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Objective: The aim of this study was to evaluate the effectiveness of Epstein—Barr virus
(EBV) VCA-IgA antibody, EBV DNA and HSP90a alone or in combinations for the
diagnosis and prognostic prediction of nasopharyngeal carcinoma (NPC).

Methods: A total of 113 treatment-naive patients with NPC and 40 healthy controls were
enrolled. Plasma HSP90a and serum EBV VCA IgA antibody were detected using ELISA,
and plasma EBV DNA was quantified using qPCR assay. The effectiveness of plasma
HSP90a level, serum EBV VCA IgA antibody and plasma EBV DNA was examined in
the diagnosis and prognosis prediction of NPC.

Results: Higher plasma HSP90a, serum EBV VCA IgA antibody and plasma viral load of
EBV DNA were detected in NPC patients than in healthy controls (P < 0.001). The plasma
HSP90a levels, serum EBV VCA IgA antibody titers and plasma viral load of EBV DNA
were significantly greater in NPC patients with stages III and IV than in those with stages
I and IT (P < 0.001), and significantly lower plasma HSP90a levels, serum EBV VCA IgA
antibody titers and plasma viral load of EBV DNA were found in the good prognosis group
than in the poor prognosis group post-treatment (P < 0.05). The area under representative
operating curves (AUCs) of plasma HSP90a, serum EBV VCA IgA antibody and plasma
EBV DNA alone and in combination were 0.884, 0.841, 0.934 and 0.954 for the diagnosis of
NPC, respectively. Univariate and multivariate Cox proportional hazards regression analyses
identified HSP90a as an independent prognostic factor for NPC.

Conclusion: The combination of plasma HSP90a, serum EBV VCA IgA antibody and
plasma EBV DNA shows high diagnostic performance for NPC, and plasma HSP90o may be
a potential marker for diagnosis and prognosis prediction of NPC.

Keywords: nasopharyngeal carcinoma, EBV VCA-IgA antibody, EBV DNA, HSP90a,
diagnostic performance, prognosis prediction

Introduction

Nasopharyngeal carcinoma (NPC), the most common head and neck cancer, is
characterized by a distinct geographic distribution.' Although relatively rare
worldwide,” this malignancy is highly prevalent in eastern and southeastern Asia,
notably in southern China.®> Epstein-Barr virus (EBV) infection and genetic sus-
ceptibility foci have been identified to be responsible for the development of NPC;
however, the exact pathogenesis remains to be unraveled.* ® Currently, radiotherapy
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and chemotherapy are standard treatments for NPC.” '°
The prognosis of NPC is determined by the disease
stage.'! Patients with early-stage NPC have a 5-year sur-
vival rate of approximately 90%, while those at an
advanced stage have a 5-year survival rate of less than
50%." Early and precise detection is therefore of great
importance to improve the prognosis of NPC.'?

Currently, the diagnosis of NPC primarily depends on
biopsy and imaging tools'; however, early diagnosis is
very difficult because of the specific anatomic location of
the nasopharynx.'® Most individuals are diagnosed at late
stages of NPC with distal metastases since there are no
specific symptoms or signs at an early stage, which greatly
affects the clinical outcomes.'' Screening of biomarkers is
therefore of great clinical significance for the diagnosis
and prognostic prediction of NPC.'*

Previous studies have shown the diagnostic and prog-
nostic values of Epstein—Barr virus capsid antigen (VCA)-
IgA antibody and EBV DNA in NPC.'>%° Recently, heat
shock protein 90a (HSP90a) was identified as a novel
diagnostic marker for NPC?'; however, there is little
knowledge on its performance for the clinical diagnosis
of NPC. This study was therefore designed with aims to
evaluate the effectiveness of EBV VCA-IgA antibody,
EBV DNA and HSP90a alone or in combinations for the
diagnosis and prognostic prediction of NPC.

Methods

Ethical Statement

This study was approved by the Ethics Review Committee
of Fujian Medical University Cancer Hospital. All proce-
dures were performed in accordance with the 2018
Declaration of Helsinki,22 as well as international and
national laws and guidelines. Written informed consent
was obtained from all participants included in this study,
following a detailed description of the major purpose of
the study.

