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Supplementary Table 1 Number of cells observed in the input and output channels of the 2-channel microfluidic

interface when it was operated in a loop without the device attached for validation.

Input channel

Output channel

Single cells 527 528
2-cell clusters 67 66
3-cell clusters 16 15
4-cell clusters 5 5
5-cell clusters 2 2




Supplementary Table 2 Clinical characteristics of the prostate cancer patients.

* RNA-seq samples were not included in the enumeration studies as they were subjected to a different protocol

including an immunostaining process that exclusively targeted cell surface markers.
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Supplementary Table 3 Clinical characteristics of the ovarian cancer patients.

* Live/Dead test sample was not included in the statistical study as it was subjected to a different protocol

including an immunostaining process that exclusively targeted cell surface markers.
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Supplementary Figure 1
Computer simulation of fluid flow within a microwell.

The plot shows the sample flow speed within an individual meshed microwell simulated with finite element analysis
(COMSOL Multiphysics 5.2a). The specific simulated conditions correspond to a sample being processed with the
Cluster-Wells at a volumetric flow rate of 25 mL/h. A maximum simulated flow speed of ~65 pum/s, which is still
expected to be ~10X lower than physiological free flow speed in human capillaries?, is observed at the openings of
the micromesh.
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Schematic illustration of the microfabrication process used for manufacturing the silicon mold later used to create
polymer-based Cluster-Wells devices. The silicon mold was patterned using a combination of photolithography, thin

film deposition and dry/wet etching processes detailed by the top and cross-sectional schematics of the substrate
associated with individual microfabrication steps in the figure.
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Supplementary Figure 2

Microfabrication of the silicon master-mold.
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Supplementary Figure 3
Molding of the Cluster-Wells from the micromachined silicon master.

(a) Schematic illustration of the fabrication process involving soft lithography and micromolding-based techniques
for the realization of polymer devices from reusable molds in a laboratory environment. The developed method
eliminated the continuous need for expensive cleanroom equipment and time-consuming fabrication processes. (b)
Scanning electron micrograph of (i) the PDMS mold used for patterning the Cluster-Wells (ii) the top view of
fabricated polymer device (iii) the bottom view of the device (iv) the inclined cross-sectional view of an individual
microwell. Scale bars, 50 um.
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Supplementary Figure 4

Cluster-Wells capture efficiency obtained by imaging and counting the isolated clusters on the device.

Plot showing Cluster-Wells capture efficiency of spiked LNCaP prostate cell clusters processed at 25 mL/h flow rate
as a function of number of cells in the cluster (n=3 independent experiments). Efficiency values from direct counting
of clusters directly on the device closely matched with those values obtained with the 2-channel microfluidic interface,

confirming the efficiency and reliability of the method used for characterization of the device. Data are presented as
mean = SD.
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Supplementary Figure 5
Investigation of the integrity of clusters when captured at different flow rates.

Plots showing the normalized distribution of spiked and processed (captured + missed) clusters’ sizes when the
Cluster-Wells was operated at (a) 100 mL/h, (b) 250 mL/h, (c) 500 mL/h and (d) 750 mL/h. Matching profiles of
spiked and processed cluster populations for flow rates up to 250 mL/h suggests capture of intact clusters, while the

mismatch between spiked and processed populations for flow rates >500 mL/h illustrated the dissociation of larger
clusters into smaller ones at those higher flow rates.
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Supplementary Figure 6

Comparison of measured Cluster-Wells capture efficiencies with the published rates of the Cluster-Chip for clusters
of MDA-MB-231 human breast cancer cells.

Plots showing measured cluster capture efficiencies of the Cluster-Wells together with the reported capture
efficiencies of the Cluster-Chip? as a function of the number of cells in MDA-MB-231 clusters (a) for a matched
flow speed of ~65 um/s at cluster traps (defined as optimum conditions for both), and (b) for a matched volumetric
flow rate of 50 mL/h. The capture efficiencies for Cluster-Wells experiments were performed using the experimental
setup shown in Fig. 2b, while the capture efficiencies for the Cluster-Chip were taken from reference?.
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Supplementary Figure 7
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(a) Plots showing the size distributions of captured and released clusters in three independent experiments. (b) Mean
ratio of the normalized counts of captured and released clusters (n=3 independent experiments). Data are presented
as mean + SD. The match between captured and released populations illustrated that the integrity of the clusters
released from Cluster-Wells was preserved.
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Supplementary Figure 8

Comparison of the measured Cluster-Wells release efficiencies with the published rates of the Cluster-Chip for clusters
of MDA-MB-231 human breast cancer cells.

