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Abstract: The serum level of soluble CD44 is directly associated with several

clinic-pathological parameters of malignant diseases. The development of easy and
cost-effective detection method for soluble CD44 is in great need for both diagnosis
and treatment of cancers. In this work, a simple photoelectrochemical (PEC) method
for sensitive detection of serum-soluble CD44 is proposed based on the construction
of a hybrid anti-fouling coating on TiO, substrate. Hyaluronic acid (HA) and
polyethylene glycol (PEG) are co-immobilized using a biomimetic one-step surface
functionalization approach. The immobilized HA shows strong recognition abilities
towards soluble CD44, and the synergistic anti-fouling effect achieved by the
combination of PEG and HA improves the sensing specificity. Based on the inhibitory
effect of CD44 recognition on the PEC signal of TiO, substrate, a PEC biosensor is
developed with a wide response range and a low detection limit. The development of
antibody-free biosensors may promote the application of soluble CD44 as a biomarker

for diagnosis and treatment of malignant diseases.

KEYWOEDS: soluble CD44; serum biomarker; hyaluronic acid; polydopamine
coating; titanium dioxide
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1. INTRODUCTION

CD44 is a cellular adhesion molecule expressed on the surface of many cell
types. It plays an important role in cell-cell and cell-matrix interactions. The aberrant
expression of CD44 is correlated with tumor progression and metastasis. Proteolytic
cleavage can produce the serum-soluble form of CD44 which can be released into
circulation.! Recent studies have revealed that serum level of soluble CD44 is
associated with several clinic-pathological parameters of cancers.?? Soluble CD44 is
now used as a potential biomarker for the early detection of a range of malignant
diseases.*> The determination of soluble CD44 in serum samples relies on the
traditional ELISA assay where the enzyme and antibody-involved immunoassay is
complex and expensive.’ The development of antibody-free and cost-effective method
for sensitive determination of soluble CD44 is in great need for both diagnosis and
treatment of cancers.

Hyaluronic acid (HA), an anionic linear biopolymer composed of D-glucuronic
acid and N-acetylglucosamine, is the main glycosaminoglycan of the extracellular
matrix. CD44 is the principal cellular surface receptor for HA. The interactions
between HA and CD44 are associated with many cell behaviors such as migration and
proliferation.® While CD44 is a promising therapeutic target for metastasizing tumors,
HA is widely used in targeted drug delivery, tumor diagnosis and treatment.’”® Based
on the specific and strong affinity with CD44, HA is also used as a bio-recognition
element for capture and enrichment of circulating tumor cells which are
CD44-overexpressing.” However, there are few report about the quantitative
determination of soluble CD44 based on the specific interaction between HA and
CD44.10

Compared with other methods, such as ELISA assay and plasmonic mass
spectrometry!!, photoelectrochemical (PEC) biosensing method recently has received
more and more attention because it inherits and combines the advantages of photo and
electrochemical methods, such as the use of simple instrument, ease of operation, and

high sensitivity.!>'* The various emerging semiconductor nanomaterials can be easily
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incorporated into the sensing platform enabling a variety of novel detection
strategies.!>-1® TiO, nanoparticles (NPs) are the most popular and successful
nanomaterials for the construction of PEC biosensors due to the advantages of easy
preparation and high photoelectric conversion efficiency.!” A weakness of TiO, NPs
for the application in biosensing is the UV response which may induce a damage to
the biomolecules.!® In previous works, we have utilized the versatile mussel-inspired
polydopamine (PDA) surface chemistry for the coating of semiconductor NPs to
improve the visible light response and construct a biosensing interface.!”?° The
reactivity of PDA coatings enables the facile immobilization of molecules which
contain amino groups or thiols.??> Furthermore, both small molecules and
macromolecules can be attached to substrates using a one-step immobilization
strategy.?3-?* The immobilization of HA molecules on substrates using one-pot
approach has been reported.?

While the adhesive property of PDA enables the facile immobilization of HA
molecules, it may also encounter the problem of protein fouling which is undesired
for biosensing. In consider of the complicated matrix of serum samples, the
fabrication of an anti-fouling sensing interface is an appealing strategy for reducing
the undesired protein fouling. Polyethylene glycol (PEG) is the most widely used
anti-fouling material to inhibit the adsorption of protein.??® The excellent
anti-fouling property of PEG originates from not only the strong hydrophilicity, which
can form a hydration layer at the interface, but also the large molecular weight, which
has steric repulsion effect of entropy decrease.?’ Due to the easy-to-modify structure,
PEG has been successfully modified on various drug delivery systems to improve the
circulation time, especially the nanocarriers.>!-33 The application of PEG in the
construction of anti-fouling sensing interface seems not fully exploited, possibly
because the lack of effective immobilization method on sensing interface.