Subjects

A total of 113 treatment-naive patients with pathologically
diagnosed NPC in Fujian Medical University Cancer
Hospital during the period from September 2016 through
March 2017 were recruited, while 40 healthy subjects
without any tumor-related disorders in the hospital during
the same period were sampled as controls. The inclusion
criteria included 1) definitive diagnosis of NPC for the first
time without prior chemotherapy or other antitumor

treatments; 2) complete imaging and clinical data; 3) will-
ingness to sign the informed consent; and 4) no abnorm-
ality identified in healthy controls. Those meeting any of
the following criteria were excluded from the study: 1)
patients undergoing radiotherapy or chemotherapy; 2)
patients with severe hepatic or renal insufficiency, pulmon-
ary disorders, severe cardiovascular disorders, diabetes, or
other tumors; 3) patients with acute infections or hemato-
logic diseases; or 4) pregnant or lactating women.
Patients’ demographic and clinical characteristics were
the World Health
Organization (WHO) pathological classification,” and

collected, including age, gender,
American Joint Committee on Cancer (AJCC) clinical
stage and TNM stage,** and treatment, as well as follow-
up and prognosis data.

Detection of Plasma HSP90a and EBV
DNA and Serum EBV VCA-IgA Antibody

Approximately 3 mL of venous blood samples were col-
lected from all patients and centrifuged at 3,000 r/min for 10
min, and plasma and serum samples were collected. Plasma
HSP90a level was detected using an enzyme-linked immu-
nosorbent assay (ELISA) with the human HSP90a ELISA
kit (Yantai Protgen Biotechnology Development Co. Ltd.;
Yantai, China), and serum EBV VCA IgA antibody was
detected using the EBV VCA IgA Antibody ELISA Test
Kit (EUROIMMUN Medizinische Labordiagnostika AG;
Luebeck, Germany). In addition, plasma EBV DNA was
quantified using the quantitative real-time PCR (qPCR)
assay with the EBV viral nucleic acid amplification kit (Da
An Gene Co., Ltd. of Sun Yat-sen University; Guangzhou,
China) on the Applied Biosystems™ 7500 Real-Time PCR
Systems (Thermo Fisher Scientific, Waltham, MA, USA).
All detection procedures were done in strict accordance with
the manufacturers’ instructions.

Follow-Up and Survival Estimates
Post-treatment follow-up was done using outpatient visits
or telephone calls once every 3 months within 2 years
post-treatment, and once every half a year 2 years post-
treatment until death. Overall survival (OS) was defined as
the duration from the start of the treatment to death of any
causes or the final follow-up date.

Statistics
All statistical analyses were performed using the statistical
software SPSS version 23.0 (SPSS, Inc.; Chicago, IL,
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USA), and all figures were plotted using the software
GraphPad Prism version 8.0 (GraphPad Software; San
Diego, CA, USA). Normally distributed data were pre-
sented with mean + standard deviation (SD), and differ-
ences of means of measurement data were tested for
statistical significance with Student’s #-test, while compar-
isons of proportions were conducted with chi-square test
or Fisher’s exact test. Non-normally distributed data were
expressed as median (P»s, P75), and comparisons of med-
ians were done with Mann—Whitney U-test. The represen-
tative operating characteristic curve (ROC) was plotted
and the area under ROC (AUC), confidential interval
(CI), sensitivity and specificity of diagnostic assays were
estimated with the greatest Youden index as the cut-off.
The associations of HSP90a level with the EBV VCA IgA
antibody titer and the viral load of EBV DNA were exam-
ined in NPC patients with Pearson correlation analysis.
Survival was estimated using the Kaplan—Meier curve,
and comparison of survival was tested for statistical sig-
nificance using the Log rank test. The prognostic factors
for NPC were identified using univariate and multivariate
Cox proportional hazards regression analyses. A P value
of < 0.05 was considered statistically significant.

