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Establishment of in vitro 3-Dimensional Tumor Model for Evaluation of
Anticancer Activity Against Human Solid Tumors

Sang-Hak Lee, Joo-Ho Lee and Hyo-Jeong Kuh'

Catholic Research Institutes of Medical Science, The Catholic Univ. of Korea, Seoul
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ABSTRACT -For the efficient determination of activity against solid tumors, an in vitro tumor model that resembles the
condition of in vive solid tumors, is required. The purpose of this study was to establish a rapid culture method and viability
assay for an in vitro 3-dimensional tumor model, multicellular spheroid (MCS). Among 12 human cancer cell lines, a few
cell lines including DLD-1 (human colorectal carcinoma cells) formed fully compact MCS which was adequate for in vitro
viability assay. DLD-1 MCS showed steady growth reaching 700 um diameter after 11 day culture. DLD-1 celis grown as
MCS showed significant increase in G¢/G, phase compared to the monolayer cells (73.9% vs 45.7%), but necrotic regions
or apoptotic cells were not observed. The cells cultured as MCS showed resistance to 5-FU (10.3 fold higher ICso) compared
to monolayers, however, tirapazamine (a hypotoxin) showed similar activity in both culture systems. In summary, MCS may
be a valid in vitro model for activity screening of anticancer agents against human solid tumors and also exploitable for
studying molecular markers of drug resistance in human solid tumors.
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BlgetA] RalmE el fET AGFREZ Y B
T AdsA gt 23 ge] A 54 AL + 2
in vitro TR ZEY AFA 2 THE A (multicellutar
spheroid, MCS)7} Sutherlandol] ¢J3] 1970 Ao A7
HAILD o]F He ArAEd o3 o g8 uig 7
A9l Aol BiEo] girp
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AR MCSE ©183P7] 13l 96-well plateolA] A&
W 2 A% PAEY UL FEA s A
7R AR PAEFE] MCSE S FAERL v
HER, QA AFAAMEF]] DLD-19) MCSE ©]8-3l
MCSel e B 4354E B3It o] DLD-12] MCS
o)A} 5-fluorouracil(5-FU)} tirapazamine® J5HEHE =
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AL &% AYAZEA MCSY 4348 F7Heh

=

e

AE 9y

AloF & T2

5-Fluorouracil(5-FU)2 Sigma Chemical(St. Louis, MO,
USAPIXN 43193, tirapazamine(TPZ)S  Sanofi-Synthe-
rabo(Malvern, PA, USA)IA A&k}, 5-FUS TPZE
DMSOE ©]&-3l 83|X715, MEujJulix]E o83l &
3] 31438l AME31U T} Seaplaque agarose™= Cambrex
Bio Science(Rockland, ME, USAKIA FYsiHom, AE
uj ol AMEEl A]2k& Gibco BRL(Rockville, MD, USA)®]l
A FY3A . Methanethiosulfonate(MTS)= Promega(San
Luis Obispo, CA, USA)ZHE YA, 7|e} AJfe
Sigma Chemical(St. Louis, MO, USA)IA 7%3te] AM&
3t

MIZF2} ChEMIE ljek

UA B AAEFH G MESF A549, PC-14= American
Type Culture Collection(ATCC, Manassas, VA, USA)olA]
ooy, ol oS RUAEF A431, QA ARG EF
DLD-1, Q1A S 4UAIEF MCF-7, Q14 9 EF SNU-
216, SNU-484, SNU-601 % AGS+ Korean Cell Line
Bank(KCLB, Seoul, Korea)ollX] Eebilt} Q1A F745-0kA)
X232 PCI-1, PCI-13, PCI-502 M-gtislw HBE w25
o ZHE Bk Wit} AS49, A431, PCI-1, PCI-13, PCI-50
MEF= 10% FBS, penicillin(100 unit/ml), streptomycin
(100 mg/ml)°] -5 DMEM®] wj<¥st3lar, PC-14, DLD-
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1, MCE-7, SNU-216, SNU-484, SNU-601 ¥ AGS= 7+
£ %22l RPMI164022 Higslsitt. w71l 5% CO,
9} 95% 7S FFSINAL, 37°Ce) =9 95%<] F%rt
FAHEE 3.

