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Abstract A fluorescence-based biosensor for mea-
suring the quantity of C-telopeptide fragments of type
II collagen (CTX-II) was developed as an osteoarthri-
tis biomarker in urine. During osteoarthritis progres-
sion, joint components such as cartilage collagen are
degraded by collagenase-protease and secreted into the
serum as CTX-II. To detect CTX-II in urine (uCTX-
II) having structural heterogeneity, conventional sand-
wich format assay does not provide sufficient accuracy.
As an alternative, a competitive immunoassay was
developed for the quantification of uCTX-II, which
uses antibody-conjugated fluoro-microbeads to gene-
rate an optical signal. After preparing the biosensing
surface, the uCTX-II sample and antibody-optical
probe conjugates were reacted on the PEG4-EKGPDP
exposed biosensing surface. The optical probes com-
peted with the uCTX-II in the sample for binding to the
immobilized PEG4-EKGPDP. This assay was able to
detect uCTX-II concentrations between 200 ng/mmol
(corrected value vs. creatinine) and 1,400 ng/mmol,
encompassing the clinical detection ranges required
for osteoarthritis diagnosis. The competitive immuno-
assay developed for uCTX-II detection was rapid and
exhibited good correlation with conventional ELISA
methods. This novel competition assay is a promising

tool for the diagnosis and monitoring of osteoarthritis
using urine samples.

Keywords: Fluorescent microbeads, Competition
immunoassay, uCTX-II, Osteoarthritis

Introduction

Osteoarthritis is a common joint disease characterized
by the loss of cartilage, which leads to joint destruc-
tion and severely impairs movement1,2. With the gen-
eral increase in life expectancy, the accompanying
rise in osteoarthritis prevalence poses a major public
health challenge3,4. Therefore, the early diagnosis of
osteoarthritis is important for the management of this
disease. Until now, the well-established diagnostic
approach for evaluating the state of diseased cartilage
entails measurement of the joint-space width using
imaging methods such as magnetic resonance imag-
ing and radiography2. Although these approaches are
useful, monitoring the progression of joint damage
over time is necessary for a reliable assessment, given
that changes in joint-space width occur slowly and are
small5. Furthermore, these techniques cannot be effec-
tively applied to all osteoarthritis patients. To over-
come these limitations, diagnostic methods using bio-
markers such as cartilage-related molecular or peptide
fragments have been developed, with the aim of detect-
ing biochemical changes in the early stages of osteo-
arthritis6-8. A method that uses the detection of bio-
markers in human biological fluids for osteoarthritis
diagnosis could significantly improve the usability
and cost of testing procedures, as well as enable more
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accurate diagnoses.
Osteoarthritis biomarkers are molecules derived from

the cartilage matrix that are released into biological
fluids such as synovial fluid, blood, and urine during
osteoarthritis progression9,10. Recently, it was reported
that these markers, which include growth factors, pro-
teases, cytokines, and joint substances, can be classi-
fied and ranked according to the burden of disease,
investigative, prognostic, efficacy of intervention, diag-
nosis of the disease, and safety of intervention criteria
(BIPEDS)11-13. Among these markers, the urinary C-
telopeptide fragments of type II collagen (uCTX-II)
is one of the principal biomarkers for osteoarthritis
assessment14,15. As osteoarthritis progresses, collagen

in the cartilage is degraded by the action of collage-
nase10. The products of collagen degradation such as
CTX-II accumulate in the synovial fluid, and are re-
leased into the serum and ultimately into urine10,16.
Therefore, uCTX-II concentration increases as a func-
tion of cartilage damage17,18.

Here, a fluorescence-based immunoassay was de-
veloped in order to detect uCTX-II in urine samples.
Serum CTX-II typically contains a cross-linked dimer-
ic epitope (EKGPDP; Figure 1). The cross-linked resi-
dues are excreted in urine as products of additional
degradation; uCTX-II may contain the EKGPDP epi-
tope or a variant monomeric epitope16,19. Based on
this structural heterogeneity of uCTX-II, the sandwich
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Figure 1. Structural properties of C-telopeptide fragments of type II collagen (CTX-II). Serum CTX-II possesses a unique cross-
linked dimeric hexapeptide (EKGPDP) epitope, while urine CTX-II exists in this form but also as monomeric variants.
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Figure 2. Schematic illustration of the fluorescent microbeads-based competitive immunoassay for uCTX-II detection. The uCTX-
II-containing urine sample is mixed in a solution containing anti-CTX-II antibodies conjugated with fluorescent microbeads,
which is applied to the biosensing substrate chip (Au, gold substrate; DTSP SAM, 3,3′-dithiodipropionic acid N-hydroxysuc-
cinimide ester self-assembling antigen-sensing monolayer; PEG, polyethylene glycol).
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format immunoassay targeting the cross-linked dimer-
ic epitope may generate an inaccurate signal. To over-
come this limitation, a competition assay for uCTX-II
detection was developed in this study (Figure 2).