Results

Patient Characteristics

Among the 113 subjects, there were 72 men and 41
women and the mean age was 48.24 + 11.02 years
(range, 19 to 78 years). There were 92.92% of the
study subjects with non-keratinizing undifferentiated car-
cinoma according to the WHO pathological classifica-
tion, and 60.18% with stage III and 29.2% with stage
IV according to the AJCC staging system (Table 1). Of
the 40 healthy controls, there were 25 men and 15
women and the mean age was 45.94 = 10.32 years
(range, 25 to 64 years). The mean age and gender dis-
tribution were comparable between the NPC patients and
healthy controls (P > 0.05). In addition, significantly
higher plasma HSP90a levels (¢ = 15.317), serum EBV
VCA IgA antibody titers (Z = 11.459) and plasma viral
load of EBV DNA (r = 24.261) were detected in NPC
patients than in healthy controls (P < 0.001) (Figure 1),
and Pearson correlation analysis revealed that the plasma
HSP90a level positively correlated with the plasma viral
load of EBV DNA (» = 0.873, P < 0.05) and serum EBV
VCA IgA antibody titer (» = 0.768, P < 0.05) in patients
with NPC (Figure 2).

Table | Demographic and Clinical Characteristics of the 113
Patients with Nasopharyngeal Carcinoma

Characteristics No. of
Patients (%)

Gender Male 72 (63.72)
Female 41 (36.28)

Age (years) <48 67 (59.29)
>48 46 (40.71)

Tumor classification Tl 11 (9.73)
T2 43 (38.05)

T3 45 (39.82)

T4 14 (12.4)

Lymph node NO 14 (12.39)
classification NI 58 (51.33)
N2 29 (25.66)

N3 12 (10.62)

AJCC clinical stage | 4 (3.54)

Il 8 (7.08)

11l 68 (60.18)

v 33 (29.2)
WHO pathological Non-keratinizing 105 (92.92)

classification undifferentiated carcinoma
Non-keratinizing 7 (6.19)
differentiated carcinoma
Keratinizing squamous cell 1 (0.89)
carcinoma
Treatment Concurrent 83 (73.45)
chemoradiotherapy
Induction chemotherapy 23 (20.35)
Adjuvant chemotherapy 7 (6.2)

Stage- and Prognosis-Specific HSP90q,
EBV VCA IgA Antibody and EBVY DNA
Levels in NPC Patients

The plasma HSP90a levels, serum EBV VCA IgA anti-
body titers and plasma viral load of EBV DNA were
significantly greater in NPC patients with stages III or IV
than in those with stages I and II, and the plasma HSP90a
levels, serum EBV VCA IgA antibody titers and plasma
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Figure | Comparison of plasma HSP90a level, serum EBV VCA IgA antibody titer and plasma viral load of EBV DNA between nasopharyngeal carcinoma patients and
healthy controls. (A) plasma HSP90a level; (B) serum EBV VCA IgA antibody titer; (C) plasma viral load of EBV DNA. *P < 0.001 vs healthy controls.

Abbreviation: NPC, nasopharyngeal carcinoma.
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Figure 2 Pearson correlation analysis reveals the associations of plasma HSP90a level with serum EBV VCA IgA antibody titers and plasma viral load of EBV DNA in
nasopharyngeal carcinoma patients. (A) correlation between plasma HSP90a. level and plasma viral load of EBV DNA in nasopharyngeal carcinoma patients; (B) correlation
between plasma HSP90a level and serum EBV VCA IgA antibody titer in nasopharyngeal carcinoma patients.

viral load of EBV DNA were significantly greater in NPC
patients with stage IV than in those with stage III (P <
0.001) (Figure 3).