CIMIZ AR (Multicellular spheroid, MCS) H{QF
TE

Liquid overlay & ©]83le MCSE FAsAth?
Seaplaque agarose® IZHE ulgre] Uzl FEQA 96-well
plated]] A ZE-5-N (single cell suspensionyS HE31S 3}
F B¢ ixE &, S gHEE plaeE wukE] FHA
F3lATh. FUsRs AMESFE 0.1 miwelle] ¥l 10,000
NE A3t wigy 3UFE FA= 50 plwelld WA E
T3 FHA MCS7F A FHE dvld stollA of
o gt

MCSe ¥ FelE #F37] $3l scanning electron
microscopy(SEM)y& o}-&-31ith. 7Hefs] Mwsid, 1% glu-
taraldehyde-1% paraformaldehyde®](PBS, pH 7.2)°l %€
MCSE 117} 59 A28}, 1% osmium tetraoxide(PBS,
pH 7.2 1X17} B¢t F83AT o & oE&3 oMHE
o7 g3k o, tHA] isoamylacetate® X[ &3}, UAH
Az7|2 AzsI(Y. AZF MCSE gold coatingdt Tha-
JSM-5410 LV(Jeol, Japan)Z #2313t}

MCS9 ¢ #ES YAl semithin sectiond A
o] AR o831tk 24713 semithin sectionS 71 ¢
sl SEMe] AlEAeEdx e} e IR EFIAlE
A%l oS-, Epon 812 Ermislith. Erjd MCSe] HH(2
umye 4L F, toluidine blueZ HA3t Fstn] 4o 2
FEEA). gl 2o AEE Az 98] MCSE 4%
Yo Z 310 4°CalM AT ZETHE AA
313 QIAIHEN O T A S o JdEbEE BFAIRTE o] F
xylene:paraffin(viv) EE] 504 F< WA &, paraffin® =
gl 5um FAE ddslo] FHE L] hematoxylin}
eosin G4 3Tt

CHHIZE Fake] 88 % MEFI| EX §F

Wi E 9] A& methanethiosulfonate(MTS) assayS
ol&3te] 23Tt MCSE agarose’} ZEEo] AUA &
< 8712 AT H, A A 100 plwellsk MTS 20
wiwells A7Fsle] 4A17F B2 A A2 F, oF 32 §
ot wHksl] FYd3 vhedE 92 tfd, ELISAS ©|&3}
o 490 nmelM FBEE SHFACh
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FRz] QiAo R AFHE T, wypsin-EDTA(0.25%
wivyg A7¥sl] A5 Adollx IXZE Bt WRsAT). ol F
trypsin-EDTAZ A|ASIL vg7lollA 5% F<t Alsh] &
AEFgaor vk= & 709 AE-SZ THI F 2 A
7B =20°C W§Ea10M Basisitt. 24 3 AlE Sl
2oz A3 the, 50 ug/mi2] RNase At 50 ug/ml
] propidium iodideZ H7Fsled 37°CoM 208 B9t wRSA)
Zl &, FACScan™(Becton & Dickinson Immunocytometry
System, San Jose, CAYS ]88t EA31%, AL
Modfit®(Verity, Topsham, ME, USA)S- o}&-31]t}.
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F5 k= A7) OHE A A SR CdM e Y
3k S o) 831t} BRI (1500 cellsiwell) = MCSE
5-FU = TPZd 96A17F 5 =% A2l & MITS assayS
g3t AEAEEEq. 1) Enw 29 (Eq. 2)S ©]&3}
o ICsp, AHLE T9] Fu|HE AEsisith

% Survival = (mean absorbance of treated cells)>< 100
mean absorbance of control cells
(Eq. 1)

% Survival = (100—R)><(1_ﬂ——)+1e (Eq. 2)

