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Abstract Microfluidics, which serves as a micro total analysis system, offers various advantages such as precise flow
control, low sample requirements, and integratability. It has been widely applied in the fields of biomedicine and
environmental science. The flexible design of microfluidic channel structures enables the simulation of complex vascular
microenvironments under physiological and pathological conditions. By integrating super-resolution microscopic
imaging technology, researchers can observe and analyze dynamic changes in cells at the microscale in real time.
Microfluidic chip systems have facilitated significant advances in the study of cell morphological and mechanical
properties. This article focuses on the application and progress of microfluidic chip technology and relevant numerical
simulation technology to the rheological behavior of red blood cells (RBCs) and white blood cells (WBCs) as well as
stem cells. It first introduces the use of microfluidic chips and numerical simulations in the study of RBC deformation. It
then discusses the application of microfluidic chip systems and related numerical simulations in WBC margination.
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Subsequently, it summarizes the application of microfluidic chip systems and related numerical simulations in stem cell

migration and directed differentiation. Finally, it provides a prospectus on the challenges and development trends of

microfluidic technology and numerical simulation technology in the study of blood cell and stem cell rheology.
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Table 1 Application of numerical simulation technology to cell

rheological behavior
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Fig. 1 Application of microfluidic chip systems with different structural
designs within the field of cell rheology

1 RMRESRRGERBEREIEN I A
RANERAT R IR

L1 ETHRESHZENIERELF MR

FI T 2040 B A TR AT S RO A2 s e T AR At
J R IRARRE 3 PR BRI TE S A 22 A
AbATTRT DA 23S0l Y TR 400 L0 B £ BT B A0 I A R
28 ML 73 ST 4% R IR B AT . SO TE A 420 A
HA v R, W] DL 0L 52 3 40 i A0 40 i 7K -1
Bl 2. Quinn £50V 3 1 HUEIE AR S R E
PRIU T A B2 A0 I AE B A0 I P9 ) A LR AT
I AP IE TE N R ) ZE P AR R, DA
LE S BYHME P sh Tk, £ KT, 2040



1274 VAl =

Eitd 2024 3 56 &

o AT DL BT AR R 8 um? Ao A R AR IR E
RIS B 5 R ) BRI R R, B T4
2 M A 25 Ty R PR A ) — A LA A 20 40 i ] AR
T A PR BRAI, R 70 20 48 M 1) A8 T i 70 ) T B A AH O
MR B A BB . BTk, Guo S50 78 Jhats
Jrsah BT T S, Wik T 2 AT RS
2 7B 2 388 TE SRR T4 E 21 40 B X 55 R AR TE R At
IR T — B S E ] BEE Y& — R
5K IR RALLL A0 MLIN) AS TE M R . SR, K2 ot 5K Jg AT
FH T 5005 BE A 1R T £L 40 M i AR T e, 4 B AE 9%
MR (A8 A% 12 BR TP 21 240 i i A etk 2140 e 22
IMFEEF) IR 2 Wr, T IR1SAG O LB i I R AR
A UL VNG IT B — e O BEE . Guo FElO X
(et 8 v F T Wi U S I e 21 40 R R AR TP g
FIAR Ak, FF R 4 I 52 ) 21 40 P et =6 40 36 0 7Y 3K B
JIAE R BT o e B 21 4 B 1 7™ B

FH T~ LR om0 i s A PR, BRI AT
WL 2 AN 15 R A, AN T 2 TE g
AR B SR R A BRI TE S I SRR, LI e
P KR ILARE HP LR AR PR 2 S G £ 4 B PR AL B N 43
Mr. BAbh, 2 im0 1) 2 4E s AT DAL
1073 SCILE T2, A6 Ja B B0 1Y) IfL R A7 B 1 55
Li W50t 17— 2 3@ 8 3747 HE 8 1 T B A1,
I 58 FEAA 3 m P 38838 A 22 52 PR ). FEIX A1)
Tl O A, iR 1 41 40 B 2 PR el o ol aE, i
P R SRR L 2T A i R JHL A 22 PR AR T A T AE DA A B
OB TE . HietR 21 40 B 3 IRE A& — P DL () 388 4% 12 if
TR, W IR RIS PRV L BT 0 B B e A
RIERIR G F VLR Eki, FEEH RS T E.
TR AR £1 20 M Al A 85 R AR SO BE 0 URR, AR
B LT A0 M AE B G0 I (Bl S b 28 T S
4% B R ST SR BE ) R A, I A S e e B
Kbt AR AP R . Embury 1] F H 1 22 8 1 1l
MR B M T X M, I SEI AR EE T
(477 A B I A A B ad i T Y AR R, BT AR
) 2 40 PR i A T R I o A A A B UK A SRR 31
IR 40 fi SR BEAN IR PR 21 40 B AN R e
H 548 TE 6 7118 BB 40 I8 S /N ks 2, i 2 3
0T G i 1, AT 5 35— R A AORE S S FEAE AH B
TR AR R 6 4. Papageorgiou 254l I U I8
SO0 R IR AT W ) 2140 B AE B 40 A T 3 A B
T TE N BE, ISR R 2 gk — 20 1Y R R 4T 40 i 1

