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BE2E FATH LA (ultra violet, UV) HEST[E 16 7K
R (hydrogel) 77 VERE TAT BTG 224, /KEER 2
— P B K & R KBOICE R SR, HBA
5 NAKREH LA J) 2P i BB ARG 1 AR

AN, IR 2 T HR TR, L5 K&t
B2 W] A4 77 v A ) e 1 ) F A 2 B
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TR FE DRt T2 ST B ) 7K 8 A [ 4 BT T il 1 225
AT . A — P ek iR 77 % R AL B 1R 1 T
VEAE /KB 7 3% B LR (hyaluronic acid, HA) [
Iy FIEE b ol N BTG IR R [, 453 7) DLEE S 4t
TR R 7= A AT TR KR IR, B 58 A1 B S 21 )
B o A Y, TAEAT #5801 HESR 3 038 74K
IRV, TR I I 42 1 R ' AL PT LA SR A4 R Ak
PSP 0 5 K PR RS B 9

BT DL BBl i v 1R 8 A Ol B S [ A4 K ek
JR 3D AT BN & R #an & 11, UVORIRQ il
JeaE IR R A S 3 S R B B S
(digital micro mirror device, DMD)®)_t.. Hii15
BLE 1 Y DMD #2205 CAD =4k &5 1 2 V) v B4
B, e v BT U 3 A RO R R SR
UV BRSO BIOET & B R s 84t k@
B UV BG SR EAE A1 b, A £EF 1 B /K
B R E e E L BT B S ML
I T LG A i) (55171,

Horh DMD & F @181 & B 03, w1 L
o VEE S 28 RO R B R 4T P & BT ENRG E, HL
FEJFE R 2 DMD 8 f e vk E AL CAD B
BEAR A R PR KRR, B T4
5. DU MALES A 7] 1 DLP 9500 DMD it J Jy i,
‘E LRI #CE 19201080 4~ 10.8 pm x10.8 pm K /)
AR5, BB #R W] kX8 0/1 TF
S 308 T A ST s ) e 2120 FAMBTRY A, 30 X 87 )
B3 RO AR ) B0 250G K 1T T 9% AR ] ik
23 kHz, IZFEH A 1) a7 MR ) A 1S B g n]
DA OR T B A2 BT AT RS JEE (~1—10 pm).
T AN EEAS TR v K R R T 0 R G A B
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B8 v AT 5 2 T2 TA) VR N B 7K 6 R SR AR PR A4 R
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6, SRJE TSR B & B 3h N — Bl
B, HENHTI A, TE T2 [ Ak Y S R T 4k S
Je bR XFREE 2 R Bt Al DL R Y 5
B S =Y R AR B S5, AT A ROL ¥
=HEROCE S EORIZ R B AR I 7 3, %
ARRKAGH T I = AR G5 K i hn T[], sk
LT A F100 B bs. HRAE I 7T 75 20K 41 A 2
3D T BN K BER SO R B, AT LREAT 0 B 40 L A
Y EEARSPE TT.

£ S BRAIE TR R RF 2 AT — RE S A2 3% W
JRIR 7318 ZR 5| N AU MK BT 3R S5 2B 0y 7 Bk
e DUV 37 W O IR 14 25 BRI 1 KB I A A A
ST ARG LN 200 A7 5 SRR P R e, R 4240
TE KRR 3D 34 B AR K AT Ry [018]) A4S 31 i
DAL ET 3D AT BT AL, SBIL fie KPR PE AR SULAA A

100 pm

I H 1 B

@ Image flow from
computer

<> T (D UV light
@ Projection
optics

[ =) >
ISpacer Substrate __— //. """7‘"

@ Stage Biomaterials

Layer-by-layer
polymerizaiton

11 AR B ALK BER ) 3D 4TE1T- 6 R B,
OSSO, @THFHIEHIIE Y, @B B o 1F
DMD, @t R4, @aBNTE; iHHEN Rz
BT RS, FFEESKEE, @B Ta T
¥, — R 2 BINTEN B4 3D 4t

100 pm 100 pm

12 (a) 280 = 4E s M Al i 450 8 F B I s B IR, 45 M IO A RE R 100% 3R 20 = — 179 04 TR Bk
(PEGDA); (b) VRN BB, (o) LRMERMEE F4MMILE, /R HUVEC & 15%GelMA 1)
SER FREFRVUR G A KRR (d) FRBORRE R MR, Bom it LBReGH F HUVEC M2 4id gy (e) Bk
SERIE IRV B A Y Z O [ AT, ST S TR AR AN B AR SO BRIV ZOIRIES; () IR LA
Z 75 FRERTT I, o H 70 2 BREE M [T BR AN A B 0t (K T 76

Zhang % N\ A FHIX R UV B85 18] 1 ABRRE 1
HORBEAAT B — BRI 52 1 = e e g 1),
5112 (a) J& —FpBR R 45 MR B LB IR Y, TR
F M AR N B R 46N, R T X
T Bl A I T P v i L B & F T T
R R A AR, BT PR A o T 52 2 A
R 5 . 2 S AT SUHE S i~ Bk 2 4 4 (MR 5

