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A: the gel-free 3D microfluidic cell culture system has two inlets (one for culture medium infusion, one as cell reservoir) and one outlet. Micropillars

divided the microfluidic channel into a central cell culture compartment and two side channels for perfusion of culture medium; B: schematic illustra-

tion of the automatic cell culture system. It is composed of a cell culture area, four micropumps, four microcheck valves, microchannels, reservoirs, two

heaters and a micro temperature sensor. (Modified from reference [12-13])
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Microfluidic cell culture system
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Ar T2 i 40 N I PMMA BRI R o e BB R BEAOR R IEL, JEAT7AN T, Lyl 2-40 e A H; 5,60 ZEANIc&E 15 7: %
W o AP 5y e DR IBOR I B Y00 e 40 RS S AN RS o 2 10 DAy ST AT R G o 240 5 S 1, IRLSCRE i E A T, b
AT 115 LR MR ST AR 105 o P by 2R B AR O A R 1 LB 15 C: i) A R LUK 3 S He La i S AR it 428 85 s D2 96U I
TS AN s R, AR O B I, 23 A d, SRR O 1, i AR AN RN A B A s AN ik R s E
AR T DGR XN, BT R B R GG LR, OGO GG, K R MR S b 2B Lok B ZACARRETE NI S i i A . AR TR A A
AR FARA SN2 AN R AR AN B B LR AR2), RN 23 70 IR s bR S (RR2E LRI AE2)FR0, AIMAEMES IRIMES 25 /8w Bk LT 7 X
WURASr 8 (B2 7% 3Ck[23-24,32,35-36,42] 15150

A: PMMA microfluidic devices for blood cell filtration. Overview of the blood cell sorting chip (left). There are seven ports. 1: blood injection port; 2-4:
buffer injection port; 5,6: RBCs collection port; 7: outlet port. Partial enlarged drawing of the sorting area (right). RBC refers to red blood cell; WBC
refers to white blood cell; B: continuous flow microfluidic device for cell separation. Schematic of the pillar type for blood cell sorting (left), a-blood sample
injection port; b-white blood cell collection port; c-red blood cell and plasma collection port. SEM of micropillar array in the regions close to the end (right);
C: the negative dielectrophoresis microfluidic chip for the focusing of HeLa cells; D: the schematic fluorescence-activated microfluidic cell sorter. After being
aligned to the center of the channel, cells are analyzed and then switched. Target cells are directed to the collection output while all other cells flow to the waste
output; E: design concept of the proposed automatic system for cell sorting. When cells flow through the region of interest (ROI), signals generated by the
digital image processing (DIP) system used to actuate a single beam optical tweezer to extract the target cells from main sample flow stream; F: the multitarget
magnetic activated cell sorter separation architecture. The sample contains an excess of nontarget cells and 2 different target cells (target 1 and target 2) that are
labeled with two different magnetic tags (tag 1 and tag 2) by specific surface markers. Separation occurs in 2 regions of high magnetic field gradient generated
by the microfabricated ferromagnetic strip (MES 1 and MFS 2). (modified from reference [23-24,32,35-36,42])
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Fig.2 Microfluidic chip for cell sorting
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A: scheme of on-chip lysing and on-chip incubation of HL-60 cell with substrate. Substrate and lysing agents were placed in ports a-c. Cells were placed in port d.

A fluorescence detector was located downstream of the mixing point, and an observation microscope sat over the intersection; B: a continuous electrical cell ly-

sis device using a low dc voltage. The width of the microchannel is 200 um, while the orifice’s width is 10 pum; C: scheme of wireless induction heating device

for cell lysis. A metal heating unit with hexagonal shape of 6 mm of side length was embedded between two layers of PDMS. The microfluidic system consists

of one entry (1), three chambers (2-4), one outlet (5), a metal heating element (6) and induction coil (7). (modified from reference [45,47,50])
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PRETEE

