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Human Platelet Membrane Functionalized Microchips  
with Plasmonic Codes for Cancer Detection

Sumit Kumar, Jae-A Han, Issac J. Michael, Dongyeob Ki, Vijaya Sunkara, Juhee Park, 
Shreedhar Gautam, Hong Koo Ha, Liangfang Zhang, and Yoon-Kyoung Cho*

The possibility of functional roles played by platelets in close alliance 
with cancer cells has inspired the design of new biomimetic systems 
that exploit platelet–cancer cell interactions. Here, the role of platelets in 
cancer diagnostics is leveraged to design a microfluidic platform capable 
of detecting cancer-derived extracellular vesicles (EVs) from ultrasmall 
volumes (1 µL) of human plasma samples. Further, the captured EVs are 
counted by direct optical coding of plasmonic nanoprobes modified with 
EV-specific antibodies. Owing to the inherent properties of platelets for 
multifaceted interaction with cancer cells, the microfluidic chip equipped 
with a biologically interfaced platelet membrane-cloaked surface (denoted 
“PLT-Chip”) can capture a significantly higher number of EVs from 
multiple types of cancer cell lines (prostate, lung, bladder, and breast) 
than the normal cell-derived EVs. Furthermore, this chip allows the moni-
toring of the growth of tumor spheroids (100 µm–2.5 mm) and clearly 
distinguishes the plasma of cancer patients from that of normal healthy 
controls. This robust, multifaceted, and cancer-specific binding affinity, 
coupled with excellent biocompatibility, is a unique feature of platelet 
membrane-cloaked surfaces, which therefore represent promising alterna-
tives to antibodies for application in EVs-based cancer theranostics.
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1. Introduction

Cancer cell-derived circulating extracellular 
vesicles (EVs), a key target of “liquid biop-
sies,” have attracted considerable attention 
due to their ability to mediate intercellular 
signaling and their utility for the discovery 
of novel cancer biomarkers.[1–6] However, 
the widespread application of conventional 
biosensors recognizing cancer threats based 
on the single ligand-receptor binding is 
hindered by the minute amounts of cancer 
cell-derived EVs in real clinical samples and 
the heterogeneity of EV surface markers.[7] 
Consequently, instead of adopting a bottom-
up approach to create new solutions, 
numerous researchers have turned towards 
nature for inspiration, taking design cues 
directly from biological systems.[8–10]

The utilization of biomimetic cell 
membranes for surface coating is a novel 
top-down approach that endows nano-
material surfaces with antigenic diversity 
and various biological benefits.[11] For 
example, the interaction between platelets 

and tumors in blood has been intensively researched because 
of its crucial contribution to tumor progression.[12,13] The 
aggregation of platelets around circulating tumor cells, which 
facilitates the survival of these cells in the bloodstream and 
their spread to new tissues, is mainly caused by the binding 
of platelet integrin αIIbβ3 to tumor cell integrin αvβ3 via RGD 
motif-containing proteins such as fibrinogen, von Willebrand 
factor, and fibronectin.[14,15] Consequently, the presence of 
a unique surface protein set on platelets results in excellent 
multifaceted binding affinity and specificity, making them 
appealing alternatives to antibodies for tumor recognition.[16–20] 
The direct interaction of platelets with cancer cell-derived EVs 
is known to induce plasma clotting and platelet aggregation; 
however, the mechanism of this interaction and that of pos-
sible functional alterations in platelets remain unclear.[21,22]

Herein, inspired by the intrinsic properties of platelets and their 
interactions with cancer cells, we developed a cancer diagnostic 
platform containing a platelet membrane-cloaked surface (PMS) 
inside a microfluidic chamber (PLT-Chip) for the selective and  
direct capture of cancer cell-derived EVs from small-volume human 
plasma samples (Figure 1). The captured EVs were visualized by 
using antibody-functionalized plasmonic nanoprobes (PNs) to 
produce a local plasmon effect, which enhanced the sensitivity 
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and specificity of EV detection. Three different PNs, namely 
green anti-CD9-Au nanoparticles (NPs) (GPNs), red anti-CD81-
Au nanorods (NRs) (RPNs), and blue IgG-Ag@AuNPs (BPNs), 
were optically coded to generate unique plasmonic couplings with 
distinct scattering signals, which were identified by dark-field 
microscopy (DFM). Tests performed with EV-spiked plasma sam-
ples demonstrated that significantly higher signals were observed 
for cancer cell-derived EVs than for normal cell-derived ones, and 
the developed platform was further employed to investigate the 
growth of tumor spheroids (100 µm–2.5 mm). Finally, to illus-
trate the clinical application potential, we tested and demonstrated 
that the PLT-Chip could distinguish cancer patients with prostate 
cancer from healthy controls using only 1 µL of plasma samples, 
which indicates the high possibility of the multifaceted biointer-
facing approach of PLT-Chip towards EVs-based cancer diagnosis.

