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Abstract. This study explored the 605 nm carboxyl of
water-soluble quantum dots to assess the practicability of
the nasopharyngeal carcinoma marker EBNA1 antibody.
We used 605 nm carboxyl water-soluble quantum dots and
nasopharyngeal carcinoma EBNAI antigen in 1-(3-dimethyl-
aminopropyl-3-2-ethylcarbonimine hydrochloride to generate
quantum dot-labeled antigen. Gel imaging system showed
that serum group and 60 patients with nasopharyngeal carci-
noma had significant differences in 30 cases of normal adult
serogroup brightness, Levene test in the two groups ELISA
absorbance value was P<0.001, namely the nasopharyngeal
carcinoma group and the normal adult serum group measured
absorbance value difference was obvious. The statistical signifi-
cance, and the detection technology were of high specificity and
sensitivity. In conclusion, this study adopted double antigen clip
combining immune chromatography test EBNA1 antibody in
serum, compared with the traditional enzyme-linked immuno-
assays this method is more rapid, with simpler operation, rapid
detection for developing quantum dot immune chromatography
technology the EBNA1 antibody kit provides a theoretical basis.

Introduction

Quantum dots (QD), also known as semiconductor nanocrys-
tals, mainly consist of elements including II-IV group elements
(Cdse and Cds) or III-V group elements (InP and InAs). The
particle is smaller than 100 nm in diameter. Due to the pres-
ence of crystal core, QD can emit specific fluorescence (1,2). In
order to combine with other biological protein molecules when
applying in medical field, amino groups or carboxyl groups
can often be seen on the surface of QD (3). QD modification
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mainly uses static adsorption, covalent coupling, thiol exchange
and other methods to modify antibodies, peptides and oligo-
nucleotides onto the surface of QD, where covalent coupling
is the most common and stable method. Compared to the
traditional organic molecular fluorescent materials, QD has
the following advantages: i) wide and continuous excitation
spectrum, with large absorption coefficient and high quantum
yield; ii) narrow and symmetric emission spectrum without
trailing; iii) strong fluorescence intensity and high signal to
noise ratio; iv) good light stability and strong ability to resist
photobleaching; v) emission wavelength changes with particle
size. Owing to its unique chemical and optical properties, QD
has gradually been applied in tumor biological medicine, such
as prostate cancer (4), pancreatic cancer (5), breast cancer (5),
liver cancer (6), colorectal cancer (7) and nasopharyngeal
carcinoma (NPC) (8). This study aimed to explore the 605 nm
carboxyl of water-soluble quantum dots to assess the practica-
bility of the NPC marker EBNAI antibody.

NPC is a common malignant tumor in the Southern Coast,
Western Hunan and other places of China (9). Its incidence
is up to 30/100,000. It is the most frequent malignant tumor
of otolaryngology head and neck surgery. Due to the complex
nasopharyngeal anatomy, NPC is difficult to detect in early
stage and only 10-20% of the patients are diagnosed at the
early stage. Once there appear obvious symptoms, the patients
are mainly at middle-to-advanced stage, so it is crucial to early
diagnose NPC (10). The main causes of diagnostic difficulty in
NPC are the atypical symptoms and no proper biopsy. There
is a certain correlation between NPC and EB virus infec-
tion (11), so it is a main measurement for early NPC diagnosis
in clinic to detect serum EB virus infection (such as EB-VCA
IgA, EBNAI, Zta-IgA, EA/IgA and EBV-DNA) of NPC
patients (12-14). EBNAL is expressed in all of the NPC patients.
It is the only virus core protein in NPC, so its change may be
one of the cancer-promotion factors (15). Studies have found
that EBNA1 may block NPC cell cycle at stage G1 through
in vitro induction, thus blocking the growth of NPC cells.
Currently, enzyme-linked immunosorbent assay (ELISA)
qualitative analysis is the major method to detect EBNA1 anti-
body in clinic (16), but it still has the following disadvantages:
i) ELISA kits are produced by different manufacturers and
there is no unified standard; ii) ELISA method is complicated
in use, so the results are affected by the operators, which is
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not likely to be carried out in grass-roots hospitals; iii) ELISA
method is unable to realize rapid detection and moreover it is
qualitative analysis.

Therefore, water-soluble carboxylated QD was used as
the luminescent material in this study. Coupled with EBNA1
by covalent cross-linking method, the feasibility of 605 nm
water-soluble carboxylated QD to label EBNA1 was explored
and reported.

Materials and methods

Materials and reagents. Water-soluble (605 nm) carbox-
ylated QD was purchased from Jiayuan Quantum Dots
Co., Ltd. (Wuhan, Hubei, China). Crosslinking agent,
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo-
ride (EDC) was purchased from Sigma (Jiayuan, China). EBV
EBNAI antigen and positive standard of EBV EBNAI anti-
body were purchased from Abcam (Cambridge, UK). Other
common reagents were purchased from the Otolaryngology
Laboratory of Xiangya Hospital of Central South University
(Hunan, China).

