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W
ith rapid development of nano-
biotechnology and microfabrica-
tion technology, nanobiodevices

have been widely employed in diagnosing
some high incidences of diseases such as
hepatitides,1 Alzheimer,2,3 and cancers.4�6

For example, portable and low-cost nano-
biochips with high specificity and sensitivity
for the detection of disease-related bio-
markers including nucleic acid (e.g., DNA or
RNA),7 protein (e.g., peptide),8�10 and rare
cells (e.g., circulating tumor cells, CTCs)11,12

are gradually growing to the dominated
products in current biomedical analysis
markets. However, the subsequent disposal
of these nanobiochip wastes remains unex-
posed, probably giving rise to serious environ-
mental pollution and health risks similar to
traditional biomedical waste (e.g., syringe
needles and catheters).13 To better circumvent
these problems, it is urgent and necessary to
develop disposable nanobiochips that can
readily manage surface pollutants.
Self-cleaning, as one of the most anti-

cipated and pursued features, attracts great
attention because it spends less manpower

and resources to manage surface pollutants
and thus keep the surface clean.14�16 In-
spired by nature, great effort has been paid
to designmany promising surfaceswith self-
cleaning features such as lotus leaf-inspired
superhydrophobic surfaces,17 gecko setae-
inspired surfaces,18 and underwater organisms-
inspired antifouling surfaces.19 However,
most of these bioinspired surfaces are still
plaguedwith problems that probably restrict
their biomedical applications, especially in
the advanced nanobiochips of cancer detec-
tion. For example, to endow surfaces with
self-cleaning features, it is generally neces-
sary to introduce additional chemical com-
ponents such as fluorosilane,20 hydrogel,21,22

and organogel23,24 as well as lubricating
liquid,25 which hinder further modification
of functional molecules and thus lose the
specific recognition capability of targeted
cancer cells. In addition, smart-responsive
surfaces that respond to external stimuli such
as light,26�28 electricity,29 magnetism,30 and
temperature,31,32 are also needed because
the persistent self-cleaning feature is not
a benefit for the recognition and capture of
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ABSTRACT The advanced nanobiochips have been widely

employed in diagnosing some high incidence of diseases because

of their portable, low-cost, and highly sensitive features. However,

the subsequent disposal of these wastes remains unexposed,

probably giving rise to serious environmental pollution and health

risks similar to traditional biomedical waste. Here, we have

presented a TiO2 nanosisal-like coating for disposing nanobiochip

waste via the photoresponsive self-cleaning features of the nanobiochip, demonstrated by the nanochips of cancer detection. Moreover, the high specificity

and sensitivity of nanochips can be maintained by integrating unique nanostructured coatings (i.e., nanosisal-like coating) with specific recognition

molecules (i.e., anti-EpCAM). Therefore, this study will provide a promising strategy for the design and management of practical nanobiodevices, thereby

eliminating the old path “pollute first, clean up later”.
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targeted cells.33 Therefore, smart-responsive self-
cleaning surfaces without surface chemical modifica-
tion may be suitable for fabricating disposable nano-
biochips of cancer detection.
Since the first discovery of photoinduced self-

cleaning phenomenon of titanium dioxide (TiO2) by
Fujishima and his co-workers, it has been deeply
investigated andwidely used for self-cleaning surfaces.
Different from the above-mentioned self-cleaning
surfaces, the self-cleaning features of TiO2 surfaces
are derived from their inherent photoresponsive pro-
perties. During the photocatalytic process, the super-
oxide radicals produced by photo illumination effec-
tively decompose the organic pollutants on the surface
of TiO2 materials into carbon dioxide and water.34�36