2. Results and Discussion

2.1. Preparation of Human Platelet Membrane Functionalized 
Microchips

In the first step of PLT-chip fabrication, we transferred platelet 
markers onto the glass substrate (Figure 1). Human platelet 

membrane vesicles (PMV) derived from platelet-rich plasma 
(PRP) using a previously described protocol[20] (Figures S1 and 
S2, Supporting Information) were introduced onto the oxygen 
plasma-treated glass substrate inside a microfluidic device and 
sonicated. PMV size distribution and surface charge were char-
acterized by dynamic light scattering (DLS) measurements, 
nanoparticle tracking analysis (NTA), and transmission electron 
microscopy (TEM) (Figure 2a–c; Figure S3, Supporting Infor-
mation). To maximize PMS surface coverage, we optimized 
the concentration and pH of the PMV solution as well as the 
number of washing steps (Figures S4–S6, Supporting Informa-
tion). The physicochemical characterization of PMS was per-
formed by scanning electron microscopy (SEM) and confocal 
fluorescence microscopy (CFM) imaging after staining with 
Alexa Fluor-conjugated wheat germ agglutinin (WGA-Alexa), 
which selectively binds to sialic acid and N-acetylglucosaminyl 
sugar residues on the plasmonic membrane (Figure 2d,e). With 
increasing PMV concentration, the intensity of the WGA signal 
increased and then reached saturation (Figure S4, Supporting 
Information), which suggested that the surface density of vesi-
cles on the glass substrate reached a critical value. Furthermore, 
maximal signal intensity was obtained at pH 5 (Figure S5,  
Supporting Information). The above findings agreed with 
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Figure 1. Schematic diagram of EV capture and visualization by the PLT-Chip. PMS comprised proteins of the human platelet-derived plasma mem-
brane with a strong affinity to cancer cell-derived EVs. Plasmonically encoded nanoprobes modified with antibodies were directly injected into the 
reaction chamber and monitored by DFM.
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previous studies, in which acidic conditions were shown to 
favor the adsorption and spontaneous rupture of phospholipid 
vesicles to form supported lipid bilayers on silica surfaces.[23,24] 
The protein profile of PMS was examined by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and 
the obtained results confirmed the successful translocation of 
platelet membrane proteins to the glass substrate (Figure 2f) 
and their stability concerning multiple washing steps (Figure S6,  
Supporting Information).

2.2. Specific Capture of Tumor EVs by PLT-Chip and Single-EV 
Analysis by Plasmonic Codes

After confirming the uniform distribution of platelet 
membrane-specific protein markers (FITC-CD41, PE-CD61, 
and APC-CD62P) on the PLT-chip and demonstrating that 

