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A Microfluidic 3D Cell Spheroid Co-culture
Technique for Tumor Angiogenesis Testing
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In-vitro tumor angiogenesis models can be used for studying the mechanisms of tumor
angiogenesis and testing anti-tumor-angiogenesis drugs. Co-culturing of embryoid bodies (EBs)
and tumor spheroids (TSs) allow mimicking tumor angiogenesis in-vitro. Here, we report a
microfluidic hanging drop-based spheroid co-culture device (u-CCD) that permits the generation
and co-culturing of EBs and TSs using a simple manual operation procedure and setup. In brief,
uniform-sized EBs and TSs can be generated on the device in eight pairs of hanging droplets from
adjacent microfluidic channels, followed by the confrontation of EB and TS pairs by merging the
droplet pairs to culture the EB-TS spheroids to investigate tumor induced angiogenic sprouting. The
physical parameters of the device were optimized to maintain the long-term stability of hanging
droplets for up to ten days. Mouse embryonic stem cell line ES-D3, and breast cancer cell lines
MDA-MB-231 and MCF-7 cells were used to generate EBs, invasive TSs, and non-invasive TSs
respectively. The confocal imaging results showed that the vessel percentage area and total vessel
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length which are linked to tumor-angiogenesis, all increased after 6-days of co-culturing. An anti-
angiogenesis drug testing on the co-cultured EB-TS spheroids was also demonstrated in the device.
The above results show that the 4-CCD can provide a simple yet high-efficiency method to generate
and co-culture cell spheroids may also be useful for other applications involving spheroid co-
culturing.
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endothelial cell, HUVEC) FIIERIAHIEER B AT AS B SME R R B AL - DU & U PIE
96 FUIMERAIATRIERVERE » AT AR H o 28 = ek g il A BR AR AU Ik P B i DABIT 7 i
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1. R &R FEE T EARE

RS E 2 SOLIDWORKS WS TaRETHY « #22 FRA HE IS EHE (computer
numerical control, CNC) #EH|#25 (Modela MDX-40 3-D, Roland DG Corporation * HA) &
1.2 mm ~ 2.0 mm 1 1.5 mm EERER M (polystyrene, PS) Frkfkl » DU B #ERE 2
KN o BB FRHE N LRYE R 28 A EE I E S U)EEE (Flux Inc. - 2i8) YJEHYEEH
BAETRN G - DU Rids rEEE o N T B F R H E WA B (polymethyl
methacrylate, PMMA) Z8E 758 o " HEMYELE (polydimethylsiloxane, PDMS) ZEE R 2%
B PDMS B RELZBEIRNE S (LB 10 10 TR AR EAS AR R 580 kPa®)
HIZE R SU-8 FEfffsisk B fig
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2. EZEAEN

FAHET-F Pluronic FEHLENY PS MR R EFE/K M A M & - DURE 1-CCD 48 &
VR T R el - R DO A FUEST - BT EHEMEIREEIKME: - JK 10 w £
B+ (deionized, DI) ZKEEIZRME - - AR HMEEIEERISE (Nikon SMZ 1500 * Nikon Inc. * H
) G - SRMESH =SS - FrEllES— =0T - SRERENREEE - &
Bk T2 EH WA E AN [EE Y VR » &t B Image-J #R RS AME S EH SRR AR 55
HredifF: (Stalder » 2005) ZKETHE AR 1-CCD WHHEHIEEfEF