Therefore, TiO2 materials can be regarded as excellent
candidates for preparing disposable devices such as
TiO2 nanotubes for high-sensitivity immunoassay37

and TiO2membranes for selective separation ofmacro-
molecules.38 In addition, water droplets can readily
spread over the photoinduced superhydrophilic TiO2

surfaces, washing away the residual dusts and impuri-
ties.39�42 Thus, these photoresponsive properties
endow TiO2 surfaces with promising self-cleaning
features. But how to expand this self-cleaning feature
of TiO2 materials to nanobiochips for the isolation and
detection of cancer cells that not only readily remove
surface pollutants but also provide satisfying cell-
capture performance has not been explored up to now.
In this article, we have developed a TiO2 nanosisal-

like (TiNS) coating for disposing nanobiochip wastes
via the photoresponsive self-cleaning feature of the
nanobiochip, demonstrated by the nanochips for the
effecientdetectionof cancer cells (as shown inScheme1).
First, targeted cancer cells can be efficiently recognized
and captured from artificial whole blood samples via the
synergistic effect of surface nanosisal-like structures and
specific recognition molecules (i.e., epithelial-cell adhe-
sion molecule antibody, anti-EpCAM). Then, captured

cancer cells can be readily collected for downstream
culture and analysis by treating with trypsin because
the unique three-dimensional contact mode between
captured cells and nanobiochips is a benefit for the
entrance of trypsin and subsequent detachment of cap-
tured cells. Significantly, the residual organic pollutants
(e.g., cell debris and anti-EpCAM) can be cleaned from the
surface of nanobiochips through UV illumination, result-
ing from the distinguished photodriven self-cleaning
features of the TiO2 coating. Therefore, this study will
provide a promising strategy to eliminate serious envi-
ronmental pollution and health risks caused by nano-
biochip waste.

RESULTS AND DISCUSSION

Scanning electron microscopy (SEM) images show
that by increasing reaction time of hydrothermal synthe-
sis from 5 and 10 to 20 h, three kinds of nanostructured
TiO2 coatings are precisely prepared with TiNS surface
coverage ratios (SCRs) of ca. 24%, 45%, and 100%,
denoted as low TiNS (Figure 1a, LTiNS), moderate TiNS
(Figure 1b, MTiNS), and high TiNS (Figure 1c, HTiNS),
respectively.43 The X-ray diffraction (XRD) data show
that TiNS after calcination is better crystallized in the
rutile phase compared with that before calcinations
(Figure 1d). Furthermore, transmission electron micro-
scopy (TEM) analysis indicates that thenanorodsof TiNS
after calcination are rutile phase and grow along the
[001] direction (Figure 1ef). The distance between
adjacent lattice fringes that run parallel to the nanorod
wall was about 0.325 nm, which can be assigned as the
interplane distance of (110) planes in the rutile phase
of TiO2 (Figure 1f). Furthermore, the distance between
the fringes perpendicular to the wall, about 0.296 nm,
corresponds to the interplane distance of the (001)
planes in the rutile phase of TiO2. Therefore, both XRD
data and TEM images proved that the subsequent cal-
cination processes not only remove adherent organic
pollutants from the hydrothermal reaction but also

Scheme 1. Schematic illustration of disposing nano-biochips of cancer detection. Firstly, nanobiochips can specifically detect
targeted cancer cells by employing the nanosisal-like coating and specific recognition molecule (i.e., anti-EpCAM). Then,
captured cells are readily collected for downstream culture and analysis by treating with trypsin because the unique three-
dimensional contact mode between captured cells and nano-biochips is a benefit for the entrance of trypsin and subsequent
detachment of captured cells. Finally, residual organic pollutants (e.g., cell debris and anti-EpCAM) can be cleaned by utilizing
UV illumination
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endow TiNS coatings (bare TiNS) with better crystal-
lizationof TiO2 rutile phase for promisingphotocatalytic
degradation of organic components.44�46 Thus, nano-
biochips with controllable SCRs of TiNS have been pre-
pared, which may provide distinguished self-cleaning
properties toward effectively disposing nanobiochip
waste.
To obtain the most appropriate nanobiochips for