For the fluorescence-based competition immuno-
assay, optical probes were prepared by conjugating
the anti-hexapeptide antibody with fluoro-microbeads
as detection molecules20,21. The uCTX-II analogue
molecule containing polyethylene glyocol (PEG) moi-
eties conjugated to the hexapeptide, PEG4-EKGPDP,
was immobilized on the biosensing surface using a
self-assembled monolayer (SAM) technique. Various
concentrations of uCTX-II in urine samples were pre-
mixed with antibody-conjugated optical probes and
applied to the biosensing surface. The probes not
bonded to the uCTX-II target were free to bind with
the PEG4-EKGPDP on the biosensing surface and
generate a signal. A quantitative assessment of uCTX-
II concentrations was made by counting the visible
fluorescent microbeads from images taken of the sam-
ples, and the specific uCTX-II signal was obtained by
comparing the nonspecific (background) signal. Using
this competition assay, accurate biosensing could be
achieved in 70 min, while conventional enzyme-link-
ed immunosorbent assay (ELISA) required about one
day for completion. Here, the successful determina-
tion of uCTX-II concentration in urine samples using
the competitive immunoassay is described. The range
of concentrations detected by this assay encompassed
the clinically significant threshold values for the diag-
nosis of osteoarthritis, making the assay potentially
useful for the evaluation and management of this dis-
ease.

Results and Discussion

Selection of an optimal biosensing surface for 
uCTX-II analysis

Based on the structural properties of uCTX-II, a com-
petitive binding principle was applied to the develop-
ment of the assay. The uCTX-II analogue was immo-
bilized on the biosensing surface, which had been
modified with an amine-reactive SAM. The solution
containing the anti-uCTX-II antibody with the target
molecule uCTX-II was applied to the surface. To deter-
mine the optimal conditions for the stable immobili-
zation of the uCTX-II analogue on the biosensing sur-
face, two types of chemically-modified surfaces were
tested, i.e., 3,3′-dithiodipropionic acid N-hydroxysuc-
cinimide ester (DTSP) and cystamine-glutaraldehyde
(Cys-GA), along with two types of analogue peptides
(EKGPDP and PEG4-EKGPDP). To generate an opti-
cal signal, the anti-uCTX-II antibody conjugated with

fluoro-microbeads was applied to the chemically-
modified biosensing surface. The test was repeated
three times to ensure reproducibility. Numerous fluoro-
microbeads were observed on the DTSP-modified sur-
face, while only a few beads were counted on the Cys-
GA-modified surface (Figure 3(A)). This suggested
that the uCTX-II hexapeptide was stably bound by
DTSP but not Cys-GA, likely due to structural differ-
ences between the two types of surface monolayers.
The optical signal from the surface modified with
PEG4-EKGPDP was slightly higher than for EKGPDP,
possibly because the anti-uCTX-II antibody has great-
er access to PEG4-EKGPDP than EKGPDP. The PEG
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Figure 3. Comparison of biosensing surface agents DTSP
and Cys-GA modified with EKGPDP or PEG4-EKGPDP.
(A) Representative images of each type of biosensing surface
with bound fluoro-microbeads. (B) The number of beads
quantified from images of each type of biosensing surface
after performing the assay (Cys-GA, cystamine-glutaralde-
hyde; DTSP SAM, 3,3′-dithiodipropionic acid N-hydroxysuc-
cinimide ester self-assembling antigen-sensing monolayer;
PEG, polyethylene glycol).
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moiety may confer flexibility to the molecule, result-
ing in increased reaction between the immobilized
PEG4-EKGPDP and the optical probes22. Quantitative
analysis of the results was performed by counting the
visible microbeads in the images of the test. For accu-
rate signal registration, the images were divided into
four equal parts and an average value was calculated
from these (Figure 3(B)). Based on these results, the
immobilization of PEG4-EKGPDP on the DTSP-
modified biosensing surface was found to be suitable
for the competition assay, and was therefore used in
the subsequent tests.