3. MR

e E MR E/ NE R IEE I (mouse embryonic stem cell, mESC (ES-D3 #fifd,
CRC » Z#)) + AJE MDA-MB-231 1 MCF-7 FLIg#MHI (28 A Y& E I EE R 72 F0s
(Bioresource Collection and Research Center, BCRC, Taiwan) - mESC Z1E&H 15% (v/v) I&
A (FBS) (SH30070 » Thermo HyClone * MA » USA) ~ 1% (v/v) JELEEEEEE (Gibeo
Invitrogen Co., MA, USA) ~ 1% (v/v) L-ZklfE% % (Gibco Invitrogen) * 0.1 mM 2-$i% Zf
(Gibco Invitrogen) * 1 2,000 U/ml ESGRO (ESG1107 » Minipore * 35[]) £ DMEM £5&
th S/ N BE M HEAT I A ZE R _EAE 37 °C ~ 5% CO, WUNMRES B Ay s bR s - A
MDA-MB-231 1 MCE-7 fllfitE &% 10% (v/v) FBS (Millipore) * 5% CO, i) DMEM &5
IR 37 °C £5% - EAlRER] 80% HEERHETHIEMHEN - RMEHBIREER/ IV (Gibeo
Invitrogen) fEKFREEHT ES A B EFF 2 89/ B FE A8 AL RRAH A 22 i o B - AR
TrypLE (Gibco Invitrogen) i ES #H i pi BRI B Al i RO E A« TEFTE B
ZH B 1u-CCD #EE DL Pluronic™ F-127 BEHH 24 /NI » AREGSEITEEIMBIEST - 214K
s EA 37 °C BRI MR DMERF R FIKME - MDA-MB-231 1 MCF-7 #ii2 6 FH 0.2%
EEHET ~ 0.05% EDTA (Gibco Invitrogen) sRAETTHHAMERE » FREFREH 0.05% HEHH
HEZ IR (IR R 3 X 10° cell/ml) ZRVE AR BEEE T - 185k Fr IS B ISR
KEHR— KA =R -

4. JEEEER L ARMIRRAE

WMEEHEEHE 10 uM EIHMBGEHEGYE CMFDA (Molecular Probes * £E]) HY DMEM
{Eas B IERATIEER T 60 /i et » RS EREBRIUE 3 K - CRBEREHA -
Z 1% P {# FH Nikon Eclipse Ti-2 #I37 #EEAHER (Nikon, Japan) AC#H 2 [l AHEK -

5. ZHHIE

Sunitinib 2 —H FDA #ZAERYPTIIE B A& ZEY) - FoMELHE AR —HELE (dimethyl
sulfoxide, DMSO) FEE 1% 5 uM ~ 10 uM 1 50 uM ] Sunitinib AR » I B EEEFAE —20
°C UKFEHR o TR R E B Z AT - RFFTRE R 2 AR R SRR INE] DMEM 5% 2% B ok UE i f A%
RER 0.5 uM ~ 1 uM H1 5 uM HYEEERSE R « NamsEVIRE R - A S8R
DMSO TR 0.01% (v/v) » FrEEESCHIR ERE SEHIEERE 4 XS EYnREE
FEA p-CCD B - AREBEEILETR 6 K - ZIRIEHE 7 KMEE 10 RUTHEERESET LB EE
GGG IME A+ DURFIF PG 5628155347 CD31 £ -
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6. HETEERENER AR Z MR £ 4

BT FH& EB il EB@TS BkEgHHHIINE ERAEE - EB fl EB@TS BREEEE 7 RAIE 10
KEHE 96 FLEEAN u-CCD SEE Hl 8 AR HYEFT SRiE s et » u-CCD 5B Ik ag I e 2
FERE R 1 X PBS AR A, o SR VR R R S A RS =ML o BE AR RS RS (B
FH 1000 wl F W3R EH) /IO URERERES - AR B E MY | X PBS AR 15 mL & H
DR ERR BB - BTN REHEE 4% (w/iv) 2% HEE (paraformaldehyde, PFA) HJ 1 X PBS &
TORERES 30 EFEEE - ZREFHEFBIFLE 1 XPBST (0.1% (v/v) Tween20) A
R DUR B 3 R DAZEBRPFA - FAMBER 0.5% (v/v) Triton X-100 (£ 1XPBS 1) 1Tl E
SEEL - A HAEZ BB PBST YA UEAINE 3 XD REE O R ey S - B TGk
TERFRMERS G - RPTREEREEERTRIEIN S 5% (w/v) BSARY PBS yATRH - R H IR B AE
4 °C VkF8 - CD31 EEREPTHE (ab222783 » Abcam » EH) EEH{ES 0.05% (v/v) Triton X100
1 5% BSA 2 PBS V&AW1 - SRILEAERBEAE 4 °C SEITIREAIER - ZRIGH &S 2 AR
1 XPBST B » {EFIR ELL 40 rpm YRR 30 s $EDAEET B R TP FR A - Bk EE
FHIEHEREZ 11200 (v/v) H — 5T Alexa Fluor® 647 (ab150075, Abcam, USA) * FIFEEERE
1 1500 (v/v) FLBIE (B8 U AZ R S Yekl Hoechst ZIATR » FHEFR DL 40 rpm HYSREE =R
RIS 5 /N TR DL 1 X PBST WA DR IRATIIEER S 3 K - R ERIEERARIL | XPBS
BIRHPTE 4 °C BEHHEBERESRT o L0 E SRR Z Al M 60 R e IR Bk
BIINEESE 35 2EXEEFIEEAMEREEIL L (a-plus - Z8) - ElEER DL 2 0 ZEEH)
Fluoromont™ [&7E & (Sigma » fHE]) &R ERMIEES N BRI -

