Electronic Supplementary Material (ESI) for Lab on a Chip.
This journal is © The Royal Society of Chemistry 2024

Portable platform for leukocyte extraction from blood using sheath-
free microfluidic DLD

Oriana Chavez-Pineda’, Roberto Rodriguez-Moncayo', Alan M. Gonzalez-Suarez',

Pablo E. Guevara-Pantoja', Jose L. Maravillas-Montero? and Jose L Garcia-Cordero'>*

Laboratory of Microtechnologies Applied to Biomedicine (LMAB), Centro de Investigacion y de
Estudios Avanzados (Cinvestav), Monterrey, NL, Mexico
’Red de Apoyo a la Investigacion, Universidad Nacional Auténoma de México e Instituto
Nacional de Ciencias Médicas y Nutricion Salvador Zubiran, Mexico City14080, Mexico
® Institute of Human Biology (IHB), Roche Pharma Research and Early Development,
Roche Innovation Center Basel, Basel 4058, Switzerland.

*Corresponding author: jose luis.garcia_cordero@roche.com

Movie S1.

Real-time movie of leukocyte separation from a blood sample with Hct 6%at a flow rate of 2
ML/min. WBCs (stained with Hoechst) can be observed traveling in the center of the channel while

erythrocytes move close to the channel walls.
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Table S1. List of reported DLD microfluidic devices for blood cell isolation.

Applications # Sheath Flowrate  Efficiency Purity Viability Ref.
Inlets
Separation of 3 Yes 04-1 99% N/S N/S 2006"
WBCs and RBCs ML/min
Separation of 3 Yes 1 nL/ min 99.6% N/S N/S 20112
parasites from
human blood
Separation of 3 Yes N/S 99% N/S N/S 20143
RBCs with
differing
deformability and
isolation of WBCs
Enrichment of 2 Yes N/S 88% N/S 99% 2015*
circulating tumor
cells
Separation WBCs 2 Yes N/S 99% 72% N/S 2015°
and mechanical
protein extraction
Separation of 2 Yes 10 uL/min 99% N/S N/S 20168
WBCs
Enrichment of 1 No 115 pL/ min 98.7% N/S N/S 20117
WBCs from blood
Separation of 1 No mL/ min 86% N/S 96% 20128
cancer cells from
blood
Isolation of cancer 1 No ~mL / min 99% N/S N/S 2013°
cells from blood
Separation of 1 No 0.25-3.8 leukocyte N/S N/S 20160
parasites from ML/min 99%
human blood parasites
67.9

Separation of 1 No 83 uL/min ~99% Particle N/S 2020"
particle/cell ~98%

Cells

~18%
Separation of 3 Yes 1-4 yL/min Particles N/S N/S 202312
particles/cells capillary 94-98%

pressure Cells
99.65-
99.98%

N/S: Not specified.



Table S2. Dimensions of focusing structures simulated in COMSOL.

Focusing structures Width (um) Side (um) Side (um) Side(um) Side Side

(um)  (um)
1 Trapezoid 1500 320 1100 1100 -—- -—-
2 Trapezoid 2000 320 1300 1300 - -
1 Hexagon 1400 320 1100 1100 1100 1100
2 Hexagon 1900 1200 345 345 950 950
3 Hexagon 2600 1400 345 345 1200 1200
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Figure S1. Plots show plasma height as a function of time for samples injected at
different hematocrit levels (3%, 4%, %, and 12% Hct) at a flow rate of 4 yL/min and
different distances from the tube (5, 10, 15, and 20 cm). Error bars indicate standard
deviation (n = 3).
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Figure S2. Plots show plasma height as a function of time for samples injected at
different hematocrit levels (3%, 4%, 6%, and 12% Hct) at a flow rate of 6 uL/min
and different distances from the tube (5, 10, 15, and 20 cm). Error bars indicate
standard deviation (n = 3).



i
x102
35
30}
251
20}
15F
10F
5F
iy T T
X10" | e | outlet
» |=Coutlet
154 -
S R outlet
©
Q40+ -
.
5]
)
o 5+ -
€
>
z
o 30 60 X
Time (s) 90

Figure S3. Simulations of particle trajectories at the inlet and plots showing particles
exiting through the left (L), center (C), and right (R) outlets for devices with (a) a
hexagonal focusing structure, (b) a trapezoidal focusing structure, and (c) an
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Figure S4. Sample focusing in the device with irregular hexagonal focusing
structure at different interfacing tubing angles of (a) 30°, (b) -30°, (c) -60°, and (d)
-120°. Scale bar is 1 mm.
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Figure S5. Influence of hematocrit on the distribution of WBCs and RBCs at the
outlet of the DLD device. (Left panel) Brightfield and fluorescence micrographs
showing the distribution of blood cells in the output channels when injecting samples
with hematocrits of 12% and 4%. Scale bar is 400 um. (Right panel) Bar graphs
showing the highest gray level representing RBCs (red bars) and fluorescence
intensity representing Hoechst-stained WBCs (blue bars) for samples with
hematocrits of 12% and 4%.



Figure S6. Micrographs of the DLD device inlet demonstrating the focusing of blood
cells when injecting samples with different hematocrit percentages (12%, 4%, and
3% Hct). Scale bar is 1 mm.

LT OO TOUT CVD T e — e
ooenono‘ooonooouoaoonool
000000000000000000002¢8
©
00X 0000000000

08000 A
)00 3 00000000
0000000000 “"‘E"

Figure S7. Micrograph of the device inlet revealing the obstruction of regions near
the channel wall after 30 minutes of injecting a blood sample with 12% Hct. Scale
bar is 1 mm. Magnified view of the occluded regions with blood cells. Scale bar is

200 um.
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Figure S8. WBC separation efficiency for samples at different hematocrit
percentages (3%, 4%, 6%, and 12% Hct). (a) Phase contrast (PhaCo) and
fluorescence (Hoechst) micrographs of samples recovered at WBCs and RBCs
outlet. Scale bar is 250 um. (b) Plot showing WBC separation efficiency for samples

with different hematocrit percentages.
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Figure S9. Micrograph of the central region of the device revealing leukocyte
trapping between the posts and the central wall. Scale bar is 100 um.



CD19 CD16

Control

Histopaque

Figure $10. Fluorescence microscopy images of control WBCs and WBCs isolated
by the Histopaque gradient, stained with surface markers (scale bar: 50 um):
polymorphonuclear (CD16), monocytes (CD14), T cells (CD3), and B cells (CD19).
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Figure S11. Viability of the WBCs sample recovered at the device output. (a) Plot
shows the percentage of viable WBCs over time. (b) Representative fluorescence
images of the viability assay showing all WBCs (Hoechst") and dead cells (EthD-
1%) at 0, 30, 60, and 90 min after isolation. Scale bar: 100 uym.



Arduino ‘
Pressure
sensor
H-bridge
~ 3D-printed
housing

Falcon tubes
(accumulators)

Figure S$12. Photograph of the components inside the pressure system. The
components are a small peristaltic pump, a microcontroller, a pressure sensor, two
Falcon tubes, and an H-bridge.
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Figure S13. Calibration curve of the pressure sensor signal. We obtained a
calibration curve in the range of 0 to 7 psi to convert the values collected by the
pressure sensor. The calibration curve equation permits us to configure a program
in an Arduino microcontroller to achieve the required pressures.
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Figure S14. Block diagram of the digital PID controller implemented with Arduino.
Where e is the error, k is the iteration, u is the controller output, y is the pressure, T
is the sampling time, and K,, K,/T, K,T, are the proportional, integrative, and
derivative constants respectively.
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Figure S15. System characterization at different pressures.
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