Optimization of fluorescent optical probe
concentration

In this assay, the anti-uCTX-II antibody competitively
bound the immobilized PEG4-EKGPDP on the gold
substrate in the presence of the target molecule uCTX-
II in the sample solution. In the assay, the antibodies
which have not bonded to the uCTX-II in the sample
were available to bind the PEG4-EKGPDP on the chip
surface, and an optical signal was generated by the
fluorescent label conjugated to the antibody. Because
the competitive interaction could be influenced by the
amount of antibody available for the affinity reaction,
the optimization of antibody concentration was nece-
ssary, in order to enhance the reliability of the assay.
Based on a previously described labeling method20,
various concentrations (0.001-0.015% (v/v)) of anti-
body-conjugated optical probe solution were tested. 

Results from the assay using uCTX-II peptide
(EKGPDP) concentrations from 0 to 30 ng/mL in PBS
buffer are shown in Figure 4. For optical probe con-
centrations of 0.001% and 0.004%, there were no dif-
ferences in the number of beads detected at all con-
centrations of uCTX-II peptide tested. This was pre-
sumably because at these concentrations, there was an
insufficient quantity of optical probe to compete with
the uCTX-II peptide and generate a detectable signal.
However, using a probe concentration of 0.007% result-
ed in the clear determination of uCTX-II between 0
and 10 ng/mL, although the signal reached a plateau at
10 ng/mL. As expected, the decrease in signal was pro-
portional to the uCTX-II concentration. These results
showed that the competition assay could be used for
uCTX-II detection, with a range of optical probe con-
centrations useful for obtaining a predictable dose-
response curve. Supra-maximal optical probe concen-
trations of over 0.010% were also tested, taking into
consideration the solubility limit of these molecules.
A trend of decreasing signal was observed, but the
reproducibility was poor, with an unacceptably high
signal variation (Figure 4 (inset)). Based on these find-

ings, an optical probe concentration of 0.007% was
determined to be ideal for analyzing the practical detec-
tion range of uCTX-II. 

Optimization of the uCTX-II detection assay using
urine samples 

For an accurate detection of uCTX-II in a sample, the
capture molecules on the biosensing surface should
selectively recognize the target molecule without
appreciable nonspecific binding and/or signal genera-
tion. However, human urine contains various proteins,
vitamins, inorganic molecules, and unknown biomate-
rials that can bind non-specifically to the biosensing
surface, producing an undesirably high background
signal23. Blocking the functional group on the biosens-
ing surface could effectively abolish the nonspecific
binding. To prevent the nonspecific adsorption of bio-
materials in the urine sample, the biosensing surface
was treated with blocking agents, namely ethanolamine
and bovine serum albumin (BSA)21. To confirm block-
ing efficiency, three types of biosensing surface were
prepared: unblocked surface (DTSP only), DTSP block-
ed with ethanolamine, and DTSP blocked with ethanol-
amine and BSA. A pre-mixed solution containing
0.007% (v/v) optical probe and undiluted urine sample
in a 1 : 1 volume ratio was applied to each biosensing
surface. Images of the differently modified chip sur-
faces are shown in Figure 5(A). Numerous beads were
observed on the unblocked chip modified with DTSP
only, because the amine group of the biomaterials as

402 BioChip J. (2013) 7(4): 399-407

Figure 4. Competition assay of uCTX-II in PBS solution for
various concentrations of fluoro-microbeads. The range of
uCTX-II concentrations tested was between 0 and 30 ng/mL.
The assay was performed three times; the graph represents an
average from three experiments, with the error bars indicating
standard deviation. 
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well as the optical probes could readily bind the amine-
reactive group of DTSP via an amide bond (Figure
5(A), left panel). However, after sequential blocking
with ethanolamine and BSA, the number of visible
beads decreased significantly (Figure 5(A), middle
and right panels). The images were analyzed to regis-
ter signal values (Figure 5(B)). These results indicated
that the use of blocking agents (i.e., ethanolamine and
BSA) reduced the nonspecific binding of biomolecules
in the urine sample and optical probes to the biosens-