Fig.3 The schematic view of the cell lysis device
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This device consists of five layers including PDMS microfluidic layer,

thin polycarbonate layer, photosensitive dye layer, metallic reflective

layer and plastic protective layer. (modified from reference [58]).
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Fig.4 The study of cell counting on microfluidic
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A T B AN HeLadl g e Aok M A IT BT IT, IXAN A G 3A AT IR I TE R P HE 58 5003 pn F010 e FRBlcle 11, A7 B Sk A8 s A0 AZ K A7
, HeLaZll fitd I8 17 b MEIE TR ; B ILA A MANE LS DR, 170 =S N EHEN AN, 9K 2 40 il A 21— ke i, 43 i e
730 mL PBS. Ji#E FIRGAIEDTAN &, AR5 RN B AR 1~ 40 Ju k2 st 5 DAN L BE IR C: - WH0 4l S i A% i i o e e 1.
NJECHB 52 21785 1 5 18l . PDMS J2 A6 40 i AE T R RO 38, 757 c AMP T I T - YR 1) B 57 TS SO T TR i 7 21 BB ATHDE, 40 i A
B E N, A5 B0 S5 3 0 1) SR 7 I B 305 3/ A T DU N A R IR s R X RO AT 16N I, 55 1235000 6, 8, 10, 12 pm, 3K 58 /4
A4 4: P I T DA 40 NIT A e i B, BN IEIE B8 50 100 pmee (2225 SCIR[72-74]1220)

A: the migration study of individual HeLa cells across microgaps (left). A typical device contains 3 parallel channels and 2 rows of microgaps of either
3 or 10 um in width. Arrows indicate the position of the cell nucleus (right). The direction of HeLa cell migration is from the bottom channel to the
middle channel; B: patterning processes to create wound edges for the confluent cells. First cells were loaded from the three inlets, after two days, when
the cells reached confluence, 30 mL of PBS and trypsin/EDTA (TE) solution were, respectively, injected from the three inlets. EGF, CD, or phalloidin
were then added to the medium; C: the open microfluidic device (OMD) for studying cell migration. 1: schematic diagram of an open microfluidic de-
vice viewed from the bottom. The PDMS layer contains cell port and channels. A micropipette filled with the mixture of cAMP and folic acid is placed
in front of the narrow channel region; 2: a side view of the device. Cells are loaded through the cell port and crawling on the glass surface toward the
micropipette; 3: scheme of the narrow channel region with cells crawling toward the micropipette. In the actual device, there are 16 channels with each
size represented 4 times. The channel widths are 6, 8, 10, 12 um; 4: scheme of two wide channel regions with cells crawling toward the micropipette.
The width of each wide channel is 100 pm. (modified from reference [72-74])
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Fig.5 The study of on-chip cell migration
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A: illustration of RGD mediated cell thiolation process (left). Integrin proteins (CCRRGDWLC) containing cysteine residues at both termini are com-

bined with the CHO cell surface, then the thiol functional groups on the peptide bind to exposed gold pads and hold the cell in place. Schematic of the

glass PDMS microdevice for single-cell capture (right). Cells are directed to the desired electrode by applying a 50 V/em electric field between the

interdigitated electrodes; B: diagrammatic sketch of the structures of the serpentine microchannel for cell capture. Cell suspension are injected from the

inlet, then a single cell was individually trapped in each trapping pocket. The main channel’s width is 50 um, while the half circular trapping pocket’s

diameter is 20 um. (modified from reference [78-79])
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Fig. 6 The schematic view of single-cell capture
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A: scheme of the microfluidic system for co-culture of NIH 3T3 and HepG2, cells were loaded from the top and bottom channels, while the medium

was loaded from the left channel and the waste outflowed from the right channel; B: schematic representation of the microfluidic coculture system. The

macrophages were cultured in up-stream microwells and osteoblasts were cultured in down-stream microwells; C: scheme of the study on the interac-

tion of T cell and endothelium HUVECs were loaded into the device and stimulated with TNF-a to induce surface molecule expression. T cell was

observed under fluorescence microscopy after incubation with FITC-conjugated CD3 antibodies, SLE: systemic lupus erythematosus. (modified from

reference [83-85])
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Fig.7 The schematic view of study on cell interaction
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Recent Applications of Microfluidic Technology in the Field of Cell Biology

Yao Lin, Bai Liang, Wu Liangqi, Ding Yongsheng*
(College of Life Sciences, Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Since the early 1990s, microfluidics, also called “lab on a chip” is growing rapidly. Because of
having the characteristics of miniaturization, integration, high throughput, low energy consumption and rapid analy-
sis, microfluidics becomes attractive in cell biological research as a promising platform. Microfluidic technology
enables us to investigate cell behavior with precise and localized of experimental conditions which are unreachable
by using macroscopic tools. This review mainly summarizes recent applications of microfluidics in cell culture, cell
sorting, cell lysis, cell counting, cell apoptosis, cell migration, cell capturing and cell interaction.
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