All healthy control blood samples were obtained from volun-
teers, who were the permanent residents in Hunan province,
China. All NPC samples were taken from NPC patients hospi-
talized in Xiangya Hospital of Central South University from
May, 2012 to December, 2012. The patients were recorded for
personal basic information and clinical data (age, sex, hospital,
department, admission number, pathological diagnosis, clinical
stage, main findings, ID number, native place, home address and
phone number), as shown in the spreadsheet. All the samples
were verified by the patients' consent and informed consent was
signed. The study was approved by the Ethics Committee of
Xiangya Hospital of Central South University.

Serum collection. 1) A 5 ml serum collection tube was used to
collect fasting venous blood. The tube was filled with the blood
as full as possible, for ~3-4 ml, and then slightly turned upside
down 3 times; ii) the tube was placed at room temperature for
1 h; iii) the tube was centrifuged (1,600 x g) for 10 min at 4°C;
iv) the upper layer of the serum was carefully removed to i).
The 5 ml cryogenic tube was placed on ice, ~600 pl x2 tubes.
The tubes were numbered and labeled, and preserved at -80°C.

Instruments and equipments. UV-VIS spectrophotometer
(UV-2550; Shimadzu, Kyoto, Japan); LS-55 fluorescence
spectrophotometer (Perkin Elmer, Waltham, MA, USA);
ultrafiltration tube (Millipore, Billerica, MA, USA); desalting
column (GE Healthcare, Piscataway, NJ, USA); immune chro-
matography test paper (Wuhan Jiayuan Quantum Dots Co.,
Ltd., Wuhan, China); gel imaging system (Alpha Imager HP).

Sample pretreatment. EBV EBNA1 antigen (Abcam) at -20°C,
was thawed at room temperature. It was dissolved in the buffer
solution (20 mM borate, pH 7.4). Ultrafiltration tube with
molecular cut off of 10 kDa was used to remove impurities,
and final sample concentration was 2.2 mg/ml (Table I).

Labeling method. Covalent cross-linking was carried out on
water-soluble carboxylated QD (Q3605) and EBV EBNAI
antigen under EDC to form QD-labeled antigen. Ultrafiltration
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Table I. Sample amount.
Antigen/ Maximum emission  Full width at
Antigen QD peak half maximum
Solution 10:1 605 nm 24 nm
Solution 40:1 605 nm 24 nm

QD, quantum dots.

tube with molecular cut off of 100 kDa was used to remove
unreacted antigen and other impurities, and final product was
stored in 50 mM borate at pH 8.4 with 0.05% NaN;.

Experimental procedure. i) Assemble of immune chromatog-
raphy test paper: chromatography pad, nitrocellulose membrane
(NC membrane) and absorbent filter paper were pasted on the
viscous base in turn. Biodot strip cutting machine was used to
cut the blank test paper into strips of 3 mm width. ii) Envelope
of antigen: 0.5 ul EB NAI antigen was removed from NC
membrane. Until the humidity was <20%, the membrane was
placed in an oven at 25°C for 2 h. iii) Detection buffer prepa-
ration: Antibody dilution was used to dilute the QD-labeled
antigen as the detection buffer, and 75 ul was removed to the
microplate. iv) Sample loading: 5 pl serum from each of the
60 NPC patients and 30 healthy people and positive samples of
different concentrations, were mixed with detection buffer. Test
paper in (ii) was inserted into microplate of (iii). The liquid will
go upwards along the strip due to capillary action (5). It was
observed under UV after 6 min. If there was a positive reaction,
orange fluorescence was observed under UV. The higher the
EBNAI antibody content was, the stronger the fluorescence
was. However, if there was no corresponding antibody, then
there was no fluorescence or just a weaker one. The findings
were observed and imaged by gel imaging system with UV
light. ELISA absorbency value was measured at the same time.
SPSS 13.0 (SPSS Inc., Chicago, IL, USA) was used to obtain
ROC of absorbance to calculate the specificity and sensitivity.

Results

QD fluorescence emission spectrum showed that fluorescence
emission peak reached the peak around 605 nm with the peak
height of 380 (Fig. 1). Agarose gel electrophoresis showed that
the stable covalent bond was formed between water-soluble
carboxyl QD and EBV EBNAI antigen by amino and carboxyl
condensation on the surface. Water-soluble carboxyl QD and
EBV EBNALI antigen were successfully linked suggesting a
successful labeling.

There were significant differences between NPC patients
and normal controls in QD-labeled fluorescence inten-
sity (Table II).

Area under the curve (AUC) was 0.929 (95% CI,
0.871-0.987), which had statistically significant difference
compared to A=0.5 (P<0.001). The most upper and left point on
curve in Fig. 2 was selected and Youden index was calculated
according to coordinates of each point in SPSS analysis. With
the maximum tangent point of Youden index as the critical
point, the optimal threshold of FLISA fluorescence value in
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Table II. ELISA absorption results of NPC patients and normal people.

