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Abstract: Sepsis is a leading life-threatening problem in intensive care medicine. The recent
studies have given insights into the transition from inflammation to long-term
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immunosuppression in sepsis. This condition might cause physiological changes that comprise
the lipopolysaccharide (LPS) tolerance. Most studies about the LPS tolerance focus on the
reduced ability of macrophages to secrete pro-inflammatory cytokines. Although this method
has identified various molecular changes, it remains ambiguous since changes in the whole cell
population are measured as an average and markers are required for cell recognition. A fast and
label-free method is in demand to detect cell tolerance and screen therapeutic agents that might
reverse the process. In this study, direct current insulator-based dielectrophoresis (DC-iDEP)
was used to characterize the biophysical properties (EKMr) of inflamed cells, LPS-tolerant
cells, and cells treated with therapeutic agents. The results showed that the EKMr of these cells
was 4.28x10% 3.13x10°% and 4.25x10° V/m?,

method was useful in distinguishing LPS-tolerant cells. The device holds the promise to be

respectively, suggesting that the established

applied in medical diagnosis and medicine screening.
Keywords:
(DC-iDEP); medicine screening

immune tolerance; microfluidics; direct current insulator-based dielectrophoresis

MRERE A B R . BAE TR AR RE o, MR AT R 32 B A bR A S,
WEFARHIE, W R RIE SAMI N . & 7 A REET X R AR B 25 JF L) S = Ak

BRI, JHREAE P 20 BN 52 7 A 20 e BRL - XU
CI I I S o A L I
(lipopolysaccharide, LPS)E. % 12 I 1F 41 M i
SRR AR AR Z M (LPS), el
M2 R B —FhBEFR A LPS i 52 1) e s 41 i R
A, HAERE R R AR TR
RN, KiRZET LPS SiF kN & i %,
TEMRE R, LPS {75 . RMBEIRIC. 48k

YL RN Ye (o R BN R, #RE 4l iic iz
F1LPS i 5212,
Py T e B HR R IR ) 1 R T A R A

S, AT MR AE 112 W BOn) L E R B T
Fh AR5 R HEN S R RO 98 6 T8 R AN X 1
(1) 43 1 BE J7 1) B3I Ok 12 W Bk B E i,
TNF-o, IL-1B £ IL-651, B SRR B
2] LIRS R o 9781k, (0 H BEAOH)
Hiu 25 A 20 AR R AR O 5 B e R
s L, DB AETERY LPS T 52 3 40 i T 1wk
R 2, B o B b B A RME S0

http://journals.im.ac.cn/cjben

ZRIOTT ST 32 o Uik 220 B A TR L DR 2 2 45y
FEEHER , (BT ZhmiC B R A i, ok itk
— A RAEAF BRI E (1 8 W R
EREEMN R CELE, MNEFAYRIrEAH®H
RELE 1),

T B AT HEL YK (direct current insulator-
based dielectrophoresis, DC-iDEP).ts Ji 2 v T
LS AN . 40T . PR EE . SRR, AT
GRS AR AR RAE (B 2) M R A A
5ETAERM, ETERBEMMAAE . ARG |
bz S o AT /o N T ST ARSI
BT YRR R, ARG AT
DC-iDEP SKJF & —Fptidl . Tohric. marese
H 7 kR LPS 755 () B W 240 i 52 vk o 45
RFH, 48K LPS FAIFRK LPS (Mif 32)4b B i)
5 I 240 it 2 9 ) B R A (B (ratio of EK to DEP
mobilities, EKMr), S4HIK/N, FRTH zeta AV
T RGO R B2 R, 40k
4.28x10° V/m® F1 3.13x10° V/m*. FI75 Bk 4b P



NI F | BFHRESTHRES S PRGN TR RAW 264.7 %727 2 MM FEBYMOH S E 4151

A Cytokine and
chemokine Rediiced
Inflammation Tolerance signaling TIT
© - % . o —
Secondary
Cells A . treatment with Disease or death
LPS
B ELISA
Whole cell
. Tolerance _Tolerance _~ Positive | population/
. —_— — weak specific
Negative | cells signal
Conventional hard to detect
Techniques

DSB (DNA double strand break)

DOB( —— DO DB [ |

UPDATED DC-iDEP
Tolerance I Fast, label-free, single-cell level |

1 REmZEER .(A)&Zgﬁﬁﬁq:f!‘ﬁ;m.?z__é.uujl\EE,ﬂ](E’]*ﬁ/)nMjﬁgg‘(B)ls -8l

Figure 1 Flow of the detectlon technique (A) and advantages comparison with existing methods (B)!™).