CTC detection, the influence of two main factors (i.e.,
cell incubation time and SCRs of TiNS) have been
systematically investigated in the following sections.
After the modification of anti-EpCAM (see Supporting
Information Figure S1),47 the high specificity of TiNS
coating can be confirmed by comparing the capture
performance of EpCAM-positive breast cancer cells
(i.e., MCF7 cells) using bare, streptavidin-coated, and
anti-EpCAM-coated flat andHTiNS coating (Supporting
Information Figure S2). To reveal the influence of cell
incubation time, we compare cell-capture perfor-
mance of EpCAM-positive MCF7 cells and two typical
EpCAM-negative cancer cells (i.e., the adherent Hela
cervical cancer cell48 and suspended Jurkat T lympho-
cyte cell49) on anti-EpCAM-modified HTiNS coatings
in a static incubation ranging from 5 to 90 min
(more details in Materials and Methods). As shown
in Figure 2a, the capture efficiency of targeted MCF7
cells initially increases with longer incubation time
and achieves themaximumvalue at 60min. In contrast,
the nontargeted Hela and Jurkat T cells always display
negligible nonspecific cell adhesion, regardless of
incubition time. To further disclose the influence of
SCRs of anti-EpCAM-modified TiNS, we compared

cell-capture performances on four kinds of anti-
EpCAM-modified TiO2 coatings including flat, LTiNS,
MTiNS, and HTiNS (Figure 2b). Under the optimal
incubation time (i.e., 60 min), the capture efficiency
of targeted MCF7 cells are 58.5% ( 2.9% for anti-
EpCAM-modified HTiNS, which is obviously higher
than those of other anti-EpCAM-modified TiO2 coat-
ings (i.e., 8.1% ( 0.5% for flat, 52.1 ( 1.4% for LTiNS,
and 53.8%( 1.8% forMTiNS). Meanwhile, the captured
MCF7 cells are still viable with a high viability ratio
of ca. 97%, proved by a live/dead staining method
(Supporting Information Figure S3).50 Different from
targeted MCF7 cells, the nonspecific cell adhesion of
nontargeted Hela and Jurkat T cells can be completely
neglected on these anti-EpCAM-modified coatings
(Figure 2b). Compared with that of anti-EpCAM-
modified flat surface, the notable enhancement of
cell-capture yield of anti-EpCAM-modified TiNS (e.g.,
HTiNS) coatings can be explained by notable differ-
ences of captured cells in morphology. The environ-
mental SEM (ESEM) images show that the captured cells
on the anti-EpCAM-modified HTiNS coating (Figure 2c)
not only hold more spreading area but also stretch out
more filopodia than those on the anti-EpCAM-modified
flat surface (Figure 2d), disclosing an enhanced topo-
graphic interaction between targeted cells and HTiNS
coating.51 Therefore, high specificity and sensitivity
of CTC detection can be achieved from optimal nano-
biochips under 60 min incubation time and HTiNS
coatings, resulting from an enhanced topographic
interaction between targeted cells and TiNS coating
in addition to specific molecular recognition.

Figure 1. Morphology and characterization of TiNS coating. The SEM images and enlarged SEM images (inset) of three kinds
of nanostructured coatingswith incremental TiNS SCRs including (a) low TiNS (LTiNS), (b)moderate TiNS (MTiNS), and (c) high
TiNS (HTiNS). (d) XRD data of TiNS coatings before and after calcination. (e) Low-magnification TEM image of nanorods on
TiNS coatings and (f) the corresponding high-magnification TEM image of an individual nanorod (red rectangle in image e);
the inset in image f shows the corresponding selected area electron diffraction (SAED) pattern. Both the XRD data and TEM
images show that TiNS coatings are well-crystallized in rutile TiO2.
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To demonstrate the potential clinical application, the
capture capability of spiked CTCs from artificial whole
blood was tested under the optimized cell-capture
conditions (i.e., 60 min incubation time and HTiNS
coating). Briefly, we prepared the artificial whole blood
samples by spiking healthy mouse blood with DiD-
prestained MCF7 cells at concentrations of approxi-
mately 20, 50, 100, and 250 cells mL�1. Figure 3a shows
that anti-EpCAM-modified HTiNS coatings provide
45�60% capture efficiency of targeted MCF7 cells.
To further distinguish spiked MCF7 cells from white
blood cells (WBCs) in a artificial whole blood sample,
we employed the three-color immunocytochemistry
method based on PE-labeled anti-CK (CK, a protein
marker for epithelial cells), FITC-labeled anti-CD45
(CD45, a marker for white blood cells), and DAPI for
nuclear staining. As shown in Figure 3b, nonprestained
MCF7 cells (CKþ/CD45-/DAPIþ and 10 μm< cell sizes <
40 μm) can be identified from WBCs (CK-/CD45þ/
DAPIþ, sizes < 15 μm) and cellular debris. Therefore,
these results show the potential biomedical application
of TiNS coatings for early diagnosis and monitoring of
cancer patients.
After CTC detection, these nanobiochip wastes with-