In this work, PEG and HA molecules are co-immobilized on TiO, substrate
using one-step surface functionalization to construct a PEC sensing interface (Scheme
1). While HA also possesses the high hydrophilicity and anti-fouling property, a good
anti-fouling effect is expected by the combination of PEG and HA. The PDA coating
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not only enables the simple immobilization of PEG and HA, but also enhance the
visible light response of TiO, substrate. The specific recognition of soluble CD44 by
the immobilized HA induces a significant decrease of the PEC signal, which enables
the sensitive detection of soluble CD44. As far as we know, this is the first report
about the fabrication of a PEC biosensor for soluble CD44 based on the specific

interaction between HA and CD44 and the construction of PEC anti-fouling surface.

2. EXPERIMENTAL SECTION

2.1. Materials and reagents

Tris(hydroxymethyl)aminomethane (Tris), dopamine hydrochloride (DA),
polyethylene glycol 4000 (PEG), hyaluronic acid (HA) and L-ascorbic acid (AA)
were purchased from Shanghai Macklin Biochemical Co., Ltd. (Shanghai, China).
Bovine serum albumin (BSA) was obtained from Shanghai Aladdin Biochemical
Technology Co., Ltd. (Shanghai, China). CD44 was purchased from Novoprotein
Scientific Inc. (Shanghai, China). Tetrabutyl titanate (TBT) and ethanol were
purchased from Sinopharm Chemical Reagent Co., Ltd. All of the reagents used in the
experiments are the analytical reagent grade. ITO glass supplied by China South Glass
Holdings Ltd. was used as a working electrode. The ITO electrodes (2.5 cm % 0.8 cm)
were continuously cleaned by ultrasound in acetone, ultra-pure water, ethanol and

ultra-pure water for 30min.

2.2. Apparatus

Scanning electron microscope (SEM) images were obtained using a field
emission SEM (Zeiss, Germany). High resolution transmission electron microscope
(HRTEM) images were obtained using a field emission HRTEM (JEOL 1400, Japan).
X-ray power diffraction (XRD) was acquired by a D8 advance X-ray diffractometer
(Bruker AXS, Germany). OCA15EC (Dataphysics, Germany) was used to measure
the static water contact angle at differently modified ITO electrodes. The PEC and

EIS measurements were tested at room temperature on a Zahner PEC workstation
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(Zennium-PP 211, Germany) using a conventional three-electrode system.

2.3. Preparation of TiO, NPs

TiO, NPs were synthesized according to the reported methods with minor
modification.?¥ TBT (1 mL) was firstly dissolved in 40 mL ethanol at room
temperature. Then, 40 mL of ultrapure water was added dropwise to the above
solution with vigorous stirring, and the mixture was stirred for 30 minutes. Next, the
final suspension solution was transferred into a 100 mL Teflon-lined autoclave, and
maintained at 180 °C for 12 h. After cooling to room temperature, the resulting
product was centrifuged and rinsed with absolute ethanol and ultrapure water for
several cycles to remove residual impurity. The sample obtained by vacuum drying

and grinding was then stored at 4 °C.

2.4. Construction of the hybrid coating on TiO, substrate

As depicted in Scheme 1, the construction of PDA-HA or PDA-HA-PEG hybrid
coatings on TiO, modified ITO electrodes were performed in a one-pot method.
Dispersions of TiO, NPs in water with different concentrations were handled with
ultrasonic for 30 min. And then 10 pL. of TiO, NPs dispersion was dropped onto the
conductive side of the ITO classes to maintain a PEC active area of about 0.20 cm?
(D=0.5 cm). After drying, it was annealed in the muffle furnace at 400 °C for 1 h, and
then cooled to room temperature. The TiO, modified ITO classes (ITO/TiO;) were
immersed into freshly-prepared DA solutions of 2 mg/mL buffered with Tris-HCI
(pH=8.5, 0.1 M) with HA (2 mg/mL) and/or different concentrations of PEG. After 2
h, the hybrid film coated ITO/TiO, were rinsed by ultrapure water and used as
working electrodes for the evaluation of anti-fouling property and the PEC sensing of

the soluble CD44.