0 PR, 5 SRR E 1R eSS AR SR ) 2 40 B ) 6
Bt 5 7 75 B S 5.
12 ETRURESH RGBSR

2120 1 BB ML AR B, i B L
I 2 R AL B AR, FL A 2 AKUIMT 5 45 78 328 i e 22
NERIE, ARFCAE T B, BE I35 BB A I 1R 5 2E. 5
b, FEMLB AL RE h, D40 AS . S5 MM Dl fg
W R A, IXEAARR AT IR0, T4
K, — e R BRI SR INEMNE S W)
T A S5 AR S LA A A 453 0 e T T T 052530, gl
Zheng SE0 JL X004 3R A IR B, SR i % S
JIERR I T CLA0 BRAE A A7 F S N AR T R 2502 .
FORIN, BEAG {47 Ik 18] 58 o, TR 2040 i 250 H 3 2
200 0 73 A1 98 Rt 2 WY AR AR B (EL 20 4 I O A Bt
I 18] 1A IR 2R H00A (35 FAIR, IR SR T4 4M ey ATP
PRI FE 5| R 4 B 42 =2, 3 B0 At 4 A B R
P B A S e SRR B AT DA P I 1) R 2R K
ATAH 73 Afi T8 P2 SR A 2 fif A 1) 21240 ML .

ZLA0 M 55 R AR FEN UL AR T BRI BT,
FIR M) S 0 2 AR I 5. AR, 214
PRAE A PRI 52 25 I A2 T 1 3 BUR 8 55 45 1 R
JEARMEAEAR P9 ELER DI 2, X8 0F F0 9% 57 il 2 b £ 4
P R AR TS PEAN A g 22 R R Ok T ER Bk,
R, BEFEN A B 4% T & 22l AE AR SR X
— i RE, AW ULL A 55 BV AR RE M BL . 4] 4,
Sakuma 5551 SR AR SLI A (A 2), SR T
IR L TR AR )i bR NAN DK = 7N (LK Wi BURE % Firs
X CE TE F R 214 A% S AT R HUON /7, A %
AR ok ERVNEHE B 7 i S R ) -/ i
A B G0, 2140 M 320 2k AR TR e ) il
T H A A 4 K R A T B TE i A RE A
25, I AR 40 B A AS AT A [R] ) 0 5 7 %5 A AN [R]
Al SR IX B S5 RAESE 1 R 4 i 2k 5 A2 T g
73 Bl 5% s U RV A 95 55 IR B AT A7 4. 3t —
DL TR I T RUE 5 R AR R R R R,
U T 45 H5 AT A D 40 B % 57 R A B PR A 48 A
Qiang F#0°1 SR A R L AR T AN L2 0 RGERR
LS LG I A Bh A58 57 FEFE . %07 i ANBURT LR
I P10 24 I o e A A, RT DA I A Bl
22 B 0 5 SR A 7 i I B IE SR S T, SEDLZL A
SRR S oA G Y AR W $ L R =R DALIRVE (€: ) RN



%5 M

PR 45 - 5 T Rl 422 ) 240 AR R 4 L I A2 22 4T it e ik 1275

. =0
v-1 @ T . . S99
> >

L(1,0)

extension phase recovery phase

N

= CXtar . -

;“ umbf/ity close

ey encountering

g point

on

g -

—_— § ‘\\\\

% ecOV e 20

o 1©
=
7

Y repetitive cycle times N

P2 SRR O 0 P BOR PP AL 20 40 o 5 55 45 05 A FE 1)
Fig.2 Assessment of mechanical fatigue in RBCs through the
utilization of microfluidics!®*!
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Fig. 3 Numerical simulation of RBC dynamics in microfluidic

channels. (a) Simulation of RBC deformation and flow resistance at

various length scales, comparing with experimental results!®;

(b) Structure of splenic slit!?]; (¢) RBC motion in microcapillaries’®;
(d) RBC distribution in bifurcating microtubes!®!
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Fig. 4 Numerical simulation of the dynamic rolling of WBC-inspired
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Fig. 5 (a) Analysis of cell nuclear dynamics based on a high-flux micropipette experimental device. Fluorescent staining images of stem cells display

the nucleus, depicted with red fluorescently labeled histone, and the cytoplasm, represented by green fluorescently labeled actin®?. (b) Microfluidic

chip-based stem cell transendothelial migration device. Two red cylindrical fluid reservoirs designed to generate chemokine concentration gradients that

promote stem cell migration into spatially-restricted green region!®*l. (c) Time-lapse image sequences of hT-MSCs and Cargocytes moving along a

narrow gradient in microfluidic device, with a ruler length of 50 pm for scale. The F-actin cytoskeleton is shown in red and the nucleus in blue'
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Table2 Primary findings and forthcoming trends regarding the use of microfluidic chips in studying the rheological properties of

blood cells and stem cells
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RBC velocity increases in a linear fashion with

pressure difference!’!
RBC driving pressure has correlation with disease
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cytoskeletal reconstruction occurs in stored RBCs!!7)

blood mechanical mechanism of aged RBC clearance in the RBC fatigue in cell aging, storage and disease

cell spleen!'
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1 migration patterns of SC transition in microenvironment
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driving pressure in capillary exceeds in vivo pressure, with critical size ratio mutation*)
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