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Synthesis of gold nanoparticles.

Gold nanoparticles (AuNPs) were prepared by following the Brust-Schiffrin two-phase
method, using 1-pentanethiol as the capping ligand. To functionalize the NP surface, 30 mg
of 1-pentanethiol protected gold nanoparticles (Au-C5) were mixed with 30 mg of COOH
functionalized (MUA) and 90 mg of NHS ester functionalized (12-mercaptododecanoic acid
NHS ester) thiol in 20 mL of dichloromethane (DCM). The solution was stirred in the dark
for about 24 h, during which time the NPs precipitated out of solution. The precipitate in the
reaction mixture was centrifuged and then washed twice with ether and DCM to remove free
thiols. The resulting precipitate was dried in a vacuum and stored at 4 °C. Prior to use in the
microfluidic device, the NPs were dissolved in methanol.
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Figure S1. The topographic images of the NP-mediated chip substrates exhibit a corrugated

surface generated by (a) the NP assemblies and (b) NP-NeutrAvidin binding, with Ry values

of 0.497 nm and 0.705 nm, respectively. This is compared to (c) the GMBS and (d) GMBS-

NeutrAvidin binding on smooth substrates with Ry values of 0.249 nm and 0.412 nm,

respectively.
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Figure S2. Fluorescence microscopy images of (A) a functionalized microfluidic surface
with Biotin-RPE and (B) a control surface with a NP surface without neutravidin,
demonstrating the deposition of NeutrAvidin on the surface of the microfluidic device.
Quantification of the average fluorescence intensity along (C) the X axis and (D) the Y axis
of the image shown in the Figure S2A. Five images per point were measured and three
different devices were used.
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Figure S3. (A) Quantification of the amount of antibody on the surface with concentration
used for immobilization onto a device and (B) capture efficiency of PC3 cells at different
antibody concentrations. Quantification of the average fluorescence intensity along (C) the X
axis and (D) the Y axis of the microfluidic device. For C & D a concentration of 10 ug/mL of
a primary antibody was used and the secondary antibody was used according specifications
of the manufacturer at 5 uL per 100uL of solution. Importantly, the correlated increase was
observed in the capture efficiency of PC3 cells with the antibody coverage up to a
concentration of 10 ug/mL, but the efficiency (98.15 = 1.1 %) was saturated over than the
antibody concentration (10 ug/mL) (Figure S3B). These results indicate that our experiments
always with a use of an antibody concentration (>10 ug/mL) were performed in the high
quality condition.
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Figure S4. Heat map distribution of specific and non-specific cell capture of MDA-MB-231
CTCs on the surface of the microfluidic device.
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Figure S5. Cultured (A) PC3 and (B) MDA-MD-231 cells in the presence of GSH (1

mg/mL) for 4.5 h. Cultured cells (C) 1 day and (D) 5 days after GSH release from the
nanocoating surface.
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Figure S6. MTT assay performed with (A) the released PC3 and (B) the MDA-MB-231 cells
by measuring the absorbance at 570 nm. Experiments were performed on triplicates and a
control indicates untreated PC3 or MDA-MB-231 cells with our device. During 8 days, any
significant difference in proliferation rate was not found for the control and released cells.
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Figure S7. (A) Comparison of the Ct values for 6 genes obtained by RT-gPCR for control
and released Brx cells. (B) Comparison of the amplification cycles for two of the genes used.
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Figure S8. Imaging flow cytometry images of the two experimental groups: (A) Control Brx
cells, and (B) Brx cells released from the microfluidic device.
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Figure S9. Unsupervised clustering of top 1000 most variant genes between breast patient

samples and healthy controls. Each patient sample was analyzed as on-chip and release

condition.
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Table S1. Comparison of the Ct values of 5 genes across all samples.