The post-treatment follow-up was terminated until
April 2020, and the median follow-up period was 31
months (range, 3 to 44 months). Of the 113 NPC patients,

91 cases with improvements following treatment were

assigned to the good prognosis group, and 22 cases with
discharge from hospital due to disease aggravation or
death were assigned to the poor prognosis group. Lower
plasma HSP90a levels, serum EBV VCA IgA antibody
titers and plasma viral load of EBV DNA were detected in
the good prognosis group post-treatment relative to pre-
treatment (P < 0.05), and higher plasma HSP90a levels,
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Figure 3 Clinical stage-specific plasma HSP90a. level, serum EBV VCA IgA antibody titer and plasma viral load of EBV DNA in nasopharyngeal carcinoma patients. (A) plasma
HSP90w. level; (B) serum EBV VCA IgA antibody titer; (C) plasma viral load of EBY DNA. *P < 0.001 vs stages | and II; #P < 0.05 vs stage IIl.
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Figure 4 Prognosis-specific plasma HSP90a level, serum EBV VCA IgA antibody titer and plasma viral load of EBV DNA in nasopharyngeal carcinoma patients. (A) plasma
HSP90a level; (B) serum EBV VCA IgA antibody titer; (C) plasma viral load of EBV DNA. *P < 0.05 vs the pretreatment group; “P < 0.001 vs the good prognosis group.

serum EBV VCA IgA antibody titers and plasma viral
load of EBV DNA were seen in the poor prognosis
group post-treatment relative to pretreatment (P < 0.05).
In addition, significantly lower plasma HSP90a levels,
serum EBV VCA IgA antibody titers and plasma viral
load of EBV DNA were found in the good prognosis
group than in the poor prognosis group post-treatment
(P < 0.05) (Figure 4).

Performance of HSP900, EBV VCA IgA
Antibody and EBV DNA for Detection of

NPC

The AUC of plasma HSP90a was 0.884 (95% CI: 0.832 to
0.935; P=0.032), and the HSP90a cut-off of 121.7 ng/mL
corresponded to the maximum Youden index of 0.607,
which yielded an 85.7% sensitivity and 75% specificity
for the diagnosis of NPC. The AUC of serum EBV VCA
IgA antibody was 0.841 (95% CI: 0.781 to 0.901; P =
0.058), and the EBV VCA IgA antibody cut-off of 1.84 S/
CO corresponded to the maximum Youden index of 0.453,
which yielded a 76.5% sensitivity and 68.8% specificity
for the diagnosis of NPC. The AUC of plasma EBV DNA
was 0.934 (95% CI: 0.897 to 0.97; P = 0.021) for the
diagnosis of NPC, and the EBV DNA cut-off of 2.7x10°
copies/mL corresponded to the maximum Youden index of
0.692, which yielded an 88.8% sensitivity and 83% speci-
ficity for NPC diagnosis. In addition, the AUC of com-
bined plasma HSP90a, serum EBV VCA IgA antibody

and plasma EBV DNA was 0.954 (95% CI: 0.907 to
0.982; P = 0.012), and the combined use of plasma
HSP900, serum EBV VCA IgA antibody and plasma
EBV DNA showed a 92.5% sensitivity and 86% specifi-
city for the diagnosis of NPC (Table 2, Figure 5). Our data
showed that plasma EBV DNA presented the highest
diagnostic performance, followed by plasma HSP90a,
and serum EBV VCA IgA antibody exhibited the lowest
diagnostic performance for NPC, and the combination of
plasma HSP90a, serum EBV VCA IgA antibody and
plasma EBV DNA presented a higher diagnostic efficiency
for NPC than plasma HSP90a, serum EBV VCA IgA
antibody or plasma EBV DNA alone.

Prognostic Factors for NPC

During the follow-up period, there were two NPC patients
lost to the follow-up, with a follow-up rate of 98.23%. If
plasma HSP90a, serum EBV VCA IgA antibody titer and
plasma EBV DNA levels were classified into low and
expression at cut-off values of 121.7 ng/mL, 1.84 S/CO
and 2.7x10° copies/mL, we found a significantly higher
OS rate in patients with low HSP90a than in those with
high HSP90a (22.8% vs 77.2%; log-rank y* = 9.715, P <
0.01), and a significantly lower OS rate in patients with
low EBV DNA viral load than in those with high load
(24.6% vs 75.4%; log-rank »* = 12.805, P < 0.01), while
the OS rate was numerically lower in patients with low
EBV VCA IgA antibody titer than in those with high titer