ing surface by masking the exposed functional group.
Next, the time required for the uCTX-II competition

immunoassay was determined. Although the biosens-
ing surface was blocked by ethanolamine and BSA,
prolonged exposure to optical probe could result in
non-specific aggregation of microbeads on the chip
surfaces. The competition assay was performed using
200 and 1,400 ng/mmol of uCTX-II in human urine
for 10 min and 1 h, respectively. Because biomarkers
in human urine are typically expressed as a ratio with
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Figure 5. Optimization of the biosensing surface for uCTX-II detection in urine. (A) Blocking test of DTSP-modified biosensing
surface using ethanolamine and BSA. (B) Average number of beads counted from three types of biosensing surface (unblocked;
blocked with ethanolamine; and blocked with ethanolamine and BSA). The assay was performed three times; the graph represents
an average from three experiments, with the error bars indicating standard deviation. (C) Optimization for reaction time course.
The optical signal for two concentrations of uCTX-II was determined at 10 min and 1 h.
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respect to the urinary creatinine concentration, the
concentration of the prepared uCTX-II was corrected
using the following calculation24,25:

Corrected CTX-II value (ng/mmol)
1000×CTX-II conc. from ELISA (ng/mL)

==mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Conc. from creatinine (mmol/L)

With an assay time of 10 min, the differential opti-
cal signals of 200 and 1,400 ng/mmol concentrations
of uCTX-II were distinguishable (Figure 5(C)), indi-
cating that the background signal resulting from non-
specific binding of the optical probes was reduced by
decreasing the time for the reaction. Many fluoro-
microbead aggregates were observed when the assay
was carried out over a period of 1 h, and the prolong-
ed incubation abrogated the difference in the number
of beads that was observed for the different concen-
trations of uCTX-II tested at the shorter incubation
time. Based on these results, the selected condition
for the competition assay included a blocking step
using ethanolamine and BSA, and a reaction time of
10 min.

uCTX-II analysis of urine samples using the optical
immunosensor assay

To verify the applicability of the competition assay
using immunosensor, urine-based uCTX-II samples
were prepared by adding CTX-II peptide (EKGPDP)
to human urine samples. In healthy individuals, the
uCTX-II concentration in urine is generally below
400 ng/mmol, which is used as a cut-off value for the
assessment of osteoarthritis17,18. The range of uCTX-
II concentrations tested in these experiments (200-
2,400 ng/mmol) was selected to include values both
above and below this clinical cut-off value, while ful-
filling the requirements for a determination of osteo-
arthritis. The uCTX-II samples were mixed with opti-
cal probes and applied to the PEG4-EKGPDP-modifi-
ed biosensing surface. The results of the competition
assay are shown in Figure 6(A). The counted number
of fluoro-microbeads was inversely proportional to
the uCTX-II concentration between 200 and 1,400
ng/mmol. Although the optical signal leveled off at
concentrations above 1,400 ng/mmol, the clinically
required detection range of uCTX-II diagnosis was
covered because uCTX-II concentration in osteoarthri-
tis patients is usually below 1,000 ng/mmol17. The
calculated limit of detection (LOD) of the developed
assay was ~50 ng/mmol. These data demonstrated
that the detection of uCTX-II in urine samples was
possible using the developed chip-based competition
assay.

