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Abstract A sensitive, rapid and novel measurement method
for cytokeratin 19 fragment (CYFRA 21–1) in human serum
by magnetic particle-based time-resolved fluoroimmunoassay
(TRFIA) is described. Built on a sandwich-type immunoassay
format, analytes in samples were captured by one monoclonal
antibody coating onto the surface of magnetic beads and
Bsandwiched^ by another monoclonal antibody labeled with
europium chelates. The coefficient variations of the method
were lower than 7 %, and the recoveries were in the range of
90–110 % for serum samples. The lower limit of quantitation
of the present method for CYFRA 21–1 was 0.78 ng/ml. The
correlation coefficient of CYFRA 21–1 values obtained by
our novel TRFIA and CLIA was 0.980. The present novel
TRFIA demonstrated high sensitivity, wider effective detec-
tion range and excellent reproducibility for determination of
CYFRA 21–1 can be useful for early screening and prognosis
evaluation of patients with non-small cell lung cancer.
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Abbreviations
NSCLC Non-small cell lung cancer
CYFRA 21–1 Cytokeratin 19 fragment
TRFIA Time-resolved fluoroimmunoassay

BSA Ovine serum albumin
MES 4-morpholineethanesulfonic acid
NHS N-hydroxysulfosuccinimide
EDC 1-ethyl-3-(3-dimethylaminopropyl)

carbodiimide hydrochloride
Eu Europium
CLIA Chemiluminescence immunoassay
McAb Monoclonal antibody
LLOQ Lower limit of quantitation
RE Relative error
CV Coefficient of variation
SD Standard deviation

Introduction

Lung cancer is the most prevalent and generally has a very
poor prognosis worldwide, and non-small cell lung cancer
(NSCLC) accounted for about 85 % of lung cancer cases
[1]. Approximately 20 % of patients present with stage I dis-
ease [2]. The survival of patients with stage I NSCLC is re-
ported to be 60–85 % [2, 3]. By improving prognosis, early
diagnosis is paramount to improve the survival of lung cancer
patients at present [4, 5]. Additionally, these results indicate
that the other 15–30 % may have tumor cells that have
spread to lymph nodes or other tissues, and currently
available clinical practices have failed to detect these
micrometastasis, although pathologically stage I
NSCLC is considered to be able to be performed com-
plete resection [6]. Thus, it appears that a more efficient
detection method such as using serum tumor markers to
help the early screening of NSCLC, and select the
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optimal treatment modality for individual lung cancer
patients, including the use of adjuvant chemotherapy
[7].

Serum tumor markers are non-invasive diagnostic
tools for identifying malignant tumors, and are com-
monly used for the early screening of cancer and as
an indicator of treatment efficacy. Cytokeratin 19 frag-
ment (CYFRA 21–1) is a cytokeratin expressed in sim-
ple epithelium, including the bronchial epithelium, and
in malignant tumor derived from these cells. CYFRA
21–1 is the most sensitive tumor marker for NSCLC,
particularly squamous cell tumors [8]. A recent analysis
of pooled data from nine centers demonstrated CYFRA
21–1 to be an independent prognostic factor in both
early and late stages of NSCLC [9], confirming earlier
multivariate studies demonstrating its prognostic rele-
vance [10–12]. Other reports have suggested CYFRA
21–1 may also have prognostic value in SCLC [13,
14]. A number of assay methods for CYFRA 21–1
have been reported, including radioimmunoassay [9,
15], enzymelinked immunosorbent assay [16, 17], and
electrochemiluminescence immunoassay [18, 19]. These
methods have a number of disadvantages including ra-
diation hazards, short half-life of iodinated labels for
radioimmunoassay, low sensitivity and instability for
enzymelinked immunosorbent assay, and expensive
and difficult for electrochemiluminescence immunoas-
say to se t up an open sys tem. Time-resolved
fluoroimmunoassay (TRFIA) using lanthanide com-
plexes chelates as the labels was used as an ‘ideal’
immunoassay method when it was first reported by
Lovgren et al. [20]. Time-resolved fluorometry of lan-
thanide chelates has turned out to be one of the most
successful non-isotopic detection techniques, and has
been noticed as a highly sensitive method and
employed in numerous applications in the biomedical
sciences [21–28]. We first reported the application of
magnetic nanoparticles in TRFIA [29]. The combina-
tion of TRFIA and magnetic nanoparticles improves
sensitivity and significantly reduces the analysis time
via a homogenous format, and provides an interesting
alternative tool for the determination of serum tumor
markers in clinical laboratories [29–32].