Table 2 Diagnostic Performance of Plasma HSP90a, Serum EBV VCA IgA Antibody and Plasma EBV DNA Alone or in Combination

for Nasopharyngeal Carcinoma

Marker AUC 95% CI P Cut-Off Sensitivity Specificity Accuracy Youden Index

HSP90a 0.884 0.832-0.935 0.032 121.7 ng/mL 0.857 0.750 0.678 0.607

EBVCA-IgA 0.841 0.781-0.901 0.058 1.84 S/ICO 0.765 0.688 0.504 0.453

EBV DNA 0.934 0.897-0.97 0.021 2.7 x 10® copies/mL 0.888 0.83 0.692 0.718

Combination 0.954 0.907-0.982 0.012 - 0.925 0.86 0.716 0.785
Cancer Management and Research 2021:13 https: 5797
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Figure 5 Performance of plasma HSP90a level, serum EBV VCA IgA antibody titer

and plasma viral load of EBV DNA for the diagnosis of nasopharyngeal carcinoma.
Abbreviation: AUC, area under the representative operating curve.

(32.6% vs 67.4%; log-rank y* = 0.805, P > 0.05)
(Figure 6).

Then, the Cox proportional hazards regression model was
employed to identify the factors affecting OS in NPC patients.
Univariate Cox proportional hazards regression analysis
revealed that lymph node classification, AJCC clinical stage,
number of metastatic sites, pretreatment plasma HSP90a and
pretreatment EBV DNA viral load affected the OS in NPC
patients (P < 0.05), and multivariate Cox proportional hazards
regression analysis identified AJCC clinical stage, number of
metastatic sites, pretreatment plasma HSP90a level and pre-
treatment EBV DNA viral load as independent prognostic
factors in NPC patients (P < 0.05) (Table 3).

Discussion

NPC presents multiple and non-specific clinical manifesta-
tions, and the major clinical symptoms include neck lymph
nodes enlargement, hemorrhinia of unknown causes and
otological symptoms and signs." Since there are no specific
early symptoms or signs of NPC, initial diagnosis is very
difficult." Screening of blood-based tumor biomarkers
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facilitates the early identification and prevention of
cancers.”>?’ NPC is an EBV-associated malignancy.’
Currently, EBV VCA-IgA antibody and EBV DNA are
the two most common biomarkers used for screening of
NPC, and are commonly employed for prognostic predic-
tion and monitoring of therapeutic efficacy; however, these
two biomarkers show no apparent values in early diagnosis
of NPC.'®'82%29 1 addition, a recent meta-analysis includ-
ing 2,126 NPC patients and 15,644 controls showed that
serum EBV Zta antibody exhibited a high diagnostic accu-
racy with a sensitivity of 0.85, a specificity of 0.9 and an
AUC of 0.94 for NPC.*° Nevertheless, serum EBV Zta
antibody is not popular for the identification of NPC in
clinical practices.®'

Heat shock protein (HSP), also termed stress protein, is
a class of proteins that are highly expressed in cells in
response to physicochemical stimuli.*”> Based on the mole-
cular weight, HSPs are classified into HSP110, HSP90,
HSP70, HSP60 and small HSPs (sHSPs).*®> HSP90 is only
present in the extracellular region, and are classified into
two subtypes, HSP90a and HSP90B.>* Under normal phy-
siological conditions, HSP90a is not secreted out of cells;
however, it may be secreted into the extracellular region
by tumor cells to function.*® In 2009, HSP90a was firstly
detected to be highly expressed in the blood of liver cancer
patients, and the plasma HSP90a concentration correlated
positively with the malignant degree of liver cancer, indi-
cating that HSP90a may serve as a tumor biomarker for
early screening of liver cancer.®® In this study, we found
significantly greater plasma HSP90a levels, serum EBV
VCA IgA antibody titers and plasma viral loads of EBV
DNA in patients with NPC than in healthy controls (P <
0.05), suggesting that overexpression of HSP90a, EBV
VCA IgA antibody and EBV DNA may be involved in
the development of NPC. In highly prevalent areas for
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Figure 6 Comparison of overall survival among nasopharyngeal carcinoma patients in terms of plasma HSP90a level, serum EBV VCA IgA antibody titer and plasma viral

load of EBV DNA. (A) plasma HSP90a level; (B) serum EBV VCA IgA antibody titer;

