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= Laminarity verification by Reynolds Number (Re):
Laminarity in flow is measured by the Reynolds number (Re): [1][2]

Re <2300 (laminar)
2300 < Re < 2900 (transient)
2900 < Re (turbulent)
pvL
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Based on our calculation:

, kg
p (semi - water)=1000 (—),
m3

flow rate 900 ulL/min
v= - = = 0.0015 (m/s),
cross sectionarea  25mm X 400 um

L = 400 (um) = 0.0004 (m),

k
u (semi - water) @ 37°C= 0.0007 (—g)
m.s

So, Reynold’s Number in our device is:

1000 x 0.0015 x 0.0004 )
Re = = 0.857 « 2300—laminar
0.0007

Although, our device path’s height is small (400um), path’s width is wide (25mm). So, such
designation would help us to use higher flow rate meanwhile benefit from surface tension and still
stay in laminar condition.

[1]  J. H. Spurk and N. Aksel, Fluid Mechanics. Springer International Publishing, 2019.
[2] F. M. White, Fluid Mechanics. McGraw-Hill Education, 2016.



Cell simulation modelling:

To model cell polarization simulation by CST software, we used Ref. 20 {in manuscript} [1]
parameters as reference:
The parameters are:

Normal cell Cancer cell
9m: Medium conductivity (S/m) 0.01 0.01
9m; Membrane conductivity (S/m) 5.6E-5 9.1E-6
9eyt; Cytoplasm conductivity (S/m) 1.31 0.48
€m: Medium Dielectric constant 80 o 80 %o
€m: Membrane Dielectric constant 12.8 %o 9.8 %o
€eyt: Cytoplasm Dielectric constant 60 o 60 o

DEP (in its simplest form) is due to the interaction of a particle’s dipole and the spatial gradient of
the electric. One general form of the expression is

FDEP = pVE [qu]

p is the particle’s dipole moment, VE is the gradient of the electric field.

For a uniform sphere placed into a sinusoidal electric field given by E(r,t) = Re[E(r)e it ], where
E(r) is the complex electric-field phasor that contains spatial information on the field intensity and
polarization, the overall induced dipole is given by

Ec~En [Eq.2]
p(r) = drey R® (Bc ¥ 28m) E(r) = 4rey R® - K (0) - E(1)

where R is the radius of the particle; €y and ¢ are the complex permittivities of the medium and the
cell, respectively, and are each given by € = € + o/( jo), where ¢ is the permittivity of the medium or
cell, o is the conductivity of the medium or cell, and j is V-1. K is known as the Clausius-Mossotti
(CM) factor.

In a linearly polarized sinusoidal field, we can combine Equations 1 and 2 to arrive at an expression
for the time-average DEP force, given by

(Fppp(1)) = TR’ Re[K (w)].V|E(r)|? [Eq.3]

where () denotes the time average. If the relative polarizability of the cell is greater than that of the
medium, then Re[K(w)] will be positive (known as positive DEP, or pDEP), and the force will be
directed up the field gradient. If the cell is less polarizable than the medium, then Re[K(w)] is
negative, and the force will be directed down the field gradient (negative DEP, or nDEP). Examining
the expression for K(w) in Equation 2, one sees that Re[K(w)] can only vary between +1 and —0.5.
Of course, cells are neither uniform (e.g., they are multi-layered particles with a membrane,
cytoplasm, etc.) nor necessarily spherical (e.g., red blood cells, some bacteria). These complications
do not alter the fundamental physics, but rather result in more complicated expressions for the
induced dipole (and the resulting DEP force). The complicated internal cellular structure primarily
manifests itself in the Clausius-Mossotti factor (K).[2][3]

[1]  R.P.Joshi, Q. Hu, K. H. Schoenbach, and S. J. Beebe, “Energy-landscape-model analysis for
irreversibility and its pulse-width dependence in cells subjected to a high-intensity ultrashort
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ANXV/PI Test for viability of the cells exposed to low frequency electric fields
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Supplementary Figure 1. Verification of centrifuged cell viability, sample before test. Percentage
of viable (Q4), necrotic (Q3), late apoptotic (Q2) and apoptotic (Q1) cells measured by flow
citofluorimetry before and after differentiation.
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Supplementary Figure 2. Verification of cell viability, sample after test (after stimulation of AC
electric field); Percentage of viable (Q4), necrotic (Q3), late apoptotic (Q2) and apoptotic (Q1) cells
measured by flow citofluorimetry before and after differentiation.