2.5. Characterization of the successful formation of hybrid coatings
For the confirmation of the successful formation of hybrid coatings on TiO,

substrate, static water contact angle measurements and SEM were performed. Water
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contact angle of different modified ITO electrodes was measured at standard
atmospheric pressure and 50% air humidity. The prepared ITO/TiO,, ITO/TiO,/PDA,
ITO/TiO,/PDA-HA and ITO/TiO,/PDA-HA-PEG electrodes were blown dry with
nitrogen. Each electrode was tested three times, and the average value of the water

contact angle was determined.

2.6. Investigation of the anti-fouling property of PEC sensing interface

The anti-fouling property of the fabricated sensing platform was evaluated by the
EIS and PEC current changes before and after protein fouling. In a typical
experiment, different modified electrodes were immersed in electrolyte solution (2.5
mM K;3Fe(CN)g and 0.1 M KCI) to establish stable EIS base responses, and then their
EIS responses were recorded in the same electrolyte again after soaking in PBS
(pH=7.4, 0.1 M) with 0.5 mg/mL protein (BSA, IgG, BNP or PSA) solution for 1h. In
the same way, the photoelectric responses of different the modified electrodes before
and after soaking in protein solution were recorded. EIS spectrum applications range
in frequency from 0.1 Hz to 100 kHz. All of the photocurrent response tests were
carried out in AA solutions buffered with 0.1 M PBS. The wavelength of the

excitation light source is 450 nm with a bias potential of 0.0 V.

2.7. Investigation of the performance of the PEC biosensor

In order to optimize the performance of the PEC biosensor, the experimental
conditions were optimized. The detailed optimization process of TiO, concentration,
polymerization time of biomimetic film, AA concentration, PEG concentration,
incubation temperature and incubation time of CD44 were in the support information
(Figure S1, S2 and S3).

EIS and PEC responses of ITO/TiO,/PDA-HA-PEG electrodes after soaking in a
CD44 (10 ng/mL) solution and a mixed solution of CD44 (10 ng/mL) and BSA (0.5
mg/mL) were recorded, respectively, to investigate the selectivity of the sensor. The
PEC biosensor modified with CD44 (10 ng/mL) was tested for 12 consecutive cycles

of on and off light irradiations to test the signal stability of the biosensor. In addition,
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in order to test the storage stability of the biosensor, the photocurrent of the
biosensor modified with 10 ng/mL of CD44 was tested. And then, the photocurrent
was again tested after storage for one week in an environment of 4 °C. Six
ITO/TiO,/PDA-HA-PEG electrodes modified with CD44 (10 ng/mL) to evaluate the

fabrication reproducibility.

2.8. PEC detection of CD44

The constructed functionalized PEC biosensors were immersed into CD44
solutions with different concentrations (0.001 - 500 ng/mL) and incubated for 1 h.
Then the PEC biosensors were rinsed with ultrapure water. Each concentration was
tested three times, and the average value of the photocurrent was determined to build
the work curve.

For real sample analysis, blood (purchased from Shandong Provincial Hospital
of Traditional Chinese Medicine) was centrifuged at 3000 rpm for 10 min. The serum
from the upper layer is taken out and diluted to the volume of the original blood. The
content of CD44 in human serum was detected first. And then, the CD44 levels in the
serum samples were measured after adding the standard CD44 solutions with different

concentrations (30, 60 and 90 ng/mL).

3. RESULTS AND DISCUSSION

3.1. Characterization of TiO, NPs

TiO, nanoparticles with narrow size distribution and an average diameter of 30
nm were synthesized (Figure 1A). The EDS characterization (Figure 1B) proved that
the TiO, NPs we synthesize has a high purity. The XRD patterns (Figure 1C)
confirmed that TiO, NPs are of anatase form. The strong and sharp diffraction peaks

confirmed the high crystallinity and purity of the materials.

3.2. Characterization of PDA-HA-PEG biomimetic films

The static water contact angle measurements scan reflect the wetting property of
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the solid interface. In consider of the unique hydrophilicity of HA and PEG, the
surface attachment on PDA coating was confirmed by the changes of water contact
angle. The obtained water contact angles of the electrodes with different degrees of
modification are shown in Figure 2 and Table S1. The water contact angles of
ITO/TiO; electrode was 37.0° (Figure 2A). After coating with PDA, the contact angle
of the surface decreased from 37.0° to 32.0° (Figure 2B), indicating moderate
hydrophilicity of the PDA coatings. When HA was modified on the electrode surface,
the water contact angle of the electrode surface was further reduced to 25.1° (Figure
2C). When HA and PEG were simultaneously doped onto the surface of the
ITO/TiO,/PDA electrode, the water contact angle was further decreased to 20.0°
(Figure 2D). The improved hydrophilicity through the combination of HA and PEG
may contribute to a better anti-fouling property.

