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which is dependent on the areal strain of the cell membrane.
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Bio-inspired Cell Deformability Monitoring Chips
Based on Strain Dependent Digital Lysis Rates

Sechan Youn, Dong Woo Lee, and Young-Ho Cho
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Abstract

Cell Deformability (M3 3 4J), Erythrocyte Deformability (%138 M3 AJ), Cell Lysis (M3

We present a novel cell deformability monitoring chip based on the digitally measured cell lysis rate

This method offers simple cell deformability

monitoring by automated high-throughput testing system. We suggest the filter design considering the areal
strain imposed on the cell membrane passing through the filter array having gradually increased orifice length.
In the experiment using erythrocytes, we characterized the cell deformability in terms of average fracture
areal strain which was 0.24+£0.014 and 0.21£0.002 for normal and chemically treated erythrocytes,

respectively.
difference of normal and chemically treated erythrocytes, which can be applied to the clinical situation.

We also verified that the areal strain of 0.15 effectively discriminates the deformability

We

compared the lysis rates and their difference for the samples from different donors and found that the present

chips can be commonly used without any calibration process.

The experimental results demonstrate the

simple structure and high performance of the present cell deformability monitoring chips, applicable to simple
and cost-effective cell aging process monitoring.
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Electrical cell counter ﬁ.
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Fig. 1 The structure of the present cell deformability
monitoring chips
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Fig. 2 Areal strain in the cell membrane for the orifice
length, /, and the diameter, d: (a) Sy and S denotes
the surface areas of the cell before and after
aspiration, respectively; (b) Estimated areal strain
of erythrocyte membrane based on the equation
(1), for varying orifice length with a fixed orifice
diameter , d=2pum
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Table 1 Three types of cell deformability monitoring

chips, each having four filters of different orifice
lengths*
Devi Filter 1 Filter 2 Filter 3 Filter 4
cvice
type Li € Lo g Ls € Ls €
[um] | ™' |[um] | 7 |[pm] | ™ [[um] | ™
T 2.0 [0.04 | 6.7 [0.15(11.2 10.25|16.0 |0.37
L 2.0 10.04 |43 [0.10] 6.7 [0.15] 9.0 [0.20
U 9.0 [0.20 [11.2 [0.25 |13.6 [0.31 | 16.0 |0.37

* Each of the Filter i consists of five orifices having the
length, L;, and the identical cross section of 2um X 2.2um,
generating the areal strain of g, for the erythrocytes
passing through the orifice
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Fig. 3 Fabrication process for the cross section X-Y in
Fig. 1

T 29E

T-device™= 0.04~0.372] WAHHES A7}
JE= A Lo, LdCVICCT: T-deviced] <
= S92l 0.04~0.20, U-device™= T-device®] %+
HFgeel 020~037¢] WHHAE TS AAHA
t}. L-3 U-devicee T-device’} #|&3st= HAW
FE&e WHolA By & Filsoz HIAHS
AArtst7] f13kol ).

3.1 M=&EE=EA

BoAE Wgd HAAe A A Figadl
LAgE upeh o] M=ol FAE F7]Ee] AL
PDMS (PolyDiMethyl-Siloxane, Supelco Inc., USA)E
of-g3k mAi frEe A, Azkd #d 7|8
PDMS =29 el Al 7HA] dAl= o] Fojxit},
wA A2 ol flel 2.2um F719] SU-8 2002

(Microchem, Newton, MA) &S A3} SU-8
el PDMSE FHT F 85°C oA FAIZHE]
B3tgs AA vAFEE AFslt

F3 Pyrex 119 9ol Cr} AuE 27t 300A
I 12004 FAE SHI 5, ols FENTGS
A2 zketo] d5S5 FA viA o= PDMS
xS 353 A7) BD-10AS  (Electro-Technic

E[)

Products, INC)E ©]&3}o] <F 1037t Zgt=n} A
9% @ ¥

7193} PDMSH-2E A 3Hstqitt.

(b)

Fig. 4 Fabricated device with filters: (a) Device size
compared with a penny; (b) SEM photograph of
the filter, having seven identical orifices

Fig.5 An image showing the erythrocytes passing
through the filter array
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Fig. 6 Threshold voltage for the electrical cell counter,
discriminating normal erythrocyte signal from
debris noise
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Table 2 Lysis rates* measured in T-devices for the
normal and the treated erythrocytes passing
through the orifice length, Li

Cell Lysis rate across the filters with the orifice length, Li [um]
condifon | L1=2pm L2=6.7um L3=11.2um L4=16pm
Normal | 162+ 37% | 187X 50% | 479+ 6.0% | 171 % 5.0%
Treated | 140+ 3.0% | 363 6.6% | 369F38% | 119+ 33%

* Lysis rates are expressed by the format of
mean * standard deviation.

Table 3 Comparison of deformability estimated in terms
of average fracture areal strain* measured in T-

devices
Cell Avg. orifice length for Avg. areal strain for
condition the fracture (pm) the fracture
Normal 10.5+0.6 0.24+0.014
Treated 9.1+0.1 0.21+0.002
Difference 1.4+0.6 0.03+0.014

* Areal strains are expressed by the format of
mean * standard deviation.

Table 4 Accumulated lysis rates* and their maximum
differences measured for samples from three
different donors

Cell Accumulated lysis rate (%) at maximum point
condition Sample A* Sample B* Sample C*
Normal 41.344.5 37.9£1.9 41.9+2.0
Treated 59.0+£3.7 56.5+5.2 61.8+1.6
Difference 17.8+5.8 18.6+5.6 19.942.6

* Lysis rates are expressed by the format of
mean T standard deviation

*  Donor Information(age, gender): A(28, female),
B(27, male), C(25, male)
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Fig. 8 Accumulated lysis rates measured for the normal

and chemically treated erythrocytes in: (a) T-
devices; (b) L-devices for samples from three
different donors
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