Kp+[D]"
AA710A [DlIe e FE, K=
sle o=

R& A3HL-E(residual unaffected fraction, the resistance
fraction)©| T}

EFdwolA 50%L] A

FE(e. ICsy), m Hill-type coefficient,

B

2

CHHIE Fak el =8

79 &< ke MCsel FElE FeEndS SEME ©f
f3l] A 5190 Wl A431, PCL1, DLD-1, SNU-484+
AL E Felo] MCSE /45l (Table I, Figure 1), 2 €]
A549, PC-14, PCI-13, PCI-50, MCF-7, SNU-216, SNU-
601, AGS= AZh4] &2 SP=S P FE4e
2 AL Felo] MCSE Ak AL #Ed + Ao
(Table I).

DLD-1 CHMZE TaH e d&
AW Fejo] MCSE FA3 Wl 7 AEFE FollA
DLD-1& Adeste] 74 et w3t & SEMS ©]8-s}o

HYEY =S AHRY, semithin sectiond o2t Evf A

Table I- Three-Dimensional Growth Characteristics of Several
Human Cancer

Cell line A "
re
Origin Name geregation
A549 Ac\us&er
Lung PC‘ 14 Aloose
Breast MCE-7 Spartiy
Vulva A431 St
PCI-1 Stn
Head & Neck PCI-13 Spartly
P CI-SO partly
Colon DLD-1 St
SNU-484 St
. SNU—2 1 6 A\oose
Gastric SNU-601 Avcose
AGS A]oosc

Ao, aggregate of cells loosely attached to each others; Acugen
aggregate containing a fraction of clustered cells; Sy, partly compact
spheroid; Sg,y, fully compact spheroid.

Figure 1-Phase contrast micrographs of multicellular spheroids
formed with several human cancer cell lines. Each spheroid was
grown for 7 days using the liquid-overlay technique (bar=200 pm).
(A) SNU-484 (525 um), (B) DLD-1 (579 pm), (C) PCI-1 (475 um)
and (D) A431 (592 pm).

AL olgale] WS #asle] Hmokth FAAE FAE
MCS Ao AxM daaiA 2FE Jes Basielon
(Figure 2A), SA5)4E ZAKnecrosis)7t HEHA] 434t}
(Figure 2B, 2C). DLD-1 MCS¥ 1197bA] wFste] oF
700 ume] I71E VL F Ao, A v W A2
4= 23%Z0|9th. DLD-1 MCS9] AA&Es vl 74714
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Figure 2-Morphology of multicellular spheroids of DLD-1 human
colon cancer cell lines grown for 7 days. A) Scanning electron mi-
crographs, B) Semithin section (a) Peripheral region of MCS (b)
center of MCS and C) H&E stained paraffin embedded sections.
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Figure 3—A representative growth curve of multicellular spheroids
of DLD-1 cells. The growth of MCS of DLD-1 cells was de-
termined using MTS assay over 11 days after plating.

oF 4399 ty(doubling timeys YERHA O, o]Fol= A
o] 718717t 3Ee Aoz B AtHFigure 3).

CIMZ Fakxe] MESFI| B2
DLD-1 N Z&
& NY7HA AAEE a2 Hl L5
MCSE 431N GyG©l —~7}<>W S adshe A%
HERATE A5 Z471e e DdEuld 2 AEY A
(day 0) AMEF7] BIE GyG©] 45.7%, S 36.3%, Gy
2 18.0%C1 2, Bl 19 Wil F431A4 GyGel £7}F
alod 73.9%90 ©]23 0w, o] % Bl 11Y7IR] Al1YelA 9]
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Figure 4-The cell cycle distribution of DLD-1 cells grown as MCS.
Cell cycle distribution was determined by using flow cytometry.
(@; Gy/G, phase, O; S phase, ll; GyM phase)
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NEFINEEE F 28 5 A H(Figure 4).
5-FU ¥ TPZe| &=
DLD-1¢] ©ZAE ikt MCS viellA 5-FUst TPZ
=2 E9s 2431act. DLD-1 AEE 5-FUdl 964
=Z2AIAL W 10uM o] FEAIME AEE0|
A5 e AdHEgo] T /A widEH A 2 A
HE], MCS Bl 48.5%= BEE o] T vk
A€ 162%ET} 38 T 10 ©EAE vz} MCS
vjokoll X Zbzb 2.1 uM, 21.6 yME AXFE o ZHA, 5-FUl
tiaiA MCS BIAIE7}Y oF 10308 Hxe] WS vehligd
U(Figure 5.A).