We innovatively developed a novel magnetic
nanoparticle-based TRFIA, which was designed specifi-
cally as a sensitive, precise and rapid measurement
method for the early screening and prognosis evaluation
of patients with NSCLC. Thus, the purpose of the pres-
ent study was to develop a novel magnetic nanoparticle-
based TRFIA and test its application for the determina-
tion of CYFRA 21–1 in human serum. This study in-
volved measurement of parameters, such as repeatability,
recovery, linearity and feasibility.

Experimental

Reagents and Instrumentation

Bovine serum albumin (BSA), 4-morpholineethanesulfonic
acid (MES), N-hydroxysulfosuccinimide (NHS), 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDC), proclin-300 and Tween-20 were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Sephadex G-50 was
purchased from Amersham Pharmacia Biotech (Piscataway,
NJ, USA). All other chemicals used were of analytical reagent
grade and ultra-pure water obtained using a Milli-Q water
purification system (Millipore, Bedford, MA, USA) was used
throughout the experiments. Anti-CYFRA 21–1 monoclonal
antibodies (McAbs) (clone 1602 and 1605) were likewise ob-
tained from Medix (Grankulla, Finland). CYFRA 21–1 anti-
gen was purchased from BioDesign (Memphis, TN).
Magnetic nanoparticles (1101GA-03) were obtained from
JSR Life Sciences (Tokyo, Japan). A Victor3 1420 Multi-
label Counter for spectral analysis of fluorescent chelates, eu-
ropium (Eu) labeled kits were purchased from PerkinElmer
Life and Analytical Sciences (Waltham, MA, USA).

Buffer solutions used in the study were coating buffer
(0.1 mol/LMES, pH 5.0); labeling buffer (50 mmol/L
Na2CO3-NaHCO3, containing 0.9 % NaCl, pH 9.0); assay
buffer (25 mmol/LTris–HCl, containing 0.02 % BSA,
0.09 % NaCl, 0.05 % Tween-20 and 0.05 % proclin-300, pH
7.8); elution buffer (50 mmol/L Tris–HCl, containing 0.9 %
NaCl and 0.05 % proclin-300, pH 7.8); washing buffer
(50 mmol/L Tris–HCl, containing 0.9 % NaCl, 0.2 %
Tween-20 and 0.05 % proclin-300, pH 7.8), standard buffer
(50 mmol/LTris–HCl, 0.2 % BSA and 0.1 % NaN3, pH 7.8),
and blocking buffer (5 % BSA, pH 7.0).

Coating Conjugate Preparation

Covalent conjugation between magnetic nanoparticles and
anti-CYFRA 21–1 McAb (clone 1602) was carried out as
described in our previous work. Briefly, 500 μL of magnetic
nanoparticles (20 mg/mL, 2.0×109 magnetic nanoparticles/
mL in H2O) was suspended in 500 μL coating buffer. Then,
25 μL of EDC (10 mg/mL) and 40 μL of NHS (10 mg/mL)
freshly prepared were added into the above magnetic nano-
particles suspension and the resultant mixtures were incubated
at room temperature under gentle stirring to activate the car-
boxylic acid groups on the surface of the magnetic nanoparti-
cles. After incubation for 30min, the activatedmagnetic nano-
particles were magnetically isolated, followed by rinsing with
coating buffer three times. Subsequently, 100 μg anti-CYFRA
21–1McAb (clone 1602) was added to the activated magnetic
nanoparticles in 1 mL coating buffer. The reaction proceeded
at room temperature for 18 h under gentle stirring and the
mixtures were subsequently rinsed four times with assay
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buffer to remove unbound antibody using magnetic separa-
tion. The resultant magnetic nanoparticles were resuspended
in 1 mL blocking buffer at room temperature for another 3 h to
eliminate nonspecific binding effects and block the remaining
active groups. After a final rinsing with assay buffer, the mag-
netic nanoparticles–antibody conjugates were resuspended in
assay buffer and stored at 4 °C until use.