nonspecific adsorption of IgG was negligible (Figure 2g), we 
sought to assess the ability of the PLT-chip to selectively bind 
cancer cell-derived EVs in preference to normal cell-derived 
ones. EVs from cell culture supernatants were isolated by ultra-
centrifugation, characterized by NTA and TEM (Figure S7, 
Supporting Information), introduced into the PLT-chip, and 
incubated for 30 min, which was followed by washing and 
incubation with PNs. A pressure-controlled microfluidic setup 
equipped with a switching valve enabled facile fluid transfer 
during washing and staining steps with minimal sample loss 
(Figure S8, Supporting Information). Two PNs modified with 
EV-specific antibodies (GPNs and RPNs) and a control PN 
(BPN) were synthesized and characterized by TEM, UV-vis 
spectrophotometry, DLS, and DFM (Figure 2h,i; Figure S9, 
Supporting Information). The number of antibodies immobi-
lized on plasmonic nanoparticles was quantified (Figure S10, 
Supporting Information). The colorimetric signal change due 
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Figure 2. Characterization of human platelet-derived membrane vesicles. a) Representative TEM image, b) size, and c) zeta potential measured by 
DLS. Characterization of the PLT-chip. d) Representative SEM image of PMS. e) CFM image of PMS costained with WGA-Alexa. f) SDS-PAGE analysis 
results of platelets, PMVs, and PMS. g) CFM images of PMS incubated with FITC-labeled anti-CD41, DAPI-labeled anti-CD62P, and PE-labeled anti-
CD61. Control samples were incubated with FITC-, DAPI-, and Cy5-modified IgG1. Characterization of PNs. h) TEM and DFM images (inset) of green 
(GPNs: CD9-Au NPs), red (RPNs: CD81-Au NRs), and blue (BPNs: IgG-Ag@Au NPs) probes as well as i) the corresponding extinction spectra. All 
values are expressed as mean ± standard deviation (n = 3).
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to the plasmonic coupling at the single EV level was quantita-
tively analyzed by RGB color profiling.[25] SEM imaging of PLT-
chips showed that their affinity to a cancer cell (LNCaP)-derived 
EVs (Figure 3a) was remarkably higher than that to normal 
cell (CCD-1058Sk)-derived ones (Figure S11, Supporting 

Information). The captured EVs were visualized by PN binding 
(3 × 10−11 m, 500 NPs/14 400 µm2) for DFM-based single-EV 
analysis. No significant signals were detected for the control 
sample (without PNs, Figure 3b) or normal cell-derived EVs 
treated with all PNs (RGBPNs) (Figure 3c). The PLT-chip treated 
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Figure 3. Performance of the PLT-chip for the detection of EVs spiked in PBS and human plasma samples. a) Representative SEM and TEM (inset) 
images of LNCaP cell-derived EVs on PMS. b) DFM image acquired in the absence of PNs. c) DFM image of PNs for normal cell (CCD-1058Sk)-derived 
EVs. DFM images of d) BPNs (blue), e) GPNs (green), and f) RPNs (red) for LNCaP cell-derived EVs spiked in PBS. g) DFM image of the PLT-chip for 
LNCaP cell-derived EVs spiked in PBS after the addition of all types of PNs. h) Diffusion trajectories of PNs on PMS for LNCaP cell-derived EVs inside 
the PLT-chip. i) EV binding events on PMS for EV-spiked PBS (left) and tenfold-diluted human plasma (right) samples (n = 5) (EVs concentration 3.2 µg 
µL−1). j) DFM images acquired for various concentration of LNCaP cell-derived EVs in human plasma to estimate the detection efficiency of the PLT-
chip assay (n = 10). k) Calibration curve showing the dependence of the number of binding events/100 µm2 on LNCaP cell-derived EV concentration. 
l) Comparison of EV binding events on the PLT-chip for EVs derived from normal (MCF 10A), lung cancer (A549), urinary bladder cancer (T24), breast 
nonmetastatic (MCF-7), and metastatic (MDA-MB-231) cells (EVs concentration 2.7 µg µL−1) (n = 10). All DFM images were analyzed by image analysis 
software (ImageJ) provided by the National Institute of Health (NIH). NS: No significant difference, ****p < 0.0001, ***p < 0.001.
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with cancer cell-derived EVs showed strong green and red scat-
tering signals but no blue signal, which suggested the presence 
of tetraspanin proteins (CD9 and CD81) and the absence of 
nonspecific interactions with IgG (Figure 3d–f). In the case of 
cancer cell-derived EVs, RGBPN addition resulted in a marked 
increase of scattered intensity due to the multiple binding of 
PNs to individual EVs and the concomitant local plasmon pro-
duction. As a result, scattering signal intensity increased and 
shifted to other wavelengths, which markedly increased the 
sensitivity and specificity of cancer cell-derived EV detection by 
DFM (Figure 3g). Further, we monitored the diffusion trajecto-
ries of PNs to observe the kinetics of their binding to EV-treated 
PMS (Figure 3h). PNs with EV-specific antibodies (GPNs and 
RPNs) were immobilized on PMS within 10 min, while BPNs 
exhibited random Brownian motion without strong binding 
interactions even after 30 min. The plasmonic signals of PNs 
on PMS remained stable even after 1 h illumination with a 
dark-field light source (Figure S12, Supporting Information). 
Quantitative analysis of DFM images showed that compared 
to the case of normal EVs, significant signal enhancement 
was observed for cancer cell-derived EVs (EV’s concentration 
3.2 ng µL−1) in both spiked phosphate buffered saline (PBS) 
and human plasma samples (Figure 3i; Figure S13, Supporting 
Information). We also observed that the EVs binding events 
increase as the platelet marker density inside the PLT-chip 
increases and reaches to maximum at 10 µg mL−1 of PMS pro-
tein concentration (Figure S14, Supporting Information).

