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30 Supplementary Figure S1 Batch culture and distribution of diameters of live CHO cells. (a)

31  CHO cells were cultivated in a spinner flask on batch mode for 140 h. Concentration and

32  viability were analyzed daily using automated equipment (Bioprofile CDV Analyzer, Nova

33  Biomedical, USA). The total cell concentration reached approximately 4.7 million cells/mL, and
34  the viability was 95% at 140 h. Error bars, data range (n = 3, technical replicates). (b) Diameters
35 oflive CHO cells were measured using the same equipment. The cells had an average diameter

36  of 17.8 um during growth phase (e.g., 65 h).

37
Cultivation time (h) Number of live cell | Average live cell Standard deviation of
cells analyzed diameter (um) live cell diameters (um)
0 380 17.2 2.7
22 502 19.7 3.1
50 1,458 18.7 2.5
65 2,617 17.8 24
88 4,370 17.7 2.5
114 4,811 17.8 24
140 5,208 17.1 24
Total 19,346 17.7 2.5
38

39  Supplementary Table S1 Summary of data in Supplementary Figure S1b.
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Supplementary Figure S2 The CHO cells at the bifurcation of the microfluidic cell retention
device at different fluidic resistance ratios of the outlets (a) The CHO cells (11 million cells/mL,
97% viability) near the outlets of the microfluidic cell retention device (Roo, fluidic resistance of
the outer outlet; Rio, fluidic resistance of the inner outlet). The input flow rate was 1 mL/min.
Higher cell retention was visually confirmed for higher fluidic resistance ratio (Roo/Rio). Scale
bars, 500 um. The distinct clear region in the inner outlet was identified at the first and second
highest fluidic resistance ratios (Roo/Rio = 4.2 and Roo/Rio = 3). This region indicates the

enlarged streamline boundary at the bifurcation under higher fluidic resistance ratios (Roo/Rio),
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because the stream for the inner outlet contained both sorted cells and cell-limited portion of the
flow. The stream for the inner outlet at lower fluidic resistance ratios (Roo/Rio = 1.8 and Roo/Rio
= 1) contained only the portion of the sorted cells possibly because of the reduced streamline
boundary toward the inner wall of the channel. (b) The 2D spiral channel designs were
constructed to theoretically validate the experimental results using COMSOL simulation. Four
spiral channel designs with different fluidic resistance ratios at the outlets were tested using
COMSOL software (COMSOL Multiphysics, Burlington, MA, USA). The average input flow
velocity was 0.264 m/s. This value corresponds to 1 mL/min flow rate for the spiral channel (600
um width, 80 pm inner wall depth, 130 um outer wall depth, and eight loops). The flow velocity
of the inner outlet decreased with decreasing the fluidic resistance ratio (Roo/Rio). The 2D
streamline plots were obtained to observe changes in the streamline boundary between the inner
and outer outlet flows with varying the fluidic resistance ratio at the outlets. The streamline
boundary moved toward the inner wall of the channel near the outlets with decreasing the fluidic
resistance ratio (Roo/Rio). The width of the inner outlet stream was measured. The channels 1
and 4 measured 465 and 296 pm, respectively. This simulation result showed that the cell
retention of the device could be affected by the fluidic resistance ratio at the outlets. Higher
resistance ratio (Roo/Rio) resulted in higher cell retention through the inner outlet of the device
by increasing the streamline boundary toward the outer wall to induce more focused cells to flow

into the inner outlet of the device.
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Supplementary Figure S3 Other perfusion culture parameters. (a) pH values obtained from two
pieces of equipment (BioFlo/CelliGen 115 systems, New Brunswick Scientific, USA; Bioprofile
FLEX Analyzer, Nova Biomedical, USA). (b) Dissolved oxygen level. (¢) Dissolved carbon

dioxide level. (d) Glutamine and glutamate concentrations. (¢) Ammonium concentration.
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Day 14 Day 15

Supplementary Figure S4 The images of the cell
retention device during the perfusion culture.
The device had no clogging and accumulation

of the cells in the channel. Scale bars, 10 mm.
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Supplementary Figure S5 The second and third perfusion culture results. Error bars, data range
(n = 3, technical replicates). (a) The decreased viability was observed around Day 5 because of
operation failure of the magnetic stirrer. The CHO cells were recovered, and high viability
(>97%) was maintained throughout the culture. The maximum cell concentration was
approximately 30.5 million cells/mL on Day 13. (b) The cell retention efficiency of the device
was measured at >80% under the concentration of 20-30 million cells/mL throughout the
perfusion culture. (¢) The peak cell concentration was 28.8 million cells/L, and the average
viability during perfusion was 97%. (d) The average cell concentrations in the bioreactor and in
the permeate after Day 12 were 21.8 and 3.1 million cells/mL, respectively. The average cell

retention efficiency after Day 12 was 86%.