It is observable that more than 85% of the cells remained alive after stimulation by low
frequency AC electric field.

ANXYV/PI Description:

To detected cell death, Annexin V/PI double staining kit has been used in flow cytofluorimetric
analyses. The Annexin V corresponding signal provides a very sensitive method for detecting
cellular apoptosis, while propidium iodide (PI) is used to detect necrotic or late apoptotic cells,
characterized by the loss of the integrity of the plasma and nuclear membranes. The data generated
by flow cytometry are plotted in two-dimensional dot plots in which PI is represented versus
Annexin V-FICT. These plots can be divided in four regions corresponding to:

1) viable cells which are negative to both probes (PI/FITC -/-; Q4);
2) apoptotic cells which are PI negative and Annexin positive (PI/FITC -/+; Q1);
3) late apoptotic cells which are PI and Annexin positive (PI/FITC +/+; Q2);

4) necrotic cells which are PI positive and Annexin negative (PI/FITC +/-; Q3). [1][2][3]

[1] Filograna R, Civiero L, Ferrari V, Codolo G, Greggio E, et al. (2015) Analysis of the Catecholaminergic Phenotype
in Human SH-SYS5Y and BE(2)-M17 Neuroblastoma Cell Lines upon Differentiation. PLOS ONE 10(8): e0136769.

[2] 1. Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic biological phenomenon with wide-ranging implications in
tissue kinetics. Br J Cancer. 1972;26:239-257.

[3] https://www.bdbiosciences.com/documents/BD_FACSVerse Apoptosis_Detection AppNote.pdf
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Comparison between CTC enrichment methods:
*Be noticed that some methods cannot applicable for cancer or CTC separation based on principle.

Supplementary Table 1. Comparison between cell sorting methods.

Features of Cell Sample  Throughpu

the method Principle Purity  Recovery Yield Efficiency viability  volume ¢ (speed) Ref.
Adherence Adherence Low High High Low High High High 1-5
Filtration Size Low High High Low High High High 1, 6-9
. . . . . . 1, 10,
Centrifugation Density Low High High Low High High High 1
. . . . . . . . . . 1, 12-
Panning Antibody/ Size Medium  Medium  Medium  Medium High High High 16
Antibody with . . . . . . . 1, 17-
MACS M:g;e('zicyl“;'z 1a ds High Medium  Medium High High Medium Medium 20
Antibody with L 21
FACS Fluorescent High Medium Low High High Medium Medium ’2 4
beads
Morphological/
LMD Cytochemical/ High High Low Low No Small Low 1
Antibody
Optical Hydrodynamics  Medium High High Medium High Low Low 25
Tweezer Y 4 & & g
Acoustophoresi
S
H i High High High High High High High 2
NIt ydrodynamics g g 1g 1g ig 1g ig 6
for Cancer)
EP Surface Charge ~ Medium High Low High Medium High High 27,28
Polarization/
DEP @ L Medi Medi Thi
@ Low Dielectric eqit High eqit High High  High High '
Frequency m m Paper
property
Polarization/
DEP @ High
@ Hig Dielectric Low High Low High High High Low 29, 30
Frequency
property

highlighted advantages of our system Vs. DEP:
e DC-based and low frequency DEP with good consideration of safety (joule thermal increment,
solvent electrolysis and cell viability) can be more efficient in cell separation.
e DC-based and low frequency DEP are better choice for external samples like cytological samples
which they will be useless after analysis.

e There was lack of studies in low frequencies DEP for cancer detection.

e CPF of cells can be a label-free marker in phenotype sorting.
e It is not essential that CTC detection system only detect CTC in blood which is not an early
detection. We believe early CTC diagnosis can be detect in liquid biopsy samples which are a
transient level between tumor formation and metastasis.
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