TPz} 7o) olME 5-FUshks e AgE-go] 79
FEEH) AITHASAHE v} MCS gl ZF2t 3.7%
9} 0.0%). ICs> TSAHE kst MCSellA ZHE 48.0 uM,
62.6 UMEX], DLD-1 Al Ex= MCSZ Hl% A TPZel i)
oF 138 H=o WAHS e ZoE AFHAH(Figure
5.B).
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Figure 5-Dose-response curves of 5-FU (A) and TPZ (B) in DLD-
1 cells grown as monolayer (O) and MCS (@). Cells were exposed
for 96 hr and viability was determined immediately after the drug
exposure.

D). AEZF] wEhs MCSE BAshe 589 2olg Ko
= A dEslel, AgEo] o M $HE e ¥
Aoz XUsk Feje) MCSE ANshs NEFENME
oFgl 4=0] B]H<) o) oM E 1 Felrt FA A
AE AE B 7 U o) Hiks Axe AE T
AZ} AEZ)71-7be] ATkl AHF o AHF RS
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o] A ABEo] 9lom, 53] AEHZR(cell adhesion
molecule, CAM)S°] MEe] Ax19x 7z Az g3
o7 o] ggo] HuEaL Yok AUsH] gke MCS
£ FHohke AZEFSNME Az Agont 354 &
HE SH3] Hotd B JAgollx] AREEE 2] 71x) Y
=< A8 B2 ofEige] o, E3] MTS assay

MM agarose7t FHH YA B VIR §AFE A
AN FUA A7le] AE FHES BS F 7] Wil

A (Figure 2A), semithin section®} H&E ¢S E3)
GZAE wiAIE B S2HEHY MEEc] X3t
MCSE ¥4d3te 2E H&T 5 UTh(Figure 2B, 20).
AZ7 ] HEFo| #HI3= tight junction®]Y} desmosome
T gap junction M| AAEAE FREPAH| 7|oE
gt ohe}, adAle tisiA] WS fiddke shue] ale
2 gEA Ak A ALAETQ SNU-484E MCSE
vjekste] 1 ©AS Aze A3 dSAE ekl o]
A (spindle) Fefoh=s SHIZ 9& (round)?] A|EE0] XY
g Feje] MCSE dAshe AL 81T + Usler, TEM
£ %3+ B2 tight junction® desmosome S-& 3Holdh
T UAATHA= BIAA).

DLD-19] MCSE °l&3dl A7 S4L& duE Axs
GSAZ vjtA A E W
o, e Aol wet X455
ol& MCS®| Z7|¥st 24 ZFM® & 5 AATHA=
BlAAD. MCSS] Ad7doll thst =83 =<l Exponential-
Gompertzian Tumor Growth ModellXl= 21 7}#] A
EFE A wigt MCS wileF 28] 3 Ao 9] A
A& 7hz} v, AW AE MCSe] A &
Aol - fAsIE o, BEAE s golr = o5 3%
EQE d2re Ag HAFnpY

MCSE wWigFalals 45 G 7719 AEige] 24 5
7¥et3 =t (Figure 4), 1= MCS¢] WEel &8l A=A
X (quiescent cellyEe} &4 wEo]™H, cyclin-dependent kinase
inhibitor] p27*F' WA e] st o] AfEle] Sle Ao
AE A UTEID 2bAe)} Pk HEHo R Qlsled MEF
719] GllA 7ol 7HaElo] = AXAES] ZH9oll= At
A9} JEE] FFo) FES FHOE vA HH AE
F717F d2siA FalEm Mz 47 3t 3EFA "
L9 olggl GA|M L] EAle AW xFe] Ao,
A B AR X8 gk W] ol R dEiA )
oug olyg A SAL FX3hs MCS MiYAE o
g3fo] A= AT Y S840 A FEY HeE
Az Tt