To verify the accuracy of the competition assay, the

results were compared to those obtained using a com-
mercially available ELISA kit (Figure 6 (B)). Samples
were first assayed for uCTX-II using the ELISA kit;
the uCTX-II in the same samples was then measured
using the competition assay. Because the optical sig-
nal was saturated at uCTX-II concentrations above
1,400 ng/mmol, results were compared only for the
range of uCTX-II concentrations from 200 to 1,400
ng/mmol. Results obtained using the two approaches
were highly correlated (R2==0.97; Figure 6(B)). The
slope of the curve was 1.05, indicating high concor-
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Figure 6. (A) Quantitative analysis of uCTX-II in urine as
determined by the competition immunoassay, for uCTX-II
concentrations ranging from 200 to 2,400 ng/mmol. The assay
was performed three times; the graph represents an average
from three experiments, with the error bars indicating standard
deviation. The binding of the optical probe to the substrate at
different uCTX-II concentrations is shown in the inset. (B)
Correlation analysis between the competition immunoassay
and a standard ELISA with respect to uCTX-II detection.
uCTX-II concentrations ranging from 200 to 1,400 ng/mmol
are plotted. The assay was performed in triplicate; the graph
represents an average from three experiments, with the error
bars indicating standard deviation. 
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dance of the values. The signal recovery of developed
assay to conventional ELISA was calculated as 102%
±10% for the uCTX-II analysis. To examine the intra-
and inter-assay variation, the same uCTX-II samples
were assayed multiple times. The coefficients of varia-
tion of the optical signal for a sample, calculated from
a minimum of three repeats of the assay conducted in a
day, was approximately 10%, indicating that the com-
petition assay could reliably be used for diagnostic
purposes. 

Overall, the competition assay was simpler than
ELISA because the antibody-conjugated optical probes
produced a detectable optical signal within a very
short time. Thus, an accurate measurement of uCTX-
II in urine samples was obtained within 70 min, while
the conventional ELISA required more than 20 h for
completion. The results indicated that the chip-based
competition assay using urine samples is as accurate
and reliable as the conventional ELISA test, but is
superior in terms of rapidity and simplicity. 

Conclusions

The objective of this study was to develop an optical
biosensor for the detection of uCTX-II as a diagnostic
tool for osteoarthritis. The competition-based assay,
which relies on fluoro-microprobes conjugated to an
antibody against the uCTX-II hexapeptide, was used
successfully in a quantitative analysis of uCTX-II in
urine samples. The assay enabled a simpler and more
rapid assessment of uCTX-II levels as compared to the
conventional ELISA, without compromising accuracy.
The assay covered the clinically relevant detection
range for uCTX-II while employing a straightforward
quantification method, i.e., counting fluoro-micro-
beads on a chip surface. Taken together, the results
indicate that this novel assay can be used as an alter-
native to the ELISA for the diagnosis of osteoarthritis.
Clinical validation of the developed uCTX-II assay
would be achieved through collaboration with clini-
cians, which is currently underway.

Materials and Methods

Reagents and apparatus

FluoSpheres Carboxylate-Modified Microspheres
(excitation and emission wavelength==540 and 560
nm, diameter==200 nm) were purchased from Mole-
cular Probes. N-Hydroxysulfosuccinimide sodium salt
(sulfo-NHS), 1-ethyl-3-(3-dimethylaminopropyl) car-
bodiimide (EDC), L-lysine, 3,3′-dithiodipropionic acid
N-hydroxysuccinimide ester (DTSP), ethanolamine,

sodium bicarbonate, Triton X-100, cystamine dihydro-
chloride (Cys), and GA were obtained from Sigma-
Aldrich. PEG (MW==3.4 kDa) was acquired from Poly-
sciences, Inc. Sodium carbonate anhydrous was obtain-
ed from DC Chemical Co., Ltd. Sodium chloride was
purchased from Duchefa Biochemie. Phosphate buf-
fered saline (PBS) was supplied by Thermo Scientific.
Bovine serum albumin (fraction V; BSA) was obtain-
ed from bioWorld Inc. 2-(N-morpholino)ethanesul-
fonic acid (MES) was purchased from Bio Basic, Inc.
The EKGPDP and PEG4-EKGPDP peptides were
synthesized by Peptron Inc. The anti-CTX-II antibody
was produced and purified by Abclone Ltd. The ELISA
kit was purchased from IDS. The urine samples were
obtained from Bio-Rad (human, product number Q-
1513). PBST (50 mM PBS, 150 mM NaCl, 0.1% Triton
X-100, pH 7.4), PBSTB (PBST with 0.1% BSA, pH
7.4), and all solutions were prepared in double-distill-
ed, deionized water (DDW) with a specific resistance
greater than 18 MΩ-cm. The concentration of urinary
creatinine was measured by the Reflotron Plus system
(Roche). Fluorescence in samples was visualized and
images were acquired using a fluorescence microscope
(Leica DM 4000B; Leica) connected to a CCD camera.
Fluorescence in acquired images was quantified using
Image J software (National Institutes of Health, Bethe-
sda, USA). 