Group Minimum Maximum Mean (X) Standard deviation (S)
Serum absorption of NPC patients 0.032044 3.217905 0.97469163 0.667895186
Serum absorption of normal people 0.085533 0.690848 0.17310760 0.159114266
NPC, nasopharyngeal carcinoma.
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Figure 1. Fluorescence emission (A) and UV-VIS absorption (B) spectra of quantum dot (QD)-labeled EBNA1 antigen.

Table I11. Sensitivity and specificity of minimum and maximum
values of doubtful range.

Cut-off point Sensitivity Specificity
1.000988 0.867 0.933
1.091343 0.933 0.767

the diagnosis of NPC was 0.680817, with sensitivity of 0.917,
specificity of 0.900 and Youden index of 0.817.

A smooth curve was drawn by hand above ROC (fold line)
obtained from SPSS, which was tried to overlap the original
line as far as possible. Then it was easy to see the general trend
of ROC, which was steep in the bottom, slightly flat in the
middle and flat in the upper part. In the lower part of ROC,
the true positive rate increased quickly while the false positive
rate more slowly. After turning point (0.867 and 0.867), the
true positive rate slowed down from the vertical jump, while
the false positive rate accelerated, suggesting the two groups
of people had large overlap; Again, after turning point (0.933
and 0.233), true positive rate slowed down again, while false
positive rate fastened, suggesting the overlapping of the two
groups of people was decreased. Therefore, dubious value
should be selected between the two turning points, where there
was considerable overlapping. According to statistical results,
the corresponding cut-off points were 1.000988 and 1.091343,
the doubtful range was 1.000988 and 1.091343). Sensitivity
and specificity of the two points are shown in Table III.

Discussion

Based on an association between NPC and EB virus infec-
tion, detection of serum EB virus antibodies (e.g., EB-VCA
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Figure 2. ROC of ELISA fluorescence by non-parameter method (fold line).

IgA, EBNAI, Zta-IgA and EA/IgA) can be used for early
NPC diagnosis in the clinics (17-21). With the application of
nanotechnology in biomedical filed, quantum dot emission,
especially, with its unique physical and chemical advan-
tages, small QD, high fluorescence yield, simple connection
method and good stability, is used for detection on biological
molecules. Moreover, QD can be used as a kind of new
light-emitting marker when combined with tumor markers,
which are expected to replace traditional colloidal gold for
immune chromatography technology.

In this study, water-soluble carboxylated QD was combined
with a crosslinking agent, EDC. The reaction principle is that
-COOH on water-soluble carboxylated QD was activated
by EDC to form a medium product, which was reacted with
-NH2 on EBV EBNALI antigen to finally form a stable cova-
lent bond between EBV EBNAI antigen and QD. Agarose gel
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electrophoresis showed that the stable covalent bond was formed
between water-soluble carboxyl QD and EBV EBNA1 antigen by
amino and carboxyl condensation on the surface. Water-soluble
carboxyl QD and EBV EBNA1 antigen were successfully linked
suggesting a successful labeling. QD fluorescence emission
spectrum showed that emission peak of QD-EBV EBNA1 was
around 380 nm with good fluorescence properties.

This experiment used QD immune chromatography to
detect ELISA absorption value of standard NPC marker EB
NA1 antibody of different concentrations. By using the ROC,
the sensitivity and specificity of this technique were calculated.
However, the experiment sample size is too small to determine
the optimal concentration of positive standard, so whether serum
sample EBV EBNAL is negative or positive cannot be reasonably
judged, and further research is needed to solve this question.
Independent sample test was performed on statistical results by
using Levene test. With F test <0.1, we can obtain the results that
variance is not equal and P<0.001, namely there is statistically
significant difference between NPC group and normal control
group in absorption value of serum. Therefore, it is confirmed
that dual antigen sandwich method combined with QD immune
chromatography is feasible, thus laying a solid foundation for
further EBV EBNA1 QD immune chromatography.

Early diagnosis on malignant tumor depends on the
discovery of new biomarkers, while the progress of immune
detection also relies on the improvement of detection method.
With the application of nanotechnology in biomedical filed,
quantum dot emission, especially, with its unique physical and
chemical advantages, such as small QD, high fluorescence
yield, simple connection method and good stability, is used
for detection on biological molecules. Moreover, it can be
used as a kind of new light-emitting marker when combined
with tumor markers, which are expected to replace traditional
colloidal gold for immune chromatography technology. In
this study, the application of QD to label NPC marker EBV
EBNALI antigen was studied among NPC patients. Combined
with ELISA and immune chromatography, it is confirmed that
dual antigen sandwich method combined with QD immune
chromatography is feasible to detect EBV EBNAI antibody in
NPC patients. However, due to sample size and optimization
of antibody standard concentration, further research is still
needed to determine the detection threshold. In future studies,
we are expected to develop agent kits for detection of EBV
EBNALI antibody by QD technology and develop a small-size,
convenient and simple instrument. More detailed work is
needed for application of QD in rapid immune detection in
order to achieve QD detection with good repeatability, high
credibility, and simple operation.
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