out biosafety disposal may cause serious environmen-
tal pollution and health risks.13 To avoid this unwanted
situation, nanobiochips with disposal capability are
urgently needed to satisfy clinical demands. Hence,
we developed a TiNS coating-based nanobiochip with
disposal features taking advantage of its photoresponsive

self-cleaning property.52 Taking the HTiNS coating
as an example, the disposal capability of our nano-
biochips was investigated from three aspects: in situ

immunostaining experiments, X-ray photoelectron
spectroscopy (XPS) signals, and reusable cell-capture
capability. During in situ immunostaining experiments,
we clearly observed surface variations of HTiNS coat-
ings in the whole disposal process through sche-
matic, optical, and corresponding fluorescent images
(Figure 4a). First, targeted MCF7 cells were specifically
captured on anti-EpCAM-coated HTiNS coatings after
60min of cell incubation (left part in Figure 4a).53 Then,
after treating with trypsin (a commonly used enzyme
for digesting cells) for a few minutes at 37 �C, all
capturedMCF7 cells were rapidly detached fromHTiNS
coatings because the unique three-dimensional con-
tact mode between cells and HTiNS coatings is bene-
ficial to the entrance of trypsin and thus the release
of captured cells.54 However, there remains a little
residual cell debris (emphasized with dotted circles in
the middle part in Figure 4a). After UV illumination (i.e.,
365 nm and 50 mW/cm2) for 2 h and subsequent PBS
wash for several times, the successful disposal of these
wastes was observed by cleaning all cell debris (right
part in Figure 4a). To further uncover the disposal
process, we also explore the XPS signals of four TiNS
(i.e., HTiNS) coatings with different chemical compo-
nents including bare TiNS, anti-EpCAM-coated TiNS,
anti-EpCAM-coated TiNS followed by cell release with
trypsin (trypsin-treated TiNS), and anti-EpCAM-coated

Figure 2. Cell-capture performance of EpCAM-positive MCF7 cells and EpCAM-negative Hela and Jurkat T cells on anti-
EpCAM-modified TiO2 coatings (a) at different incubation times ranging from 5 to 90 min and (b) with four kinds of anti-
EpCAM-modified TiO2 coatings including flat, LTiNS, MTiNS, and HTiNS. Typical ESEM images of MCF7 cells captured on (c)
HTiNS and (d) flat surface, respectively. The cells captured by the HTiNS coating exhibited more filopodia than those on the
flat surface, indicating the enhanced topographic interaction between targetedMCF7 cells and the HTiNS coating. Error bars:
the standard error of mean (n = 3).
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TiNS followed by cell release and UV illumination (UV-
illuminated TiNS). As shown in Figure 4b, we find that
both N 1s and C 1s signals of anti-EpCAM-coated and
trypsin-treated TiNS have an obvious increase compared
to that of bare TiNS, indicating the importation of organic
pollutants (e.g., cell debris and/or anti-EpCAM). After UV