Antibody Labeling

Anti-CYFRA 21–1 McAb (clone 1605) was labeled with
Eu3+-chelates using the labeling buffer. Anti-CYFRA 21–1
McAb (clone 1605) was gently mixed in 200 μL of labeling
buffer with 500 μg of Eu3+-chelates in 100 μL of the same
buffer. After an 18-h incubation with continuous gently shak-
ing at room temperature, free Eu3+-chelates and aggregated
McAb were separated from Eu3+-McAb conjugates using a
1 cm×40 cm column packed with sepharose CL-6B (lower
20 cm), eluted with a descending elution buffer, and collected
with 1.0 mL per fraction. The concentration of Eu3+-conju-
gates in collected fraction was measured with fluorescence,
and diluted with an enhancement solution (1:1000). The fluo-
rescence in microtitration wells (200 μL per well) was detect-
ed by comparing the signal of samples to that of stock stan-
dards diluted at 1:100 in an enhancement solution. The frac-
tions from the first peak with the highest Eu3+ count were
pooled and characterized. The labeled McAb was rapidly ly-
ophilized under high vacuum after dilution with the elution
buffer containing 0.2 % BSA as a stabilizer, and stored at
−20 °C. No loss of immunoreactivity was observed during a
6-months storage period.

Preparation of CYFRA 21–1 Standards

The concentrations of CYFRA 21–1 in the six mixed
standards were prepared by diluting highly purified

CYFRA 21–1 antigen in standard buffer both as 0, 5,
25, 100 and 1000 ng/mL.

Samples and Comparison Method

All samples were kindly provided by Nanfang Hospital
(Guangzhou, China) with the CYFRA 21–1 values measured
by chemiluminescence immunoassay (CLIA) (Abbott, IL,
USA). All the patients were diagnosed on the basis of charac-
teristic clinical features and confirmed by laboratory tests.
These samples were stored at −20 °C.

Assay Protocol

The proposed immunoassay for the quantitation of CYFRA
21–1 was performed based on a sandwich type immunoassay
format by combining a TRFIA assay and immunomagnetic
separation, and was shown schematically in Fig. 1. Initially,
30 μL of standards or samples were added to each well, then
50 μL of magnetic nanoparticles coated with anti-CYFRA
21–1 McAb were added, followed by the addition of 50 μL
of assay buffer containing 300 ng Eu3+-labeled anti-CYFRA
21–1 McAb. The mixtures were subsequently incubated at
room temperature for 45 min with continuous gentle stirring.
Subsequently, the formed sandwich immunocomplexes were
drawn to bottom of the test wells and separated from free
substances by the application of a samarium–cobalt magnet.
After removing the free substances and rinsing with washing
buffer four times, 100 μL of enhancement solution was added
and then the immunocomplexes were resuspended in en-
hancement solution and the mixtures were incubated for
5 min at room temperature with stirring. Finally, the fluores-
cence signal was measured using a Victor3 1420 Multi-label
Counter. The fluorescence of Eu3+ was measured at an exci-
tation wavelength of 340 nm and an emission wavelength of
615 nm.

Fig. 1 Example of a magnetic
nanoparticle-based TRFIA
employing europium chelate label
for determination of CYFRA 21–
1
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Validation Experiment

Preliminary estimates of the lower limit of quantitation (LLOQ)
were determined by identifying the lowest concentrations, for
which the two-sided 90 % SFSTP (Societe Francaise Sciences
et Techniques Pharmaceutiques) confidence limits for percent
relative error (RE) were within 25 % of the nominal value as
described by Findlay et al. [33]. We spiked standard buffer with
purified CYFRA 21–1 to obtain 7 preparations with final con-
centrations of 0.2–20 ng/mL. Each preparation was aliquoted
(n=20) and stored at −70 °C. An aliquot of each preparation
was thawed and analyzed each day. This procedure was repeated
in 20 independent assays on different days. The bias was defined
as the difference between the overall mean of the measurements
X
� �

and the nominal value (Z). Estimated variance ofX Sxð Þwas
determined by between-run ANOVA mean square errors. RE
(%) including both bias and imprecision was estimated with
the equation: RE ¼ 100

