostic strategy to the relatively
harder-to-obtain or costlier CT/MRI or invasive nasopharyngoscopy examinations. Specially, after evaluating clinical
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symptoms, if a patient shows some clinical indications of NPC, clinicians can further utilize this nomogram model to
assess the risk of disease to support next decision-making. This approach has the potential benefits to reduce unnecessary
expenditures on imaging and invasive examinations for patients.

Conclusion

As a result, our work sheds light on the association between AURKA and OS markers with NPC, and significance of these
clinical characteristics in predicting NPC. AURKA may be one of the potential therapeutic targets for management of NPC.
Furthermore, we have constructed a nomogram model with robust performance, applicable for estimating early diagnosis of
NPC, thereby offering supplementary information for clinical diagnosis and decision-making. Nonetheless, given that our design
is an observational study, advanced evidence from large-scale samples remains required to further validate these findings.

Abbreviations

NPC, Nasopharyngeal carcinoma; OS, oxidative stress; GSH, glutathione; SOD, superoxide dismutase; MDA, malon-
dialdehyde; AURKA, aurora kinase A; SCCHN, squamous-cell carcinomas of the head and neck; TBA, 2-thiobarbituric
acid; CI, confidence interval.
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