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Figure S1. A) Capture efficiency and residual WBC counts of 2.5D micropore array filtration
membranes with different diagonal diameters of micropores. Detailed parameters were listed in
Table S1. Error bars represent the standard deviation of three repeat experiments. B) Illustration

of key parameters of 2.5D micropore assay filtration membranes: diagonal diameter (d), edge-
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Figure S2. Cell size distribution (bars) and regression curve (line) of cells lines used in this
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study. The dash line indicates the approximate size of micropores on SUPER Filter.
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Figure S3. Fluorescence characterization of modified filtration membranes. A) Micrographs of
Thiol Filter and SA Filter stained by bio-T16-Texas Red. B) Micrographs of SA Filter and
Multi-arm Bio Filter stained by Alexa Fluor 488 conjugated SA. Scale bars: 10 pm.

Figure S4. Fluorescence micrograph of SW480 cells (stained with Calcein-AM) captured on

SUPER Filter, showing that tumor cells are smaller than the micropores on the filter.
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Figure S5. Capture performance of SUPER Filter towards SW480 cells in large volume
samples, including capture efficiencies in PBS and whole blood (10 mL for PBS (blue) and 4
mL for whole blood (red), 20 cells/mL), and residual WBC count. Error bars represent the
standard deviation of three repeat experiments. SUPER Filter had similar capture efficiency
towards SW480 cells in large volume (85.7 = 1.5%) and small volume (1 mL, 91.0 + 6.1%,
Figure 2A) PBS, but worse in large volume whole blood (47.1 £ 10.4%) samples than small
volume samples (1 mL, 83.7 + 6.4%, Figure 2A). The decrease may be attributed to increased
chance of collision between background cells and captured tumor cells. Nevertheless, the
residual WBC count for filtration of large volume blood sample (214-536 residual WBCs) is
just slightly higher than that in small volume blood samples (55-126 residual WBCs), showing
SUPER Filter’s excellent ability in removing background cells.
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Figure S6. Viability of SW480 cells with and without affinity filtration using SUPER Filter
characterized by Calcein-AM-PI staining. Error bars represent the standard deviation of three
repeat experiments. The slight decrease of cell viability compared with capturing by pristine
filters with 8 um micropores (84.3 + 5.1%)[!! could be attributed to the shear force from the

fluid flowing through the gap between cell and micropore.

Figure S7. Phase contrast micrograph of subcultured SW480 cells from SUPER Filter one day

after passage.
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Figure S8. Examples of ascetic and pleural fluid samples with different turbidity.
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Figure S9. An example of setting the threshold for positive and negative droplets.

Sample No. 22 Sample No. 23

Sample No.18

Figure S10. Representative micrographs of ETCs captured on SUPER Filter. Scale bars: 25

pm.






Table S1 Parameters of 2.5D micropore arrayed filtration membranes.

Designed Parameters (Lm)

Case No. pE .
1 8 6.93 4
2 10 8.66 4
3 12 10.39 4
4 15 12.99 4
5 20 17.32 4
6 25 21.65 4
Table S2 Components of ddPCR reaction mixture.
Reagent Volume/well (uL) Final Concentration
2x ddPCR Super mix (no dUTP) 10
Primer Mix
(1:1 mixture of forward primer and 1 900 nM
reverse primer, 18 uM each)
Mutant Probes (100 uM) 0.05 each 250 nM
Wild type probes (100 uM) 0.05 each 250 nM
Sample 8
Nuclease-Free H,O Add up to 20 puL




Table S3 Sequences of ddPCR primers and hydrolysis probes.

Probes (5°-3°)

m’Il‘la;;%ie;n Forw?sr,(_l;,’)rlmer Wild Type (5’HEX, 3’MGB) Reve(rss,e_ ;”1)‘1mer
Mutant (5’ FAM, 3’MGB)
G12C CCTACGCCACCAGCT
CTACGCCACAAGCT
GI2A CCTACGCCACCAGCT
CTACGCCAGCAGCT
G12D TTGGAGCTGGTGGCGT
TGGAGCTGATGGCGT
Glos antCIOT oMY CTACGCCACCAGCTC  GCTGTATCGTC
T CTACGCCACTAGCTC AAGGCACTCT
G12V CTACGCCACCAGCTC
ACGCCAACAGCTC
GI2R TTGGAGCTGGTGGCGT
TTGGAGCTCGTGGCGT
G13D TGGTGGCGTAGGCA
CTGGTGACGTAGGCA
Table S4 PCR program for ddPCR.
Temperature Time Temperature Gradient Cycles
95 °C 10 min 1
94 °C 30s o
60 °C 1 min 2°Cls 40
98 °C 10 min 1
4 °C Infinite hold 1 °C/s
Table S5 Summary of the present tumor cell separation technologies.
Separation No. of Residual
Strategy Sample Pretreatment Background Cells Reference
. Incubation Wlth ~1000 cells 2]
Immunoaffinity immunomagnetic beads
None ~500 cells” (3]
1:6 dilution <1000 cells 4]
Affinity filtration 1:1 dilution ~25000 cells (3]
None 150~300 cells 6]
None >1600 cells” 7
Filtration
Fixation 3920 + 1883 cells (8]
RBC lysis, incubation with 9]
Immunobeads immunomagnetic beads Average 4016 cells
assisted filtration =~ WBC removal by anti-CD45 1000 cells [10]

immunomagnetic beads

* Calculated from reported purity or enrichment factor.



Table S6 Information of blood samples.

Sa;;:) ple Sex Age Clinical Investigation CTC Counts
1 Female 66 Colorectal cancer 18
2 Female 72 Gastric cancer 2
3 Male 67 Colorectal cancer and gastric 3

cancer
4 Male 56 Gastric cancer 6
5 Male 74 Gastric cancer 9
6 Female 75 Breast Cancer 6
7 Male 61 Colorectal cancer 9
Colorectal cancer, KRAS
8 Male >8 G12D/S mutation >
Colorectal cancer, KRAS
: Male >7 G12D/S mutation ?
Coloraectal cancer, KRAS
10 Female 67 150/R/V/A, G13D mutation 4
11 Female 50 Colorectal cancer 13
12 Male 68 Colorectal cancer 2
13 Male 41 Healthy 1
14 Male 40 Healthy 0
15 Female 37 Healthy 0
16 Female 37 Healthy 0
17 Male 40 Healthy 1
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Table S7 Information of pleural fluid and ascetic fluid samples.

R e Sex Age goinl TR Rewic | eation
18 P F 76 1 mL ++ Positive Lung cancer
19 A M 64 1 mL ++ Positive Colorectal cancer
20 P F 83 SmL ++ Positive Lung cancer
21 A M 44 5SmL - Positive Bile duct cancer
22 A F 71 1 mL ++ Positive Ovarian cancer
23 A M 57 4 mL ++ Positive Gastric cancer
24 A M 79 SmL - Negative Type 2 diabetes
25 P M 46 3.5mL +++ Negative Nephritis
26 A M 71 2mL ++ Negative  Renal insufficiency
27 P M 80 SmL + Negative Hyponatremia
28 P M 69 5mL - Negative Hypoxemia

*: A: Ascetic fluid, P: Pleural fluid.
**: - clear, +: slightly turbid, ++: turbid, +++: very turbid, examples in Figure S9.
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