illumination, the N 1s and C 1s signals of UV-illuminated
TiNS decrease to their initial intensity as bare TiNS,
indicating the successful disposal of surface organic
pollutants. In addition, the disposal process of organic
pollutants can be also revealed by the initial decrease
and subsequent recoveryof Ti 2p3 signals. The successful
disposal of waste mainly originates from photocatalytic
degradation which is in accordance with previous
reports.37,55,56 Since the nanochip waste had already
been disposed, we wondered if the nanochips could
be reused for cell-capture. After the remodification
with the antibody (i.e., anti-EpCAM), similar cell-capture
efficiency (ca. 55%) can be obtained in four cycles
under optimal conditions (i.e., 60 min incubation time
and HTiNS coating), revealing the outstanding reusable
capability of the nanochips (Figure 4c). Therefore, this
solid evidence from in situ immunostaining experi-
ments, XPS signals, and reusable cell-capture capability
all prove that nanobiochipwasteswith TiNS coatings can
be successfully disposed because of their UV-driven self-
cleaning capability.

CONCLUSION

In summary, we have successfully developed a
photoresponsive TiNS coating for disposing nano-
biochip waste. By utilizing the synergistic effect of
topological interaction and specific molecular recogni-
tion, the TiNS coating can efficiently detect CTCs
from artificial whole blood samples with high viability.
After detaching the captured cells by simply treating
with trypsin, the residual organic components on the
nanobiochips can be completely disposed through UV
illumination, resulting from the self-cleaning features
of TiO2 materials. This study will provide a promising
guidance for developing the next-generation of dis-
posable nanobiochips, thereby eliminating the old
path “pollute first, clean up later”.

MATERIALS AND METHODS

Materials. Titanium isopropoxide (TTIP, 98%) was purchased
from J&K Scientific, cetyltrimethylammonium bromide (CTAB,
99%) was purchased from Acros Organics, ethylene glycol
(EG) was purchased from Xilong Chemical Co. Ltd., doubly
distilled water (>1.82 MΩ cm, Milli-Q system) was used. Sulfuric
acid (95%�98%, AR), hydrogen peroxide (30%, AR), acetone
(>99.5%, AR), alcohol (g99.8%, GR), hydrochloric acid (36%
�38%, AR) and dimethyl sulfoxide (99.5%, AR) were purchased
from Beijing Chemical Works. Urea, 4-maleimidobutyric acid
N-hydroxysuccinimide ester (GMBS) and 3-mercaptopropyl
trimethoxysilane (95%, MPTMS) were purchased from Sigma-
Aldrich Co. Streptavidin (SA) and biotinylated antihuman
EpCAMantibody (biotinylated anti-EpCAM)were obtained from
R&D systems. Lymphocyte cell line (Jurkat T), cervical cancer cell
line (Hela), and breast cancer cell line (MCF7) were purchased
from Beijing Xiehe Cell Resource Center. Triton X-100 was
purchased from Amresco. Paraformaldehyde (AR) was pur-
chased from Aladdin. DiD, DAPI, AO, and PI were purchased
from BioDev-Tech Co. China. Primary antibody (antivinculine
mousemonoclonal), secondary antibody (FITC-conjugated goat

antimouse), and TRITC-conjugated phalloidin were purchased
from Sigma-Aldrich. Penicillin�streptomycin and phosphate
buffer solution (PBS) were purchased from Thermo Scientific.
GlutaMAX-I, trypsin-EDTA, DMEM, and RPMI-1640 growth
medium were obtained from Invitrogen. Fetal bovine serum
(FBS) was obtained from Lonza. Male Wistar rats (300�320 g)
were purchased from Vital River Laboratory Animal Center
(Beijing, China).