(C) plasma viral load of EBV DNA.
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Table 3 Univariate and Multivariate Cox Proportional Hazards Regression Analyses of Prognostic Factors of Overall Survival in

Nasopharyngeal Carcinoma Patients

Variable Univariate Analysis Multivariate Analysis
Hazards 95% CI P Hazards 95% CI P
Ratio Ratio
Age (= 48 vs <48 years) 1.056 0.524-1.875 0.839
Gender (female vs male) 0.861 0.397-1.238 0.714
Tumor stage (T1 and T2 vs T3 and T4) 1.643 0.756-3.761 0.192
Lymph node classification (NI and 2 vs N3 and N4) 2.543 1.325-3.741 0.013 1.275 0.621-2.623 0.508
AJCC clinical stage (I and Il vs lll and 1V) 4.273 1.273-6.428 <0.001 2.624 1.213-5.426 0.008
Number of metastatic sites(= 2 vs <2) 1.539 1.078-2.198 0.018 1.531 1.056-2.220 0.022
WHO pathological Non-keratinizing undifferentiated |
classification carcinoma
Non-keratinizing differentiated 0.839 0.298-2.360 0.739
carcinoma
Keratinizing squamous cell 0.578 0.193-1.729 0.827
carcinoma
Pretreatment HSP90a. level (= 121.7 vs < 121.7 ng/mL) 2.199 1.051-4.612 0.036 1.424 1.028-2.775 0.028
Pretreatment EBV DNA viral load (= 2.7x10% vs < 2.7x10° 2.155 1.878-3.906 0.012 1.365 0.885-2.568 0.032
copies/mL)
Pretreatment EBV VCA IgA antibody titer (= 1.84 vs < 1.84 0.652 0.331-1.736 0.384
S/CO)

NPC, EBV-encoded small RNA (EBER) gene was
detected positive in more than 90% of NPC specimens,
and plasma EBV DNA was detectable in patients with
initial diagnosis of NPC, accompanied by eclevated EBV
VCA IgA antibody As a
biomarker,>® HSP90 is highly expressed in gastric cancer,

levels.”’ serum tumor
liver cancer and colorectal cancer, and plays a vital role in
promoting tumor invasion, metastasis, progression and
angiogenesis and inhibiting the apoptosis of tumor
cells.>**' The mechanisms underlying elevated HSP90a
levels remain unknown in patients with NPC until now. It
is considered that tumor cells may overexpress epidermal
growth factor receptor (EGFR) and signal transduction
proteins PI3K and AKT, and HSP90 binds to and stabilize
these proteins to protect tumor cells from apoptosis.**
HSP90 was found to participate in tumor cell growth and
angiogenesis via the HIF-10/VEGF/VEGFR-2 signaling,*
and activate oncogenic ERK1/2 in NPC cells and phos-
ERK1/2 and AKT to
proliferation.** In addition, overexpression of HSP90 and

phorylate promote  cell

HIF-1a has been reported to serve as novel independent
biomarkers for poor prognosis in patients with NPC.*’
These data demonstrate that HSP90a participates in
tumor development and progression and may be used as
a diagnostic marker for NPC.

In this study, NPC patients with AJCC clinical stages
I and II were pooled because of the small sample size of
patients with stage I. We found that the plasma HSP90a
levels, EBV VCA IgA antibody titers and the viral load of
EBV DNA increased with the stage of NPC (P < 0.05),
and high plasma HSP90a levels were found to correlate
with advanced stage and high viral load of EBV DNA in
NPC patients, indicating that elevated HSP90o and EBV
DNA viral load are associated with NPC progression.
Previous studies have shown no correlation between the
viral load of EBV DNA and levels of serum antibodies
against EBV in NPC patients.***’ In the present study, we
detected a correlation between the plasma viral load of
EBV DNA and serum IgA antibody against EBV VCA,
indicating that the viral load of EBV DNA appears
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a tendency towards a rise with an increase in the serum
EBV VCA IgA antibody titer. Our findings demonstrate
a high concordance among HSP90a, EBV VCA IgA anti-
body and EBV DNA for the diagnosis of NPC, indicating
high serum EBV VCA IgA antibody titers and plasma
HSP90a levels in NPC patients with high viral loads of
EBV DNA.