The surface morphologies of different modified electrodes were characterized by
SEM (Figure 3). It can be seen from Figure 3A that TiO, NPs agglomerated into
microspheres attached to the ITO electrode surface. As shown in Figure 3B, there is a
PDA coating on the surface of ITO/TiO,/PDA electrode. It can be seen from the inset
of Figure 3B that that the PDA coating is composed of PDA pellets. With the
introduction of high hydrophilic polymers HA (Figure 3C) and PEG (Figure 3D), the

surface of the electrode gradually becomes smooth.

3.3. Investigation of the influence of PDA-HA-PEG hybrid coating on the
photoelectric response of biosensor

In order to study the influence of PDA-HA-PEG hybrid coating of TiO,, the
photocurrent responses of ITO/TiO, electrode before and after PDA-HA-PEG
biomimetic film modification was recorded. As shown in Figure 4, the photocurrent
of ITO/Ti0,/PDA-HA-PEG electrode (30.79 pA, red curve) is much higher than that
of ITO/TiO, electrode (9.83 pA, black curve). The results show that PDA-HA-PEG

biomimetic film can improve the visible light response of the ITO/TiO; electrode.

3.4. Investigation of anti-fouling property of PEC biosensor
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In order to evaluate the anti-fouling property of the PEC biosensor, EIS (Figure
5A, B and C) and photocurrent responses (Figure 5D, E and F) of different modified
electrodes before (black curve) and after (red curve) soaking in BSA solution were
recorded to compared the difference. As shown in the Figure 5, the impedance
spectrum includes the semicircle part with higher frequency and the linear part with
lower frequency. The semicircle part is equivalent to the electron transfer resistance
(Ret), which reflects the limited diffusion of the redox probe in the multilayer system.
As shown in Figure 5A, compared with the R, value of ITO/TiO,/PDA electrode
before soaking in BSA solution, the R, value was significantly increased after
soaking in BSA solution, indicating an apparent protein fouling. Although the
modification of the PDA coating increases the hydrophilicity of the ITO/TiO,
electrode, it can be coupled with the protein due to the adhesive of the PDA coating,
which makes the ITO/TiO,/PDA electrode exhibits poor anti-fouling property. A
large amount of BSA is adsorbed on the surface of ITO/TiO,/PDA electrode, which
hinders electron transfer and leads to the increase of the R, value. The incorporation
of HA and PEG into PDA coatings also induces an increase of R value. This may be
due to the HA and PEG, as non-conductive polymers, can hinder electron transfer to
some extent.?® The PDA films have been reported possess the semi-permeability.3>
However, the hybrid films show enhanced protein anti-fouling effect. Compared with
ITO/TiO,/PDA celectrode, the R value of ITO/TiO,/PDA electrode (Figure 5B)
changes little, which proves that the introduction of HA enhances the anti-fouling
ability of the surface of the ITO/TiO,/PDA electrode. Comparatively, less obvious
change of R, value was obtained for ITO/Ti0,/PDA-HA-PEG electrode (Figure 5C),
demonstrating the synergistic anti-fouling effect of HA and PEG. This may be
because the surface of the ITO/TiO,/PDA-HA-PEG electrodes has stronger
hydrophilicity and the PEG has a steric repulsion effect of entropy decrease, which
can reduce the protein adsorption on the surfaces.3°

The anti-fouling effect can also be monitored by the change of PEC currents. We
have previously reported the enhancement effect of PDA coatings on PEC currents.