Fabrication of the TiO2 Nanosisal-like (TiNS) Coating. We deposited
TiNS coatings on glass slides by the combination of hydrother-
mal reaction and calcination.43 First, the glass slides (1 cm �
2 cm) were cleaned according to the following procedure.
The glass slides were ultrasonicated in acetone, ethanol, and
doubly distilledwater at room temperature for 10, 10, and 5min,
respectively, to remove contamination from organic grease.
Then, the degreased glass slides were heated in boiling piranha
solution (3:1 (v/v) H2SO4/H2O2) for 1 h. Subsequently, the glass
slides were rinsed several times with doubly distilled water
and dried by N2 flow. Then, the clean glass slides were vertically
placed in a 45 mL autoclave. In a typical experimental proce-
dures, 0.45 g of TTIP was added into 13.8 g of concentrated HCl

Figure 3. Capture performance of anti-EpCAM-coated TiNS
coatings (i.e., HTiNS) for artificialwhole blood samples spiked
with rare cancer cells (i.e., MCF7). (a) The capture efficiency of
prestained MCF7 cells is achieved on anti-EpCAM-coated
HTiNS coatings for artificial whole blood samples with con-
centration of 20, 50, 100, and 250 cells mL�1. (b) Three-color
immunocytochemistry method for identifying spiked MCF7
cells fromwhite blood cells (WBCs) including PE-labeled anti-
CK (CK, aproteinmarker for epithelial cells), FITC-labeled anti-
CD45 (CD45, a marker for WBCs) and DAPI for nuclear
staining. Error bars: the standard error of mean (n = 3).
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solution during strong stirring (bottle A), and 0.22 g of CTABwas
added into 27.3 mL of distilled water to form aqueous CTAB
solution (bottle B). After the mixtures were stirred for 30 min,
bottle B was added into bottle A and this mixture was stirred for
1 h to form the aqueous TTIP solution. Then, EG with the same
volume was added into the aqueous TTIP solution. After this
solution was stirred for 10 min, 0.06 g of urea was added into
25 mL of the mixture of the aqueous TTIP solution and EG. After
10 min of stirring, the formed aqueous solution was transferred
to the autoclave containing glass slides. The solution was
heated at 150 �C for different times (i.e., 5, 10, and 20 h) and
cooled to room temperature. The glass slides coated by TiNS
coatings were washed with alcohol three times and allowed to
dry at room temperature, followed by heating at 450 �C for 2 h.
The TiNS coatings were fabricated showing different coverage
ratios from 24% and 45% to 100%.

Surface Modification with anti-EpCAM. We modify anti-EpCAM
onto flat TiO2 and TiNS coatings for specific recognition of
targeted cancer cells.50 Prior to the surface modification, these
coatingswere first treatedwith oxygen plasma at 150w for 300 s
(DT-03, China). Then, the TiO2 coatings were treated with 4%
(v/v) 3-mercaptopropyl trimethoxysilane (MPTMS) in ethanol at
room temperature for about 12 h. Then, to coat GMBS onto the
TiO2 coatings, these coatings were treated with the coupling
agent 4-maleimidobutyric acid N-hydroxysuccinimide ester
(GMBS, 0.25 mM) for 45min. Finally, these coatings were treated
with 10 μgmL�1 of SA at room temperature for 30min, resulting
in immobilization onto GMBS, and then flushed with 1� PBS
to remove excess streptavidin. To use for a long-term, all these
TiO2 coatings should be sealed and stored at 4�8 �C. Before
cell capture experiments, antibodies (biotinylated anti-EpCAM,
10 μg/mL in PBS) were grafted onto the TiO2 coatings at room
temperature for 30 min for specifically recognizing targeted
cancer cells.

Cell-Capture Condition. After placing the anti-EpCAM modified
substrates (e.g., HTiNS) into six-well cell culture plates, 3 mL of
cell suspensions with a concentration of 105 cells/mLwas gently

added into each well and incubated in a static state in cell
incubators (37 �C, 0.5% CO2) with different incubation time.
After gently washing these substrates with PBS for three times,
the cells were sequentially fixed using paraformaldehyde solu-
tion (4 wt % in PBS), penetrated using Triton-X100 (0.2 wt %
in PBS), and dyed using DAPI solution (2 μg/mL in water) for
fluorescence imaging and counting.