A B
—~ 5 i
E
\ >
‘\M ="
=
E (V/m) = | ’
[ e L — T"é ' o || |
100 0~ oA AR ‘
0 5000 10 000
Distance along the channel (pm)
C D
201
— e, vs. Gate width
g = . 720
e £ 15
= 00} (J g .
4 . § 19
z = ®
5 20V -  a 5
1 1 O
-2.0 : : 80 60 40 20
0 5000 10 000 Gate width (um)

Distance along the channel (pm)

2 WREERMBEKSHEZMEYYIEMRERERUTEER A BiEREEY. B: @iEd
VIEP B C: e ililHl. D: AN 58 AL e (4

Figure 2 Design of the device and effects simulation of E and €. from the first gate to the last gate. A:
Simulation of E along the channel. B: Simulation of V|E[* along the channel. C: Simulation of €; along the
channel. D: e value at different width of gates.

&: 010-64807509 B<: cjb@im.ac.cn



4152 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

i 32 A0 RIS, 32 AR AT A Ry IE RS, A
AR A W A MR A 3.13%10° V/m® 3 in £
425x10° V/m*, 5 LPS B 42403 ) 48 i 20 A%
FOARML . ABFFRHRHE T —Fh P . EFHARIC
20 PR A2 ST I v, TERSHEZS IR YT TR A —
€NV T

1 S

1.1 ZHRE R

/N RAW 264.7 (/)N BB A2 058 441 B P
Joa 4 BEL ) RN 40 B G 3R R & I Sk 3 s 2R
(CL-0190) . A 5% fif FH Al fd A 11-23 kA%
A, 4R 3% IR Rk 2R AR s (R ek R A R 15
7% & (Dulbecco’s modified eagle’s medium,
DMEM) . 10% fifi 4~ IfiL 5 (fetal bovine serum,
FBS) #0
solution, P/S)A1 L. 4L d% =5 5] 80% % FE
BF, B 2 e ) SR BB L R, Al AR
L 1200 r/min B0 5 min, FFiE—EAE40H
W X T4 MOBOE R SL, #E R R TAE
HEE S AP IR T A T 45 25 40 3 . ] 100 ng/mL
LPS (g [ 22 va Ak il 55 ) ik B 41 1 3R A5 2 4 28
f; 5 ng/mL A9 LPS AbH4HM 2. 3. 4 h{#if5
A2, PR 100 ng/mL LPS Ab3H4H M 3545 it
MRS 20 pg/mL & BEARALEE 5 ng/mL
LPS i 341, 4 100 ng/mL LPS 4bHEiiH 32
20 M AR A T S BEIR 40 24 A A R T
1.2 RURENR A

LS R R 2 b - 1 T 6 . AR
OF A OB 2.0 cm, 818 X85 E 24
1 000 um, N 20 um. % SYLGARD 184
RGBT ) 1 B 454 [ A 5] 5 5 = Rk
%€ (polydimethylsiloxane, PDMS)#% L il 1R &, [t
FERE S R AR I, 80 °ClEfk 1 h. K159 PDMS
FEE 5 33 8 2 3 0o A R AR AR 3, B R

1% X $T (penicillin-streptomycin

http://journals.im.ac.cn/cjben

LA 8 T AT A

o, F b 8.5% (AR ) iE
B .0.3% (B EL AR T L) #I A B A1 0.75% (IRFH L)
RPMI-1640 5555 (W B Basel Media)ZH {7
TR AN A 2 WK, e B R 20 10°/mL ()
HHREVS W, I AR E . TR0 7 IO B
L2928 90 Vo 4 A R AR AL Z A Leica
B (4xEE 10x048)I0 % .
1.3 a4 Y4IR M BRAR L

FH COMSOL H AR 40 4 My 7E Sl 458 05 A
o AR Wy W B S AL (B 2) . EKMr H
COMSOL #4813 18 F, 377 11 L 37 6 J32 i 45 3 , 53
ANEAE Y EKMr ZRAF{E O B 3 4 57— 4
%ﬁﬁvgfém¥ﬁﬁ@ﬂuji%ﬁﬂk
UL L DB — A B R B A2 28 f s — A
B A A I A 2k . B E IR 2A TR,
gl %ﬁ%%(w@%ﬁ EEA&K&*%K(“DEP)Z H
EKMr 1BLa & 2C PR . B 2D R T AN
I A 30 3 e 7 A B 1) A ) P B BT EK M 1Y
KN AR G Bl A TR AN, SRS
W, AR A W BRI R SRS [ 40

2 BER54

2.1 MNERERIT

A e B SR TR UL SCER[12]. AT B R
Ui, IE O B AR RS AL, FEA A
P13 ) H 7, 3 38 98 8 25—1 000 pm (& 3).
‘B 18 A R B A AN (] B L 3 R
ML 440 A A 2 0 RS (/M) KT 8K
ST AN B AL A L A AT B, AR AR
PARE SRR Zeta LA FIEAS A LAY /)N
A0, e VL g hkeE)
WG —A Mk, EKMr EME A 2.2x10° 3|




NTH % | BFHRRH RERS S PR MTERS RAW 264.7 %557 B AIMIEE W0 H 5 %

—

—_—+ EK

O Bio-particle

B3 ®miEthRITRARZENTER

A BRI UGS iR MoR R B AL Sy

. C: #Ms2 fI/RER. D: RIS ZR. E: W20 ikoR 2/ . B EK A3 /1, DEP

VIR
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