2.3. Evaluation of PLT-Chip for Tumor EVs Detection

To evaluate the sensitivity and dynamic range of EV detection, 
a tenfold-diluted human plasma sample was spiked with EV 
solutions of known concentration and analyzed using the PLT-
chip (Figure 3j). As a result, the limit of detection was deter-
mined as 0.05 ng µL−1, which was calculated as three times the 
standard deviation for average measurements of blank sam-
ples (Figure S15, Supporting Information). In addition, the 
experimentally determined EV concentration was found to be 
strongly linearly correlated (r2 = 0.97) to the known EVs con-
centration in a broad range of ≈10−1–103 ng µL−1 (Figure S16, 
Supporting Information). When we further checked the PLT-
chip performances for the higher concentration range of EVs 
(5–20 µg µL−1), we observed no significant changes in the EVs 
binding events for the PLT-chip above 10 µg µL−1 (Figure S17a,  
Supporting Information). However, a higher concentration of 
EVs rendered each count larger in the DFM images (Figure S17b,  
Supporting Information). This effect might be due to the 
saturation of EVs inside the PLT-chip.

Notably, samples as small as 1 µL could be analyzed by 
the PLT-chip, whereas conventional enzyme-linked immuno-
sorbent assay (ELISA) would require the use of cancer cell-
specific antibodies, a tedious prepurification procedure, and 
samples with volumes of >100 µL.[26] Overall, the biomimetic 
PLT-chip was concluded to offer multiple advantages over 
ELISA methods routinely used in EV analysis. Taken together, 
we demonstrated that the use of PMS allows one not only to 
realize multifaceted, strong, and selective binding of cancer 
cell-derived EVs but also to prevent the nonspecific binding 

of cellular debris or other kinds of EVs. Further, to probe the 
effect of platelet activation on the binding affinity of cancer 
cell-derived EVs, PLT-chips were prepared using nontreated 
and prostaglandin E1-treated platelets, and the corresponding 
detection signals were found not to be significantly different. 
However, the PLT-chip prepared using activated platelets could 
bind a significantly smaller number of EVs (Figure S18, Sup-
porting Information).

2.4. Monitoring of Cancer Progression in 3D Spheroid Models 
and Cancer Diagnosis using Clinical Samples by PLT-Chip

Next, we tested EVs derived from lung (A549), bladder (T24), 
and breast cancer (MDA-MB-231 and MCF-7) cells and com-
pared the results with those obtained for tenfold-diluted 
plasma spiked with normal breast cell (MCF 10A)-derived EVs 
(Figure 3l) (EV’s concentration 2.7 ng µL−1). The expression of 
CD9 and CD81 on EVs originating from all cell lines was con-
firmed by ELISA (Figure S19, Supporting Information). Overall, 
despite the heterogeneous levels of CD9 and CD81 expression, 
the signals observed for cancer cell-derived EVs were —five- 
or sixfold higher than those observed for normal cell-derived 
EVs. Notably, the signal of EVs derived from metastatic cancer 
cells (MDA-MB-231) was slightly more intense (≈1.2 times, 
p < 0.001) than that of EVs derived from nonmetastatic cancer 
cells (MCF-7), which indicated that the PLT-chip could detect 
EVs originating from multiple cancer cell lines and differentiate 
between metastatic and nonmetastatic cell-derived EVs. Sub-
sequently, the PLT-chip was used to monitor cancer initiation 
and progression in 3D cancer spheroid models (Figure 4a–c). 
Analysis of tenfold-diluted human plasma samples spiked with 
3D spheroid culture solution revealed that the PLT-chip could 
detect the tumors as small as 100 µm in diameter (representing 
the early stage of cancer) and showed that the amount of EVs 
secreted from spheroids increases with increasing spheroid 
size (Figure 4c). Finally, the performance of the PLT-chip for the 
real-life diagnosis of cancer was tested using a small cohort of 
clinical samples taken from prostate cancer patients (n = 10) 
and age-matched healthy subjects (Figure 4d). On average, PLT-
chip signal intensities were three times higher in cancer patient 
samples than in healthy control samples, which highlighted the 
enormous potential of using platelet plasma membranes for 
EV-based cancer diagnosis.