A 15% I H 35 T4 445 T2 W e GelMLA) = Foft AL J 45 ik
W4 (HUVEC), 5954 K J5 L R B s
MEE, W 12 (a)—(d) 7] LAE HE 40T 4540 JIE 0T
T b (AT 4R 15 7 L) 1 20 R R A0~ 2Rk T
{147 &0 B T 32 T B AS [ () T2 25 SRR AIE, 40 B 077 % e 1
S I R LA SR AL, H S RO FE ek T LU
AR, MR AR R LR R, KRR
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HUVEC M H A R H GRS, XMdiie S
PRI AE BAR (0 78 0 R 7 s 40 M 4= 28 A2
SRR BAE LR SR T AR L i JE %
Rk 2 4k, Huang 5 N AHFI A X FPEARST B H
P 13 B B R g A DSl B = RS R
SEN T R, PN B R 1 1 E B0 4 (Hala)
B A T # Ve B R G TR) 78 5 T 48 i (10T'1/2), W
L PP A RLLE A ) B8 B ) = 4 45 R ) AR KA O

13 S ERMEBET Hala 4HIAE AR = 4E454 (FEN PEGDA) i B &

(b) 45 pm [MZ5#); (c) 120 pm 45

{iF% /pm

AN B A, HA TE R 5o = 445 1 1 58 20
Hala A3 5201, Fifi 45 K4 96 FZ i 56 11 Hala 57K B8 /)
LR AR AR, H2 10T1/2 A K B 21K
A7 B S 52 B R) TEFE (RS, XA S5 iR 1
10T1 /2 3ER R RE AR AT 28 AR AU R R
ol A Vs A2 A X LA £ 3R A e A 2 i B A
S, IR ZE 5 10T JE WL AR AT RE AV AE IO REAE VR T
SR

(a) 25 um FEHILEH;

Soft 3D 301 ®)  gsiier 3D

20

D% /pm

10

——

UV $ 7 B 5 (DMD-PP) [ £k 7K 5 B2 1) 4%
O HE AR S HFF T, Pranav Soman %5 A 45 2 41
K14 B9 50IR 2 B G54, TSR BT 56 240 0 £ A 7] B i
FEPE (3t RS 1 = 445 0 B e R R B 1.
K 25 B ST A I8 B A2 P 45 ) 1S 2 T L SR R RN L
a7 4 E TR X R A [ (1) = 4 B 1% i R IR o ok
(1R 22 R M AR A P RE 2 AN R . BR AR ATT 43
5l FH 2 19% A1 95% [ PEGDA #1BHT B H %l 72
FEASIR] (R 28 = 4 348, H bl = 2 SR 1
A B (~5.5 MPa) 12 B4 (~ 0.9 MPa) 1]

HMLE

T 0
HMLET

HMLE

HMLET

100 pm /

14 (a) A DMD-PP J5i34TEIH 3D RE B 45 (MR & PEGDA) iLE, JLT BN, =42 B4
HZE, ®EN0.5 mm, H—)ZEER 0.1 mm; (b) FRMBEE BHE N PEMMRE; (c), (d) HMLE f#1 HMLET
TEZ MR SR B S5 LT R SEM B; (e), (f) SEBER B 7 I

6 55 4. NIEH FUIRE AN (HMLE) 58
Ji e 4 (HMLET) # M A 72 X 2o 454 | 22 A
[ P ) 08 8 L A KR P 14 (), (d) A AT TR s
56 BBOHR IR S T A8 T X 250 B 11 35 ) W B 7% e 4
I M i 4 B P AT 8 SR I LU R 2
P, T E THI AT 55 0858 f10 285 A4 BN I b 22 S AN B ..
Bl 14 (e), (£) XAERI LIRSS R € T RATEARSNE
JEAA R AR B 1) B AR R U P A G IR A
{10 45 K SR U A0 B I RS AT N RAFAE BRI . BT
DA — 5 BT 98 3 R B4R 9T RE fen 52 30 Ji s 4 i A=

058705-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 5 (2015) 058705

KU BB 25

Linetal | FH 33X Ff 3 AR A8 2R — Ffr szt S5 44
M—Fh 2 LS5 K. R0 4 M bl B S AE S5 /) N
B, R 1 EMELE B & ZE (polyethylene gly-
col, PEG) FIH 4 HE -2, 4, 6-= F & 7% I R Ik B 1R
fig, £57% LR 5 H 27250 5 BE4U MTS (mechan-
ical testing & simulation) 5256 73 A~ [A] £L PR %6 25
Py 2m i 1 101 il 15 (). ATRAE H, 24 h
LA VA 9 A 45 ) v F 4 I PR R A AR ], BLFE 28 =R
ML RPFF S Dl rs R B E R
(E=Rp < 0.01(x), FH-LKp < 0.05(x)), 4iffI7E
WA LB = 4EgE i AR S0 I =4S R
B BV AEE . A LR 254 R SR k4 AH AR
AT BE 2 (U, ABATTI AR — YRR 1 4

A

T THI XoF 45 R 5 1A AN T) 1) = 4 &5 ) F BT 00 e 19 e 7
FEANA .