EpCAM HER?2 EGER CDH3 MET

Mean C; S.D.|MeanC; S.D.|MeanC; S.D.|MeanC; S.D.|{MeanC; S.D.
PT1 2770 012 2754 0.11 ND 29.32 0.02| 3578 0.31
PTIR| 2797 014| 2784 0.04 ND 29.62 009| 36.20 0.18
PT2 3219 0.09| 2080 0.10| 3697 0.19| 36.60 0.25 ND ND
PT2R| 3039 011 2822 0.09( 3561 0.23| 3507 0.37 ND ND
PT3 3368 125 3076 0.11| 2881 0.18| 36.44 045| 3153 0.12
PT3R| 3501 012| 3119 0.10| 2949 0.01| 3778 064| 3231 0.09
PT4 31.57 0.07| 30.70 0.03| 3269 007| 3341 0.12| 36.27 0.26
PT4R| 2942 019| 2864 0.10| 3096 0.03| 3122 0.15| 3364 0.08
H1 ND ND ND ND ND
H2 ND ND ND ND ND
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Table S2. Set of 25 most variant genes between breast cancer patients and healthy controls

Gene Description (Protein or RNA Level) R()g'
TFF1 Frequently expressed in breast tumors. Function in breast cancer is unknown. !
The human anterior gradient 2 (AGR?2) is one of the targets of the estrogen
AGR2 receptor (ER), and it is an overexpressed gene in ER-positive breast cancer 2
cell lines.
S100A16 Expression of this gene promotes epithelial to mesenchymal transition 3
(EMT) via Notchl pathway in breast cancer
Expression of cytokeratin KRT8 differentiates distinct subtypes of grade 3 4
KRT8 . . .
invasive ductal carcinoma of the breast.
Expression of cytokeratin KRT18 differentiates distinct subtypes of grade 3 4
KRT18 . . .
invasive ductal carcinoma of the breast.
MGP Matrix Gia protein repression by miR-155 promotes oncogenic signals in 5
breast cancer cell lines.
S100A14 Co expression with SI00A16 correlates with a poor prognosis in human breast | ¢
cancer and promotes cancer invasion.
Loss of this epithelial marker promotes EMT and indicates high risk of 7
CLCA2 .
metastasis.
AZGP1 Decreased expression of AZGP1 is associated with poor prognosis on primary 8
gastric cancer.
Expression of secretoglobin family 2A member 2 (SCGB2A2) has been 9
SCGB2A2 X ; i g
detected in a high percentage of primary and metastatic breast tumors.
Gene associated with the level of differentiation of breast cancer cells, slowly 10
AGR3 ) X g
proliferation tumors, and more favorable prognosis of breast cancer.
Increased expression of the FXYD3 family of proteins has been associated
FXYD3 with lung, colorectal cancer, and it also promotes cell proliferation in breast 1
cancer as well.
TFE3 TFF3 protein expression is associated with larger tumor size, lymph node 12
metastasis, higher stage, and poor survival outcome.
Transmembrane 4 superfamily member 1(TM4SF1) is a member of 13
TM4SF1 : .7 .
tetraspanins group of proteins, it shows reduced apoptosis.
Promotes endometrial cancer cell growth by regulating G2/M cell cycle 14
SERPIN3 : .
checkpoint and apoptosis.
At the protein level interferon alpha-inducible protein 27 (IFI27) promotes 15
IFI127 o . . A
EMT transition and induces ovarian tumorigenicity and stemness.
CAV1 One of the genes involved in breast cancer progression. 16
SERPINEL Thg serine protease inhibitor SERPINELX is a poor prognosis biomarker in 17
various cancers.
DKK1 Preferentially expressed in hormone-resistant breast tumors and in some 18
common cancer types.
CD36 Mayor glycoprotein on the surface of platelets, it is involved in a variety of 19
adhesive processes.
CD52 Present in a variety of lymphocytes, it is function in anti-adhesion in T-cells 20
Expressed in diverse cells of the vasculature, it has roles in angiogenesis, 21
PECAM1 . . .
platelet function, thrombosis, and mechanosensing.
CXCR?2 Key mediator in neutrophil migration. 2
BIN2 Involved in brain-neural function. 23
TRAC Involve in the regulation of T-cell response. 2
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