3. Conclusion

In summary, the PLT-chip, which contains a human platelet 
plasma membrane matrix, is a unique platform for targeting 
cancer threats in plasma samples, offering several advantages, 
which include: (i) a simple, unified assay format that applies 
regardless of the cancer type; (ii) multifaceted strong and 
specific binding of cancer threat; (iii) requires small sample 
volume, as little as 1 µL of plasma; (iv) rapid and purification-
free detection; and (v) high sensitivity, due to local plasmonic 
coupling with a visualized output in single-EV resolution.

As EVs- or cancer-specific biomarker expression on indi-
vidual EVs are heterogeneous and the functional status of 
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platelet membrane harness the binding affinity with cancer 
threats, towards broader application, the sensitivity, and the 
robustness of the cell membrane on PLT-Chip need to be fur-
ther screened. Overall, our proof-of-concept study has prom-
ising translational implications towards biomimetic cancer 
diagnostic platform using natural platelet–cancer cell interac-
tions as design principles.

4. Experimental Section
Preparation of PMV: Human platelets were sourced from Handok 

Biotech (IPLA-WB4-Unit), and their membranes were isolated by 
repeated freeze-thaw cycling. Platelet solutions were frozen at −80 °C, 
thawed to room temperature, and washed three times by 3 min 
centrifugation with PBS solution at 800 g. The purified solution was 
supplemented with protease inhibitor tablets and sonicated in a capped 
glass vial for 5 min (Fisher Scientific FS30D bath sonicator) at 42 kHz 
and 100 W. PMV presence was verified by DLS-based size measurements, 
NTA, and TEM imaging (Figure 2a–c). The protein content of PMVs was 
determined using the BCA protein assay kit according to the protocol 
specified by the manufacturer.

PMS Preparation: PMS was formed inside a microfluidic chip 
comprising a bottom cover glass and a PDMS microfluidic chamber. 
Platelet membrane cloaking was accomplished at pH 5 and 4 °C by 
dispersing and fusing PMVs (2.1 × 1010 PMV/20 mm2 cover glass area) 
with the cover glass by 10 min sonication (Fisher Scientific FS30D bath 
sonicator, 42 kHz, 100 W). Subsequently, the cover glass was exposed to 

vacuum at 4 °C for 40 min to form a fully 2D platelet membrane-cloaked 
surface and washed with 10 mm PBS (pH 7.4). PMS morphology was 
characterized by SEM (Figure 2d), and surface uniformity was determined 
by confocal fluorescence microscopy after 1 h staining with a membrane 
marker (WGA-Alexa, 1 µg mL−1) in the absence of light (Figure 2e). The 
protein content of PMS was examined by SDS-PAGE (Figure 2f).

Platelet Marker’s Detection on PMS: Identification of pivotal membrane 
proteins was done by costaining the fluorescent antibodies including 
mouse anti-human FITC-CD41, mouse anti-human APC-CD62P labeled 
with DAPI, and mouse anti-human PE-CD61 (BioLegend CNS. Inc).

Platelet Membrane Activation: Activated platelets prepared by addition 
of 200 µm thrombin receptor-activating peptide 6 (TRAP-6) were pelleted 
at 800 g for 20 min at room temperature and resuspended in PBS 
containing 1 mm EDTA and protease inhibitor. The resulting dispersions 
were stored at −80 °C for later use.