In this study, a lower OS rate and shorter median
survival period were observed in NPC patients with high
HSP90o and EBV DNA viral load than in those with low
levels, and univariate and multivariate Cox proportional
hazards regression analyses showed pretreatment HSP90a
and EBV DNA viral load were independent prognostic
factors in NPC patients, demonstrating that HSP90o and
EBV DNA may be a promising potential for prediction of
prognosis. Pearson correlation analysis revealed that
plasma HSP90a level correlated positively with the
serum EBV VCA IgA antibody titer and plasma viral
load of EBV DNA, and a stronger correlation was seen
between EBV DNA viral load and plasma HSP90a level
that between plasma HSP90a level and serum EBV VCA
IgA antibody titer in patients with NPC. It was reported
that HSP90a level correlated with the stage, disease pro-
gression and timing of surgical treatment in liver cancer
patients.*® Our data showed a remarkable decline in
HSP90a level among NPC patients with a good prognosis,
and the plasma HSP90a level increased with the disease
severity, suggesting that elevated HSP90a level may pre-
dict the migration or aggravation of NPC. In addition, our
confirm that HSP90a has
a biomarker for NPC, and high HSP90a level may trigger

findings a potential as
tumor development and progression. In vivo and in vitro
assays have shown that HSP90 contributes to the develop-
ment of primary breast cancer,” and HSP90 was found to
be predictive of breast cancer and HSP90 expression cor-
relates positively with the progression of breast cancer.>
There is also evidence showing that HSP90 overexpres-
sion correlates positively with the metastasis and poor
prognosis of gastrointestinal and lung cancers.’’** In
both cell assays and tumor growth xenograft models,
AT13387, a novel HSP90 inhibitor, was found to suppress
tumor development and progression, which may serve
a new agent against NPC.> Taken these finding together,
it is considered that HSP90a may serve as diagnostic and
prognostic biomarkers for NPC.

In the current study, plasma EBV DNA showed the
highest performance for the diagnosis of NPC, fol-
lowed by plasma HSP90a, while serum EBV VCA

IgA antibody exhibited the lowest diagnostic perfor-
mance. Our data demonstrate that both EBV DNA
and plasma HSP90a exhibit higher performance for
the diagnosis of NPC than serum EBV VCA IgA anti-
body, which was in agreement with previous studies
reporting a higher diagnostic efficacy of EBV DNA
than serum EBV VCA IgA antibody for NPC.>* In
addition, serum EBV Zta antibody was also found to
present a high diagnostic accuracy for NPC*’; however,
there have been no comparisons of the performance
between plasma HSP90o and serum EBV Zta antibody
for the diagnosis of NPC until now. Previous studies
have shown that the combination of multiple biomar-

the detection of cancers.'®>’

kers may increase
Similarly, our data show that the combination of
plasma HSP90a, serum EBV VCA IgA antibody and
plasma EBV DNA increased the diagnostic efficacy of
NPC than plasma HSP90a, serum EBV VCA IgA anti-
body and plasma EBV DNA alone.

Our study has some limitations. First, the sample size
is relatively small, which may cause some bias. Second,
only plasma HSP90a was detected. Further studies recruit-
ing more samples to detect the relative HSP90a expression
in NPC specimens are required to unravel the correlation
between HSP90a expression and the prognosis in NPC
patients.

In summary, the results of the present study demon-
strate elevated HSP90a in NPC patients, and high
HSP90a level correlates with the severity and poor
prognosis in patients with NPC, and univariate and
multivariate Cox proportional hazards regression ana-
lyses identify HSP90o as an independent prognostic
factor for NPC. It is considered that plasma HSP90a
may be a potential marker for diagnosis and prognosis
prediction of NPC. In addition, the combination of
plasma HSP90a, serum EBV VCA IgA antibody and
plasma EBV DNA shows high diagnostic performance
for NPC. Our findings provide novel insights into the
diagnosis of NPC.
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