a Feed

channels

Layer 10 5

0.6

0.5
0.5

0.4
0.4

0.3

0.2 0.2

Flow velocity (m/s)

0.1, 0.1

1

—
[——
[———

@ 05 — —=— Average flow velocity _5 <
C T —e— Average flow rate i
> 0.4 - i B — 4 —El
3 03+ -3 o
o ©
= =
o 0.1 — L 1 e
€ 0.0 o8
§ ’ T I T I T I T I T I E
< 0 2 4 6 8 10 <
109 Layer number

110  Supplementary Figure S6 Flow distribution in the stacked microfluidic cell retention device.
111  (a) One of the feed streams of 10-layer stacked device containing four spiral channels in one

112  layer was simulated using COMSOL software (COMSOL Multiphysics, Burlington, MA, USA).
113 The fluidic paths of common feed stream of 4mm in diameter and inlet streams of 10 spiral

114  channels were modeled. (b) The feed velocity of 51.6 mm/s corresponding to 38.9 mL/min flow
115 rate (56 L/day) was simulated, and flow velocity magnitude of each input layer was plotted. (c)
116  The surface average of flow velocity magnitude of each input layer was evaluated and converted
117  to the average flow rate. The average flow rate of each layer had the average of 3.83 mL/min and

118  standard deviation of 0.05 mL/min.



119
120  Supplementary Table S2 Summary of the batch and perfusion cultures.

Parameter Batch #1 Batch #2 Perfusion #1
Cultivation time (h) 264 264 390
Perfusion time (h) N/A N/A 294
Working volume (mL) 250 250 350
Spent medium (mL) 250 250 8510
Maximum viable cell concentration
4.8 5.7 22.7
(x10° cells/mL)
Maximum total cell concentration
5.5 6.1 23.0
(x10° cells/mL)
Average specific growth rate durin
seop s s 0.03 0.03 0.03
exponential growth phase (h™!) 7
Total amount of product harvested (mg) 8.2 8.9 262.6
IgG1 titer (mg-spent medium L) 32.8 35.6 30.9
Integral cell area
33.9 37.5 228.4
(x10° cells'mL!-day)
Specific productivity (pg-cell-day™)" 1.0 0.9 3.3
Bioreactor productivity
. 3.0 3.2 46.9
(mg-working volume L!-day™)

121
122 "The specific cell growth rate during exponential growth phase was calculated as follows: u =

1 -1 . . .
‘123 w, where p, X, and t represent the growth rate, the viable cell concentration, the time at
274

124  which the sample was taken, respectively.
125  YArea under the curve for cell growth that accounts for the titer
126  'Titer/(Integral cell area) for the batch cultures, (Titer x spent medium volume)/(Integral cell

127  area x working volume) for the perfusion culture
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Supplementary Table S3 Comparison with other cell retention technologies commercially

available for perfusion cultures of suspended mammalian cells (CHO cells)

Alternating
Tangential
Tangential Inertial Inclined
Flow Filtration Centrifugation Acoustic wave
Flow System | sorting sedimentation
(TFF)
(ATF)
Applikon Roche
Company / GE Healthcare, Pneumatic Scale
Repligen MIT Angelus® Biotechnology®, | Diagnostics
Institution Spectrum Labs b
Sartorius APIcells® GmbH
Maximum cell
) . 3582
density (x10° 214! 132! 44 15b.3 2054 16°
cells/mL)
Rapid decrease Rapid decrease
Cell retention . observed observed
) 100 100 84" to 99 85 t0 99°
efficiency (%) at >40x10° at >20x10°
cells/mL? cells/mL**
Scalability <1 to Up to 30006 <1 to 1000
2 to 2000° <1 to >2000° . Up to 3000°
(L/day) >500 100 to 6000° © 1 to 20> ¢
Product
Low Medium High High High High
recovery
Dead cell
No No Yes Yes Yes Yes
removal
Capital and
High High Low High Medium Low

operation cost

* Obtained from the in vitro device characterization experiment (Fig. 2d)

T Retrieved November 29, 2016 from http://www.applikonbio.com/en/products/biosep-perfusion

¥ Retrieved November 29, 2016 from http://www.apicells.com/news/105-the-cytoperf-

technology-at-the-esact
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