7. HETERR R ARG AT

HAME A SPS-I1 HAHAY Leica FLfiifEfmfligeErT TN G - SEARA 20X #Y)
#% (HC PL APO20X/0.70 PH2) F1 40X JHi#% (HCX PL APO 40X/1.25 PH3) i TR FAN - 7E4
FeHEGT 5 B IR T M 1 mW HeNe 492 nm I R S I8 5-E AR
F# T ZBAFE (CMFDA) ZCERS! - I EE RN AR 405 nm W ROGETTIHEE 3 I B
Z Hoechst #7658t - DL A 10 mW HeNe 5 5HY 650 nmiE B 3% Alexa Fluor® 647 &
KBRS o BEMEE I ~ SR AISTLER E T B Ry 536—743 V ~ 24% F1 1.00 Au © F | € &5F
fili 2B BB E e r& T AE AN RS » A6 FHEHE AT ES AngioTool 2R MV #HEA& EIME ~ [l
BRE  EBEEMZEMEE o B HIER 0 S TR S ETIE R - IEEEH A Hessian HY
AR ST IS B 2 &

8. #Et At

FrE ST ERED 4 TBILEBIS AR - LA FHER 2285 (one-way
ANOVA) FlEE a8 BB 317 (Tukey) & DL FABC % LBk - B A 2 88 By Origin Pro
(OriginLab » EE) - #{EATZLIFI(E (mean) + fEUEZE (standard deviation) 2 ST 2 © 77
Wt REEMETE L2 - ZLlp <=0.05 ZKAIE -
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1. B 2B ET B IRAE

bt Fr B R E AR il - SEMTCERES A/ (ER L - BES @i (E
BACIGEEE - fEMEFER T - &8 —EHE - FIDUEEIN AR E E 5 2 Rt T
W L JEL L HE T R B — (83 VAL » 3 [ AR o B i A I o R A B Bk O LR T
PRV el Y JES B8 T2 RS (I R R A ) B P el - IR 1 P - e RS B 6 E (u-CCD)
B EAMEEEN—EE G /KESEY PS EAAMEEMK - AE 1) Fir - 8@
o EE 8 EETZAL AT AR (BB MRER » N AZ G0 (RFEAEE R £ —E)
HIFE 8 (EHIERINEETZAL - fESERIAERE TR - 2K PS EHIEIFRES I I I E -
By TR RS A RS SRR E TR Y7 EE 0 u-CCD BIERE (HIEIH S 10 ml 1xPBS MY
100 mm HHAEESZL (Gene DireX™ Inc. » 35E) 47 o FMEEINEE T —(# PMMA $EE 742
1 u-CCD ZEE DAFA IR B RS ZE ML PBS VAWK (B 1(c)) o MLANR THRMth{E L2
FEIZRIN PDMS & (12X 18X 3 mm) ZKEGH u-CCD ZEE A PMMA 48 (20 X80 X3 mm) 2
IRIER ] - DR S B AR g g -

(a) Culture medium
inlet hole
for confrontation

Cell culture medium
Inlet holes =

Assembly

guide 25mm  0.25mm

u-CCD Humidity chamber
mESC channel Cancer channel

stand
1XPBS ==t

1. u-CCD # B 2 23t ° (a) 4RI E (b) & AE X EAE SR E » (c)u-CCD % & 4
ZAMRIEE B NZARE 0 AR (d) L EIHAKE -
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Change cell seeding -
medium .:.'.:.:
- - - .
v L -
v
Day 3 @ & v
Day 3 Add Matrigel