The plot shows the measured release efficiency of clusters of MDA-MB-231 cells from the Cluster-Wells together
with the published release efficiency of the Cluster-Chip for MDA-MB-231 cells at 25°C and 4°C obtained from
reference?. The Cluster-Wells release efficiency was measured under the experimental conditions that mimicked the
reported conditions used for characterization of the Cluster-Chip?, specifically by releasing MDA-MB-231 cells,
initially captured at a forward flow speed of 65 um/s, at a reverse flow speed of 6.5 mm/s.

12



. Control Released

Supplementary Figure 9
Testing of the viability of LNCaP prostate cancer cell clusters enriched with the Cluster-Wells.

Fluorescence microscope images of (left) unprocessed control population of LNCaP clusters and (right) the LNCaP
clusters processed using the Cluster-Wells assayed with a two color live (green) / dead (red) assay. The clusters were
processed at 25 mL/h and released into a Petri dish at 6.5 mm/s reverse flow speed. The number of green (viable) and
red (dead) cells were counted to compute the percentage viability of cells. Scale bars, 60 um.

13



Ascites

Supplementary Figure 10
Comparison of the sizes of cells in CTC clusters with those in ascites spheroids isolated from an ovarian cancer patient.

The brightfield microscope images a CTC cluster and a tumor spheroid (lower right) isolated from the same ovarian
cancer patient’s blood and ascites samples, respectively. Measured areas of individual cells for both were shown in
the figures along with the outlined cell boundaries used for measurements. Different z-stack images of the CTC
cluster were used to fully capture a cell within the same field of view. Scale bars, 20 um.
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Before Fixation After Fixation

Supplementary Figure 11
Investigating the viability of CTC clusters enriched from an ovarian cancer patient.

Fluorescence images of ovarian cancer CTC clusters that are composed of (a) both live and dead CTC, and (b) only
live CTCs. (i) Fluorescence images of CTC clusters whose nuclei were stained with Hoechst dye. The clusters were
also subjected to PE-CD45 (TRITC) to identify any contaminating WBCs. (ii) Fluorescence images of the CTC
clusters subjected to the viability assay. Dead cells were identified as the cells stained with the fluorescence assay
(yellow) while viable cells were negative for the staining. (iii) Fluorescence images of the CTC clusters after they
were fixed in 4% PFA and stained with antibodies against Cytokeratin 7,8/18, Vimentin and CD45. The positive
staining for tumor markers (green) and negative staining for CD45 (red) proved their tumor origin. (iv) Fluorescence
images of the same CTC clusters assayed with the viability after they were fixed. The positive staining and
identification of fixed CTC clusters as dead validated the viability assay used in this study. Scale bars, 20 pm.
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Supplementary Figure 12
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Enrichment plot: KRAS signaling, downregulated genes
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Gene set enrichment analysis (GSEA) of genes differentially expressed between isolated CTC clusters and WBCs

Enrichment score plots are shown for representative significant gene sets (FDR < 0.05) from the MSigDB Hallmark
50 gene sets and the KEGG Pathway gene sets. Cancer associated gene sets (E2F targets, MYC targets, KRAS
signaling, G2M checkpoint) and hormonally regulated gene sets (Estrogen early, Estrogen late) were enriched in
patient clusters relative to WBC’s. Immune related gene sets (allograft rejection, NK cells, IFN-gamma, and IFN-
alpha responses, graft vs. host disease genes, Th1/Th2 differentiation genes) were enriched in WBC’s relative to
patient clusters.
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Supplementary Figure 13

Expression of genes enriched in prostate cancer CTC clusters relative to WBCs

Heatmaps showing the expression of individual genes from the five different gene sets (MY C targets, KRAS signaling,
E2F targets, G2M checkpoint, Estrogen Early and Estrogen Late) significantly enriched (DESeq p-adj < 0.01) in
prostate cancer CTC clusters relative to WBCs.
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Supplementary Figure 14
Expression of genes enriched in WBCs relative to prostate cancer CTC clusters

Heatmaps showing the expression of individual genes from the six different gene sets (allograft rejection, NK cells,
IFN-gamma, IFN-alpha responses, Th1/Th2 differentiation genes and graft vs. host disease genes) significantly
enriched (DESeq p-adj < 0.01) in WBCs relative to prostate cancer CTC clusters.
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