Real-Time Monitoring of EV Binding to the PLT-Chip by DFM: The 
binding of EVs on the PLT-chip was observed by DFM (Axiovert 200M, 
Carl Zeiss, Germany; 40× objective lens (NA = 0.6), AxiCam HR color 
camera) using plasmonic NPs. To characterize the association of 
plasmonic NPs and obtain a calibration curve, EVs were isolated by 
ultracentrifugation. Figure S8 (Supporting Information) depicts the 
employed experimental setup. The microfluidic chip was connected to 
a pressure pump (MFCS-EZ, Fluidgent) using Tygon tubing and placed 
under an inverted microscope (IX 73, Olympus). Then, plasmonic NP, 
EV, and PBS (7.4 pH) solutions were prepared. The chip was washed 
with PBS for 5 min, and the EV solution was then introduced into the 
chamber and left there for 30 min. At this point, it is worth noting that 
the solutions were transparent, which complicated the visualization 
of variations by DFM. Subsequently, the plasmonic NP solution was 
introduced into the chamber and left there for 30 min. The negative 

Figure 4. EV analysis by the PLT-chip assay. a) Scheme explaining the increase of EV number with cancer progression. b) Bright-field and fluorescence 
images of tumor spheroids at different growth stages. c) Quantification of EV binding events on the PLT-chip for tumor spheroid progression. d) Plas-
monic responses of cancer patient (CP)- and healthy control (HC)-derived plasma samples evaluated by the PLT-chip assay (results are presented as 
mean ± standard deviation; n = 3 per group).
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control sample contained EV-free plasma and BPNs. NP binding events 
were monitored by DFM. Snapshot images were taken, and the assembly 
events in a 120 × 120 µm2 area were counted. Three replicate samples 
were analyzed using ImageJ software.

3D Spheroid Culturing and EV Processing: To mimic the different 
stages of tumor progression, in vivo and in vitro models of 3D spheroid 
cultures were created. LNCaP prostate cancer cells (ATCC HTB-26) and 
CCD-1058Sk (ATCC CRL 2071) skin fibroblast normal cells were cultured 
in DMEM and MEM containing 1 wt% nonessential amino acids (Gibco, 
Thermo Fisher) and supplemented with 10 wt% exo-free FBS (System 
Biosciences) and 1 wt% antibiotic-antimycotic (Gibco) in a conventional 
culture dish at 37 °C under 5 wt% CO2 incubator, respectively. The cells 
were stripped and the cell ranging from 102, 103, and 104 were obtained. 
The cells were seeded into a 96-well plate (Nunc dishes, low cell 
binding) and incubated for 48 h. Subsequently, spheroids were stained 
with DAPI (ThermoFisher) and imaged by fluorescence microscopy 
(IX71, Olympus). The spheroid diameter was determined using bright-
field imaging and Fiji – ImageJ software.[1] The spheroid culture was 
centrifuged at 250 g using a bench-top centrifuge to remove debris, and 
the spheroid-containing supernatant was collected, diluted tenfold, and 
subjected to ultracentrifugation (Optima MAX-XP, Beckman Coulter) 
to isolate EVs, which were then characterized using an NTA analyzer 
(NanoSight NS500, Malvern Panalytical) to obtain EV counts.

Clinical Sample Preparation, Handling, and Storage: Plasma was 
collected from the blood of ten patients (66–77 years old) with prostate 
cancer, among which six were in stage II, and four were in stage III. 
All plasma samples were obtained after the approval of the review 
board of the Pusan National University Hospital (IRB 1702-008-051). 
Blood samples of healthy donors were obtained from volunteers and 
commercial sources of a similar age range (Innovative Research, MI, 
USA). Signed informed consent was obtained for all patient samples.

Statistical Analysis: Quantitative data are expressed as mean ± standard 
deviation (SD). GraphPad Prism version 5.0 (GraphPad software) were 
used for the calculation. Statistical comparisons between multiple groups 
were conducted by a one-way analysis (ANOVA) followed by Tukey’s 
multiple comparison posttest performed. Figures were prepared in 
CorelDRAW Graphics Suite 2017, GraphPad and Origin software. Dark-
field images were analyzed by ImageJ software (Nikon, Japan). First images 
were registered using StackReg plugin in ImageJ. To avoid sampling bias 
resulting from defocus and illumination across the field (128 × 128 µm2) 
area was then chosen for the analysis. During the detection step, spots 
were identified using a pixel-based intensity threshold. All data points were 
derived from three or more biological or technical replicates as indicated 
in each experiment. Results were considered as significantly different 
when *p < 0.05. Significant differences are denoted with asterisk (*), while 
nonsignificant differences were marked as “NS.”

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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