�
Z

� �
⋅ X−Z
� �� �t0:10=2; υ⋅Sx�, and the

LLOQ was defined as the concentration where RE is 25 %
[28, 34]. Dilution linearity of assay was determined using serial
dilutions from 2-fold to 16-fold with standard buffer for serum
samples. High-dose signal saturation was performed in the range
from 5 to 2 000 ng/mL for CYFRA 21–1. The analytical recov-
ery was studied by adding purified CYFRA 21–1 antigen to
serum samples. Serum samples were measured using the same
batch of reagents on separate days for the evaluation of precision.

Statistical Analyses

Analysis of data was performed using SPSS 13.0 (Chicago,
IL, USA). Standard curves were obtained by plotting the fluo-
rescence intensity (Y) against the logarithm of the sam-
ple concentration (X) and fitted to a four-parameter lo-
gistic equation using Origin7.5 SR1 (Microcal, USA):
LogY ¼ A þ B� LogX.

Results

Standard Curve, Signal Saturation and Lower Limit
of Quantitation of the Assay

A standard curve for the immunoassay was carried out follow-
ing our protocol with a series of dilution of standards (0, 5, 25,
100, 500 and 1000 ng/mL) obtained from 10 separate assays.
Standard curve determinations were carried out using linear
regression and log-log regression. For the standard curve
depicted in Fig. 2, the best-fit calibration was determined to
be described by the following equation: LogY ¼ 3:08 þ 1:0

6� LogX (r2=0.996, P<0.0001). Signal saturation (Bhook^
effect) was seen when the range exceeded 1000 ng/mL
(Fig. 3). Within-assay coefficients of variation (n=10) using
standards were less than 10 % in the range. Graphical

Fig. 2 Standard curve and intra-assay precision profile of our novel assay
for CYFRA 21–1. Each point was based on 10 replicates

Fig. 3 High-dose signal saturation (hook-effect) of our novel assay for
CYFRA 21–1

Fig. 4 Total error was plotted as the mean bias (M) ± the 90 %
confidence limits of imprecision (U, L), and the LLOQ for CYFRA
21–1 was defined as the concentrations where RE is 25 %
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estimation indicates the lower limit of quantitation of the pres-
ent method for CYFRA 21–1 was 0.78 ng/ml (Fig. 4).

Analytical Recovery

The analytical recovery was studied by adding purified
CYFRA 21–1 antigen to 3 serum samples from different pa-
tients. The results are given in Table 1. The recoveries of
added analytes were in the range of 90–110 %.

Imprecision

Within-and between-assays imprecision were determined
using three serum samples and the same batch of reagents
on separate days as showed in Table 2. Total imprecision of
the present TRFIA assay were ranged from 3.9 to 6.9 % for
CYFRA 21–1.

Dilution

Table 3 gives the results of our evaluation of the dilution
linearity of our novel TRFIA when we used samples serially

diluted with assay buffer. Expected values were derived from
initial concentrations of analytes in the undiluted samples.
Correlating the results obtained from our novel TRFIA with
the expected concentrations, we found that the dilution curves
were linear over the whole range of concentrations. Expected
and measured values were well correlated.

Comparison with CLIA

CYFRA 21–1 in 90 clinical samples were analyzed by the
present TRFIA. The correlation of the CYFRA 21–1 values
obtained by this method and those obtained by CLIA was

Table 1 Analytical recovery of CYFRA 21–1 added to serum samples

Sample (ng/mL) CYFRA 21–1 (ng/mL)

Expected Observed Recovery

21.6 100 101.5 101.5 %

200 197.6 98.8 %

400 421.6 105.4 %

30.1 100 98.6 98.6 %

200 210.2 105.1 %

400 405.9 101.5 %

62.3 100 98.7 98.7 %

200 196.3 98.2 %

400 418.4 104.6 %

CYFRA 21–1 cytokeratin 19 fragment

Table 2 Precision of our novel assay

Sample CYFRA 21–1 (ng/mL)

Mean SD CV

Within-run
(n=12)

1 17.3 0.67 3.9 %

2 45.9 2.82 6.2 %

3 82.5 4.05 4.9 %

Between-run
(n=15)