Although the incorporation of HA and PEG into PDA coatings increase the R value,

ACS Paragon Plus Environment

Page 10 of 30



Page 11 of 30

oNOYTULT D WN =

ACS Applied Materials & Interfaces

an obvious enhancement effect on PEC currents were achieved for hybrid coating.
This may be because the introduction of HA and PEG inhibits the agglomeration of
dopamine, making the PDA coating smoother, which increases the absorption of light
by Ti0,.2> 37 The inhibitory effect of protein attachment on PEC currents have been
well demonstrated by the reported PEC biosensors. As shown in Figure 5D, as
expected, the photocurrent of ITO/TiO,/PDA electrode after soaking in BSA solution
was significantly reduced. BSA adsorbed on the ITO/TiO,/PDA electrode hindered
the surface reaction between AA and the photo-induced holes, which will lead to the
decrease of the photocurrent. The photocurrent of the ITO/TiO,/PDA-HA electrode
(Figure S5E) decreased slightly after immersion in BSA solution, compared with the
ITO/TiO,/PDA  electrode. In consistent with the EIS measurements,
ITO/TiO,/PDA-HA-PEG electrode shows better anti-fouling effect toward the
adsorption of BSA (Figure 5F).

In order to verify the anti-fouling property of PEC biosensor towards proteins, a
common interfering serum protein, IgG, and two common protein biomarkers usually
present in serum, BNP and PSA, were further used as biofouling agents. Based on the
EIS and PEC evaluations, the hybrid film coated PEC biosensor
ITO/TiO,/PDA-HA-PEG also shows good anti-fouling property towards IgG (Figure
S5A and D), BNP (Figure S5B and E)and PSA(Figure S5C and F).

While the non-specific adsorption of protein can be effectively inhibited by the
incorporation of PEG, the recognition ability of HA towards soluble CD44 is still in
demand. As the same to the investigation method of protein fouling, the recognition
abilities of the fabricated PEC electrodes were also evaluated by the EIS and
photocurrent measurements. The soaking of ITO/TiO,/PDA-HA electrode into a
CD44 solution (10 ng/mL) induces significant increase of R value (Figure 6A) and
decrease of photocurrent (Figure 6C), which can be explained by the attachment of
CD44 on the electrode. The similar changes of R, value (Figure 6B) and photocurrent
(Figure 6D) for the soaking of ITO/TiO,/PDA-HA-PEG electrode into a same
solution indicate that the recognition ability of HA is well retained after the

introduction of PEG.
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3.5. Characterization of the performance of PEC biosensors

The sensing performance of the fabricated electrode towards the target protein
can be further demonstrated by the recognition specificity for mixed solutions. The
EIS (Figure 7A) and photocurrent responses (Figure 7B) of ITO/Ti0,/PDA-HA-PEG
electrode for a CD44 solution and a mixed solution of CD44 (10 ng/mL) and BSA
were recorded. It can be seen that the presence of BSA (50 times in concentration) has
little influence on the recognition of CD44. A balance between the protein
anti-fouling and target protein recognition has been achieved by the proposed hybrid
coating method.

The signal stability and fabrication reproducibility are two major indicators
affecting the performance and usability of the PEC biosensor. It can be seen from
Figure 8A that the photocurrent was relatively stable, and the relative standard
deviation (RSD) of 12 consecutive cycles was 0.76%. In addition, the photocurrent of
the biosensor after storage for one week decreased by only 5.7%. The RSD of the six
different biosensors was 1.2% (Figure 8B). The results showed that the proposed

biosensor had good stability and reproducibility.

3.6. Quantitative determination of soluble CD44

With the best conditions, the constructed PEC biosensor was used to determine
CD44 in several standard solutions with different concentrations and the photocurrent
response of PEC biosensor reflected the concentration of CD44 was recorded. As
shown in Figure 9A, as the concentration of CD44 increased, the photocurrent
gradually decreased. Therefore this PEC method can be used to quantitatively detect
CD44. Figure 9B showed that there is a good linear relationship between the
photocurrent and the logarithm value of CD44 concentration in the range from 0.005
ng/mL to 500 ng/mL. The linear equation was [ = -3.28 lgc +20.67 (R*=0.998), and
the detection limit (S/N=3) was 0.44 pg/mL. Compared to other methods, the sensor

has a wide detection range and a low detection limit.38-4!
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3.7. Real sample analysis

In order to analyze the application property of the constructed PEC biosensor in
the actual analysis, the recovery of different concentrations of CD44 in the serum
samples were tested. As shown in Table 1, the recovery of different concentrations of

CD44 ranged from 100.5% to 102.95%, and the RSD ranged from 2.04% to 2.35%.