Cell Capture from Whole Blood Samples. This procedure was
depicted in our previous work.50 DiD-prestained MCF7 cells
were first spiked into healthy mouse blood to prepare artificial
whole blood samples with concentrations of about 20, 50,
100, and 250 cells mL�1. Then, three anti-EpCAM-coated HTiNS
coatings were separately covered by 1 mL of prepared blood
samples for 60min. Later, the HTiNS coatings were gently rinsed
with PBS solution for three times and employed for fluorescence
imaging. Furthermore, the three-color immunocytochemistry
method can be used to identify nonprestained cancer cells from
whole blood samples. After 60 min of cell capture, the captured
cells were sequentially treated with 4% paraformaldehyde in
PBS for 20 min and 20 μL of 0.2% Triton X-100 in PBS for 10 min.
Then, the cells were sequentially stainedwith 20μL of anti-CD45
stock solution (50 μL of antibody stock solution in 1 mL of PBS)
for 30 min, 20 μL of anti-CK stock solution (50 μL of antibody
stock solution in 1 mL of PBS) for 30 min, and 20 μL of
DAPI solution (2 μg mL�1 DAPI in PBS) for 15 min, respectively.
Finally, these cells were imaged by using an inverted Nikon Ti-E
microscope.

Immunofluorescent Staining of Captured MCF7 Cells. This detailed
procedure was described in our previous report.50 The captured
MCF7 cells are first incubated with anti-EpCAM-coated TiNS
coatings for 60min. Then, cultured cells are sequentially treated
with 4% paraformaldehyde in PBS for 20 min, 0.2% Triton
X-100 in PBS for 5 min, and 1% BSA in PBS for 30 min at room
temperature. After that, each TiNS coating is sequentially stained
with 100 μL of antivinculin mouse monoclonal (diluted 1:400 in
PBS) for 1 h, 100 μL of FITC-conjugated goat antimouse (diluted
1:30 in PBS) for 30 min, and 100 μL of TRITC-conjugated

Figure 4. Disposal process of nanobiochips covered by TiNS coating is proven by in situ immunostaining experiments, XPS
signals, and reusable cell-capture capability. (a) The in situ immunostaining experiments revealed the disposal process
through schematic (top), optical (middle), and corresponding fluorescent images (bottom). After 60 min of incubation,
targeted cancer cells (i.e., MCF7 cells) were captured on anti-EpCAM-coated HTiNS coating (left). After treating with trypsin,
the captured cells were completely releasedwith a little cell debris being left (middle). After UV illumination, all cell debris and
corresponding focal adhesions were cleaned (right). Dotted lines represent the cross symbol area premarked on the HTiNS
coating by a sharp needle before cell-capture for in situ observation. Dotted circles are used to emphasize the disposal
process of cell debris and corresponding focal adhesions. The captured MCF7 cells were costained for actin (red), vinculin
(a universal biomarker of focal adhesion, green), and nuclei (blue) (scale bar: 200 μm). (b) XPS patterns show that C 1s, N 1s,
and Ti 2p3 signals return to their initial state after UV illumination, indicating the removal of organic pollutants. (c) After
coating anti-EpCAM, the sameHTiNS coatings exhibit similar cell-captureperformance (ca. 55%) in four cycles, demonstrating
the reusable capability of TiNS coating.
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phalloidin (15 μg in 250 μL methanol and diluted 1:40 in 1% BSA
in PBS) for 30 min, as well as 100 μL of DAPI (2 μg/mL) diluted
by PBS for 5 min, respectively. Finally, fluorescence images of
capturedMCF7 cells can be observed and captured with a Nikon
Ti-E fluorescence microscope.

The Determination of UV Illumination Conditions. To select the proper
UV excitation wavelength, we tested the UV�vis absorption
spectrum of TiNS coating by using a UV�vis spectrophotometer
(Shimadzu UV2600). Two apparent absorption peaks (i.e.,
330 and 400 nm) can be observed in Figure S4. Therefore, the
commonly used 365 nmwas used as the excitation wavelength.
The selected illumination intensity (i.e., 50 mW/cm2) was deter-
mined by the optical power/energy meter (Newport model
842-PE).
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