1 18.1 1.03 5.6 %

2 47.3 3.14 6.6 %

3 84.2 5.83 6.9 %

CV coefficient of variation; SD standard deviation; CYFRA 21–1
cytokeratin 19 fragment

Table 3 Dilution Linearity of our novel assay for CYFRA 21-1

Sample Dilution CYFRA 21–1 (ng/mL)

Expected Observed Recovery

1 NA 39.2

1:2 19.6 20.1 102.6 %

1:4 9.80 9.65 98.5 %

1:8 4.90 4.98 101.6 %

1:16 2.45 2.55 104.1 %

2 NA 80.7

1:2 40.4 39.5 97.8 %

1:4 20.2 21.1 104.5 %

1:8 10.1 9.8 97.0 %

1:16 5.05 5.12 101.4 %

3 NA 146.8

1:2 73.4 73.9 100.7 %

1:4 36.7 37.3 101.6 %

1:8 18.4 17.9 97.3 %

1:16 9.18 9.32 101.5 %

NA not applicable; CYFRA 21–1 cytokeratin 19 fragment

Fig. 5 Graphical comparisons of the present TRFIA and CLIA results for
determination of CYFRA 21–1
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excellent; the regression equation was Y ¼ 0:97� Xþ 0:47
(r2=0.980, P<0.0001). The comparison of CYFRA 21–1
values obtained by the two methods (TRFIA and CLIA) was
shown in Fig. 5.

Discussion

Although the TRFIA holds great promise, limitations in the
conventional TRFIA methodology remain. For instance, the
specific antigen or antibody is usually immobilized on the
plastic surface of 96-well microplates by physical absorption;
it is unstable and can be readily washed away. Magnetic nano-
particles as nanometer materials have been successfully
employed in many areas of research, including cell separation,
biomolecule detection, DNA extraction and various immuno-
assay methodologies [35–38]. Magnetic nanoparticles with
bioactive molecules such as antibodies are very useful tools
for immunoassays. Utilizing magnetic nanoparticles-beads
could be a key to protect the specific antigen or antibody from
being washed away. Unlike conventional TRFIA, antibodies
were coupled to the surface of magnetic beads rather than
immobilized on the surface of 96-well microplates. The mag-
netic nanoparticles-beads suspended in the reaction solution
provide a relatively larger surface area. This enabled more
antibodies to be coupled to the surface, thereby reducing the
consumption of reagents and improving the immobilization of
more antibodies. This led to appreciable broadening of the
linear range of detection. Additionally, antibody-coated mag-
netic nanoparticles-beads employed as a solid phase in sus-
pension to capture analytes enabled more antigens to become
accessible within a short time. Hence, antigen–antibody equi-
librium could be achievedmore rapidly, which further reduced
the analysis time.

With the rapid development of clinical diagnosis, the com-
bined applications of serum tumor markers are paid more and
more attention by the researchers. Based on the application of
magnetic nanoparticles and dual-label, magnetic nanoparticle-
based dual-label TRFIA had been noticed as a highly sensitive
method and employed in numerous applications for simulta-
neous determination of multiple analytes [31, 32]. The exten-
sion of the present TRFIA to the simultaneous detection of
additional multiple analytes is currently under investigation.
For instance, we have focused on a magnetic particle-based
dual-label time-resolved fluoroimmunoassay for simultaneous
determination of the carcinoembryonic antigen and CYFRA
21–1 in human serum.

Conclusions

In summary, we have developed a novel magnetic
nanoparticle-based TRFIA, which was designed specifically

as a sensitive, precise and rapid measurement method for de-
termination of the CYFRA 21–1 in human serum. The present
method established here, when applied to the determination of
CYFRA 21–1 in human serum, showed excellent correlation
with the conventional CLIA kit. Additionally, this novel meth-
od demonstrated high sensitivity, wider effective detection
range and excellent reproducibility for the determination of
CYFRA 21–1, and offered the additional benefit of faster
detection, resulting in a substantially faster assay. Our novel
assay can be useful for early screening and prognosis evalua-
tion of patients with NSCLC by minimizing time and invest-
ment cost. Based on this investigation, we established a good
foundation for further development of other biomarkers using
the same platform.
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