TS TT L, SR A1 R [ AL AR (5 v D
REFT BN H — R P A b = e 250 F T 40 s A=
PE IR TT, IF HEUG 7S5 BUE R, XAy
BT BE RO S BOR B A A B &
P —RERMEA G5 B0 AV R,
oI A AE 7 5 1 e B A 38 2 1 5 T AT AE 98 L
T BB N PRI, B8 T A 30 IR AR A K R AR 2%
iy R EW AR SEIUE Rk (~1—10 pm) B[
I 5 R 10 P ) P 3T B EE — SRR I a4, BT AR
Toft 5 42 R S S AT 7 9 440 B A 5 M S AN AR 2R BB
i U = e 5 i LU A i

(b)
2.07
.
1.54 I I
1.04 =
0.54
0 . v +
Day 0 Day 3 Day7

K15 (a) DMD-PP J7iE4T BT 95204584 (Solid) M2 4L (Prous-1) HIG5H; (b) 20 AL SEARSE AN 2 LG5 H o
HIMTS Scatar A B s o, RIS B E R I 7T 33 2 p E

3 ZHEMESMTERAGHNEE

BRI I A W PR R DA BUS TR 5
T 1k, R BRLAR 28 R 4N e 5 4 B AT AH ELAE F 4i
PS4 4 DA R 230 i 5 55 RS PR RS B 55 TR 2R 35 DD AR O,
HH xR 7 A T RSB R Y. |
J2 QAR ST b A AL 4 B A PN A KR B — D
FIE MR 22 5 LB SR e — M. N T
FifHROX AN HME L, ] N AMIF TN B 45 G 24 A BT I
3D T ER. 3D b T i) AR M & F FH PDMS £
Wk RERE A/ WK RIE . 480 ES . RAMNR
WK B R S5 ik A T & B S = 4
T, SR T a0 K AR E I e, DLk
LG IR TORG FEEA N RO BE R RR R SR, I A () = 4
AR BE B AR BAREAT T — RIS S
75 T HEAT SO AT AN i 56 4 S UK 4 R AR A B 1
LS E I, T H X 8 S ) = SR R A UL
F0 e RS R AR R 2 A

BT AR 4 22 S5 1F 78 42 56 RIR %1 JE 2% 28 34 F

FAAT RIS — BRI =4 WE ST B RS
(3D micro-ecology simulation system, 3D MESS %
Gt). 1ZRGHG LUK 5 A1 ' IR S ] 4 7K B I 4T B
G AL, BHOEH AR R4 (light sheet imag-
ing), ZHITUZI KA (micro/nano pipette), 7E4H
MR B — R H FRIFEES, BHKETH
F 3D 47 B A3 3000 T R FA TR 2RO RS B2 1 52 %
SRS R, AE BL R b S I 2 R A RS
PRI, AN ST B2 1 AW B A 0T 9 B BRI
B, IS LY 7 SLI T BOM R 4 R i 1k
I AE.

B 16 7 () /& 3D MESS £ 45 i B 48 i ) DY
AT FROR: AW e 1 5 AN ] A 7K s B2 D ) 2%
SN B SO B B 303D 9T BN Ol A IR B
BRAR = B G R R A ) | T S A s 4
Fi IR

Be & A T 3D MESS 2 Ge48 i 28 41 & 4k 7K
B B Al 2 B R B I BR 2 —, W 2R 3D T
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KA, R A0 A S K AT LB MTTRE. [
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.
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Abstract

The major reason why cancer Kkills is its metastatic potentials. Metastasis is an extremely complex three-dimensional
(3D) process. Currently, routine in vivo cancer research still experiences bottlenecks in observation and manipulation,
while in vitro research mainly stays in petri-dish levels that limit cell environment with two-dimensional confinements.
Therefore, it is in urgent needs to construct 3D in vitro models to deepen the studies in cancer invasion and metastasis.
However “how to carry out” is a big question that harasses scientists for decades. In this report, we will systematically
discuss several popular technologies for 3D microfabrication and their applications in bio and cancer research. Besides,
we will demonstrate our efforts to construct an all-in-one 3D micro ecology simulation system (3D MESS) which highly
integrates a UV bio-compatible hydrogel printer, a light-sheet imaging system, and a nano pipette operation system.
This novel system will create a brand-new method to fabricate, observe and controls the 3D structures and the cells
inside. We believe that these advanced technology and ambitions will definitely update the current cancer research

methods and bring promising hopes for future deeper understandings and more efficient treatment of cancer.

Keywords: three-dimensional micro/nano fabrication, cancer, cancer biophysics, in vivo microenviron-

ment
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