4. CONCLUSIONS

In summary, the HA and PEG were successfully co-immobilized on TiO,
substrate using one-step PDA surface functionalization to construct a PEC biosensor
for high sensitivity detection of CD44. The presence of PDA greatly increases the
photoelectric response of TiO,. At the same time, due to the good anti-fouling
property of PEG, the introduction of PEG into the surface of the PEC biosensor
makes the PEC biosensor also have excellent anti-fouling property while maintaining
the sensitive detection of CD44. The constructed PEC biosensor had a wide assay
range from 0.005 ng/mL to 500 ng/mL and a low detection limit of 0.44 pg/mL. Due
to high sensitivity and anti-fouling property, the platform has broad application

prospects in the development of biosensors and clinical application of biosensors.

Supporting Information

Supporting materials include the optimization conditions of PEC biosensor fabrication
and sensing, the static water contact angles values of the different electrodes, the
stability test of ITO/Ti0, electrode, the Nyquist plots of EIS and photocurrent
responses of the PEC biosensor before and after soaking in IgG, BNP and PSA
solution, the R value and photocurrent of the different electrodes and the comparison

of different approaches for CD44.
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Scheme 1. Schematic representation of the fabrication of a PEC biosensor for soluble

CD44 detection based on a one-step co-immobilization approach.
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17 NPs.
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Figure 2. Static water contact angles of the surfaces of differently modified ITO

electrodes: (A) ITO/TiO,, (B) ITO/TiO,/PDA, (C) ITO/TiO,/PDA-HA and (D)
ITO/Ti0,/PDA-HA-PEG.
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26 Figure 3. The SEM images of ITO/T10, (A), ITO/TiO,/PDA (B), ITO/TiO,/PDA-HA
28 (C) and ITO/TiO,/PDA-HA-PEG (D) (The inset in Figure A is an SEM image of
30 ITO/TiO,; the inset in Figure B is an SEM image of ITO/Ti0,/PDA).
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Figure 4. Photocurrent responses of the ITO/TiO,
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Figure 5. Nyquist plots of EIS and photocurrent responses of the different modified
electrodes before (black curve) and after (red curve) soaking in BSA solution (0.5
mg/mL): (A and D) ITO/TiO,/PDA, (B and E) ITO/TiO,/PDA-HA, (C and F)
ITO/TiO,/PDA-HA-PEG.
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Figure 6. Nyquist plots of EIS and photocurrent responses of the different modified
electrodes before (black curve) and after (red curve) soaking in CD44 solution (10

ng/mL): (A and C) ITO/TiO,/PDA-HA, (B and D) ITO/TiO,/PDA-HA-PEG.
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Figure 7. Nyquist plots of EIS (A) and photocurrent responses (B) of the
ITO/TiO,/PDA-HA-PEG celectrodes soaking in CD44 solution (10 ng/mL) (black
curve) and mixed solution (black curve) of CD44 (10 ng/mL) and BSA (0.5 mg/mL).
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Figure 8. (A) The current stability test of 12 on/off lamp cycles of a PEC biosensor
modified with CD44 (10 ng/mL). (B) The current reproducibility test of six PEC
biosensors modified with CD44 (10 ng/mL).
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19 Figure 9. (A)Photocurrent responses of the PEC biosensor toward CD44 standard
21 solutions with different concentrations: (a) 0.005, (b) 0.01, (c) 0.1, (d) 0.5, (e) 1, (f) 5,
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Table 1. Determination of CD44 in human serum sample.

Content of CD44 The addition  The average of RSD Recovery
in the serum content the detected (%, n=5) (%, n=5)
(ng-mL1) (ng-mL") concentrations
(ng'mL™)
30.00 280.14 2.04 100.50
250 60.00 311.77 2.10 102.95
90.00 342.49 2.35 102.77
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The serum level of soluble CD44 is directly associated with several
clinic-pathological parameters of malignant diseases. The development of easy and
cost-effective detection method for soluble CD44 is in great need for both diagnosis
and treatment of cancers. In this work, a simple photoelectrochemical (PEC) method
for sensitive detection of serum-soluble CD44 is proposed based on the construction
of a hybrid anti-fouling coating on TiO, substrate. Hyaluronic acid (HA) and
polyethylene glycol (PEG) are co-immobilized using a biomimetic one-step surface
functionalization approach. The immobilized HA shows strong recognition abilities
towards soluble CD44, and the synergistic anti-fouling effect achieved by the
combination of PEG and HA improves the sensing specificity. Based on the inhibitory
effect of CD44 recognition on the PEC signal of TiO, substrate, a PEC biosensor is
developed with a wide response range and a low detection limit. The development of
antibody-free biosensors may promote the application of soluble CD44 as a biomarker

for diagnosis and treatment of malignant diseases.
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