(©)
Day 4 Day 4
il mediom

medium

Day 4
Add medlum
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KERFHMIkEEHIZE
Ry T BEINTRAE SR FR T AR 1 LS A B B B AE T 2 R (E - BB E R
fii T EEAEE B T-F Pluronic 1A IREEE % » KSR PS MR REFEHEF R/ KEBAAE
AT DB E BUHERF(E 20 £ 3° T RZA - EEWRIES TR ERD I 2 HRrrRE =B
2 AT o 56 2 X 10* #HE / ml Y2 embryonic stem cell (ESC) #HfSRIF T A u-CCD

LRI B TUOE (B 2(a) W - 206 2(b) Fr - EEARMIERIFRZ & - HEEER
B 15 s n] DRI 28 R HERE - Z&RFASERE 3 RERER

DU 2 2B BRAIAIRE - 76 ESC Al EEE S B R 2% (BLIF ESC #fEE. AR
EB) * 1% 3 X 10° il / ml JEEE AR AR R ASS E R i RS 2 e - B i
FEEE BB R DA AUIE R ER (tumor spheroid, TS) o Z & WAFEF BT RS EZWFE A& BF
i B R A I RS B U E A A S B OB R GH R B VERER & 0F - 2R/ ¥ EB 1 TS #H#E
BREG ROV R Bl DUE TR A8 EB Bl TS BREGILESE -

\

Stem cell

Cancer cell Day 0 After 15 min
channel

channel (b) ! i
mESC seeding channel washing

Day 0 B A
u:::o: °
. %
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J

After 15 min

cancer channe I Withdraw

medium

‘-r'
T
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K
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Pipette
medium
in u-CCD

= A

& 2. u-CCD %E#ﬂ’?‘)‘%ﬂ‘ LR o (a) 22 E (b) KEFRMAE ) KEX=Z4HTTH -

FRFAR D BIEANFITLER R RS &R EB B TS it iR ERIP ey B M e Al
HE— B WFTHEE A S OFE AL ] g R R (8RR R - EAEREIRE
TR — {8 R ST RN - 2% EB B TS BRESRLE IR 2 ILHT P A R BN - M52
A A R RN ZE BRI A G PR E AR R W0 & O AT 2 2R R — (B R R A A B A R
(A& 3 FrR)
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Before confrontation b1
:

Reservair

Rim structure
3AEANLEEF R RZEERIVE P IRIASHZRETHRELER - (2)-(b) BPRFALR
S ARTZ AR A EAFRRB R 0 (¢)-(d) B T IRE SRR L SFRRE 0 (o) B
TR AT s A RIALIR R AR (D) BIAR BB K B8 & B R K B P R4S TR K -

4 Ty G OFRT LA G BHR AT [RIR FEDRR A fEi 2T RS - BURHIIRERTE MR G f 1R
&SV H g msg e i O AL B R szl - SRR RN 155 -

3. REANZHHREEREE 4 Rk

TEfL A EEAFTESE 2 EB M TS FEERESRLEEVY RAVEIE AR S(a) Fn - 552 EB Fit
I ERI4E ESC MIIRIFIIERE R 2 X 10* g / ml - WiksE TS A G2
By 3X10° #HME / ml o % ESC DL 2X10* #HME / ml EEREEVE AGER - 4 Image) fiiEst&
1FHIER N Z Wia IS E 191221 @ ([ 5(c)) - EMEEkET B2 ESC BlGH &
52 R Bt - BEREFEBRT AR R ESC Ml AR ER 160+ 13 um #Y EB - HAITE
EB VYK (BLBF TS BEEWK) #RAEHETT EB F1 TS Mk HEH5# - ILHF EB » MCF-7
MDA-MB-231 #Hft Bk r B85 HEy 272 +£26 um ~ 440+20 pum FI 285+23 um - {EBHLAES
# ESC * MCF-7 FEAIEEI /) EB A TS HI B EE S Ryl E b - EB 1 MCF-7 Bk
BRI R STEMGERE BT N o SR B HIER] 466 £43 pum A1 730+27 um ° TI{E ESC
Bil MDA-MB-231 #EfHlEdLE2E 1S » MDA-MB-231 BREEERAESE 7 KA 10 RIS HE
353420 um A1 317430 um °