& AA 5-FUE 96A7F F<F AE8kE 74 DLD-
1 AZ7F MCS s AN ©EA| 3 v goll 2o} 10u]) ©)
el WAS veRfl= Aoz A th(Figure 5.A). 5-FU
of thgl xyete] Ui aclo@ME ERAl &4 (Thymidylate
synthase)®] &, oFE2] E/93le} thAKDihydropyrimidine
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dehydrogenase, Thymidine phosphorylase, Thymidine kinase)
3 oFEade] AsfEet ohiel DNA £/48-7(hMLH1), Al
EF7) 28 P53, p2l, cyclin E, cyclin D) ¥ AZAPE
(Bcl-2, Bel-Xl1, Bax, Death receptor)el]l #EE <lxE9] ¥
spF BAES ek old) v gAlE U aleme
HwA A2 fro] =io] AR, MES} AlX B
AZe} ECMe] HEe] w2 AXE Y integrin =+ E-
cadherin®] & F7120 p27%Pl 2 HSP27 Wiz o] wy
%7}, topoisomerase M) ¥ ZH4A, NAD(P)H, quinone
acceptor oxidoreductase®] W F7F T& A oigt
A& ATIE AlE HaEy Stk weia] o)
AT EFsle] SSAE wigAILE MCS B ellr %
de] Aol Hole IAES Bt 5FUd tigh ohA
E WAL AE EE F A Flolth

TPZE A8l A4 d=e BATAY
(bioreductive) 3FUA|S] YUFo|T} 2B Qb oa] HAh=A
B} vhe AbaEQte] RAEHA o]#fdt ok gl ol
A Wrlgo] Holom, AErt W A9 AAEY &
ZA (hypoxia tumory AT X|Ee} A ZE=A]3IUA 0l Y
4 UERZ] sl 2 §-8430 digk 7|tz AR Q)
ok HlEARA e A4 ERAEE 025 mme] Ro2 g
A Jorma® B Agol MCSE MY 72(570 um) FEH
B TS A AlEge® FAE B Azter
YEHWES TPZ AF7} AlgH ez Rt gorna
TPZe] ¥22 fEFes ¥e 302 7= ALtk
EollM TpPze] M EEG0] dsElo] AxHoz dEAx
v FA A o} FARE S5 asyt BEE Aog Aztdn
(Figure 5.B).
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AFolM e 2P Fag A3 REF S 9
gt AAAEA MCS WiSAE T3 96-well plateZ
o] &3t A&t Bpuo] sHEstEE dlyon, T3
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6
MTSHE A &sle] DEslE o] £ BI2AWS

=
)

N AlEF7 AAReE XUst Felo] MCSE I431%
o} DLD-1 MCS= 11¢ Hl¥A] 700 ume] 271744 A%+
siRon, SSAE wigst vwsl MEF7)9) GyGel &
AsHAl S7IBI W, AL B N ZEAPE S BEER] 9449
th. MCSZ %€ DLD-1 Al¥& 93 vjdAIS} vlwsle]
5-FUell tisia] 108 o)) &8 WS vehiey, tira-
pazamine®l] WA= FAREE 7438 B o)Ak 4y
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AHREE EFsle] MCSE YA A8 2544
ABA §-88 B ole}, 1 Y] A FAA Wl
T o]go] 758 Ao = ALFEHT}

ZAtel 2

B A3e BABAR BAYET|eTAYEY] ALEA
W3 02-PI2-PG1-CHI12-0002)7} #8}7]&% Ax= A7
Z - A7|AIZARI L] AL EAME M20242040002-04A0904-
00210)0 & AF=en oo} A=Y T}
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