Optical probe synthesis by conjugation of 
anti-CTX-II antibody with fluoro-microbeads

The conjugation of anti-CTX-II antibody with fluoro-
microbeads was accomplished using a previously pub-
lished protocol20. We diluted 400μL of 0.1% carboxy-
lated fluoro-microbeads in MES buffer. Then, 20 μL
of 5 mM EDC and 20 μL of 8 mM sulfo-NHS were
added for 15 min to activate the carboxyl group of the
microbeads, after which 100 μL of 50 μg/mL anti-
CTX-II antibody was added to the reaction for 2 h. 20
μL of 1 M L-lysine in 0.008% PEG was reacted for 2
h to block the remaining reactive carboxyl groups of
the microbeads to prevent non-specific binding. The
antibody-conjugated fluoro-microbeads (i.e., optical
probes) were diluted in PBSTB. Diluted probes of
0.001-0.015% (v/v) were prepared and tested to assess
signal generation as a function of probe concentration.

Fabrication of biosensing surface

Prior to the preparation of the biosensing surface, the
gold substrate was cleaned with piranha solution com-
posed of sulfuric acid and 30% hydrogen peroxide
solution in a 4 : 1 ratio. Two different substrate mono-
layers were created using the agents DTSP and Cys-
GA, and were compared in terms of their ability to im-
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mobilize two uCTX-II analogue molecules, EKGPDP
and PEG4-EKGPDP. The DTSP SAM was formed by
dipping the chip substrate into a 5 mM DTSP solution
in DMSO for 2 h at room temperature. The chip was
rinsed with DMSO, ethanol, and DDW. After drying,
1 mM EKGPDP or 1 mM PEG4-EKGPDP peptide in
0.1 M PBS was applied to the chip. The Cys-GA SAM
was made by immersing the chip surface into 5 mM
Cys in DDW for 2 h, followed by 0.25% GA diluted
in DDW for 1 h at room temperature. After rinsing
with DDW, 1 mM EKGPDP or 1 mM PEG4-EKGPDP
was applied to the chip. After washing each chip with
PBS, the unreacted amine-reactive groups were quen-
ched by adding 10 mM ethanolamine in 0.1 M bicar-
bonate buffer (pH 9.4) for 30 min. The biosensing sur-
faces were incubated with PBSTB for 30 min, and
stored in PBS at 4�C until use.

Preparation of urine supplemented with CTX-II
(uCTX-II)

To evaluate the utility of the competitive immunoassay
for uCTX-II detection in urine, uCTX-II supplement-
ed analytes were prepared from urine samples (Bio-
Rad). The samples were spiked with CTX-II peptide
at concentrations ranging from 1.5 ng/mL (corrected
value vs. creatinine, 200 ng/mmol) to 15 ng/mL (2,400
ng/mmol). The uCTX-II in each sample was first mea-
sured using a CartiLaps ELISA kit, and then applied
to the biosensing chip for the competitive immuno-
assay.

Determination of reaction time course

To verify the time course of the competition reaction,
the optical probe signals at 10 min and 1 h were com-
pared. The 200 and 1,400 ng/mmol uCTX-II samples
were mixed with 0.007% (v/v) optical probe solution
in a 1 : 1 volume ratio. The 50μL pre-mixed solutions
were applied to the biosensing surface for 10 min and
1 h, and the number of fluorescent beads was counted
at each time point.

Analysis of uCTX-II levels in urine by competitive
immunoassay

To analyze uCTX-II levels in urine using the devel-
oped assay, urine samples of various uCTX-II con-
centrations were prepared. Samples were mixed with
0.007% (v/v) optical probe solution in a 1 : 1 volume
ratio. The 50 μL pre-mixed solutions were applied to
the PEG4-EKGPDP immobilized biosensing surface
for 10 min. The DTSP-modified surface without PEG4-
EKGPDP was used to determine background signal
arising from nonspecific binding. The optical probes

bound to the biosensing surface were visualized by
fluorescence microscopy at 100× magnification. A
green filter was used to match the absorption wave-
length to the fluoro-microbeads (absorption, 540 nm;
emission, 560 nm). ImageJ software was used to count
the number of beads in the image analysis. Each image
was divided into four areas of similar size, and the
average number of beads in the four areas was calcu-
lated. The specific signal was obtained by subtracting
the background signal.
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