4. I E = YA

fE5RF EB B TS SR A] UG FIEREHINEER TS ARYIE(L (AT 6(a) T 6(b) FT7R) °
FEINAZED B Bl E - MERESS 7 KA DU LI E W s A2 5k (B 6(c)) @ (B1E
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4. PR IR S BAZZ BAMIB R o () IBAHEAT » (b) FIEA200 ul by 354 A &4 IFLE BT
T k0 SR ORI R AR E T AT SIEE 0 (0)-(d)-(e)-(f) FiEAN
450 ul 649 3% ik A A AL BT ik 09 I IR RN R K 0 W B & IR T A 15 4 6 B M)
PR RATSLE () BRWEEEBZ RHE@IBIR » (g) G AR S LSRR BT
HA Yy R 69 EB o MCF-7 % p& b8 TS fa a3k (BB H F A 4k & 4% k69 & MCF-7 fafif)

510 K] DB B MRS =B (B 6(d) - BLAh - aliE 6(d) FIE 6(e)-(i) A - FEAG T
PUMEERREEY) 10 K2 [EREREEZ 2Rt RIRE - BT 8 LArd s ME ML -
96 FH 0 £ B AR PR Sk TRITC (RLER) SRR CD31 BUffifa sk E T s e &
ST e FEREEE - JERERE 2 A RN R EAIMNE F 4 T EE A E B 10 XERTHY
o HEBRTFEYERERE S - FTAERZERRE  MEREE « 85 o mEmfEf
B SRR 7 KA 10 KEFT N (E 6(e)-(h)) °

I - #5Em

=AERTAER S B R M RE R A R A BR B O AP T B Sy Bl A B AR AU 2R R B
2 o HET=HEAIM Rk 2 SR B THREAE 96 FUBRBURENR T M THIS E KR - AR\ THIE
R EISIMNUEEE - @R MERERL LA S el (5 & DU BB i A R -
b E S A R AR R T R B S = ME IR R I R AEE (u-CCD) - "I LUE: & 5
HIER(ED BR - SR PRI B I DA IR = e IR Bk 2 A A B R0 - BB FERESRER - A
p-CCD FGETTEE - rILUP AV ING S BT EEREE - 6 H 8 00 6 A (i R SR e R 8 5
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5. 1 ESC » MCF-7 #2 MDA-MB-231 %0 3% % 2 % = = 4 fn Jo, 3 B2 72 7 [5) B FE] 26 B 34
W FBAPPR R (a) ESC # A& EB #» MDA-MB-231 %3 jo % s 2 TS » (b) ESC # s % EB #»
MCF-7 @ ja# s 2 TS * (a)-(b) B& K F Z Ha ] R = 1000 um ° (c) 3¢ A2 i i JR 32 % A pk

= A 3RBYATEY ESC, MDA-MB-231 #» MCF-7 % fit, » B A P Z Hf] R =100 pm ©

Day 7 Day 7 300000
EB medium 1 BM sunitinib 250000 (€) = EB@TS (day7)
©
S 200000
3 150000
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3 100000 [
~ I
50000
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30000 1000
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20000 I
§ 15000 ) J
10000 I |
5000
0

6. 1& A EB f» MDA-MB-231 # s #9 TS B 4TRE 5 oo B A sROA R RIXERER © (a)
() EXEFHLR (b) (d) F+RAMNLREAMERBZIEL - (e)-() BMLERZ (6)
@A (D) F LR (2) wE B EA 0 (h) 25 LI o (i) IR
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2SN Wh oo N
[eNeoNeNoNoNeNe]
[eNsNeN-NeNeN-)
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=
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= = N N w
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—
I -
=
' .
—
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© © o o oo
o = N W 0 O
—
T— =
—
v
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FREHATE S TFERET Y R AT DU (LR (R I 52 = Bk s B F B ks
o T/ NEI IR (ES-D3) MIFLEREAIE (MDA-MB-231) Fri2 BCHIRERE GBS A
R ER B A AT I BS 2 - AWFFRIE R T ] DUFI 5 TE 2 B 3t 1 7 e g 1M1 A £E i A A Ho e
I A A= i % %/ﬁﬂuﬁZT T o It u-CCD SEE R T o] AR TERS S MNE R 35 S0 78 4= 52/
FERLSN - Al R EA AR BRI DU iES ) R L T =M sk i S e R E B
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