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tumor colony forming assay (TCFA) 2 & 3 Hlli@HIRZMERIE, BRICBU 2HBEDRB
AR ERT L L THEESNTETwE, L L, BIEEFHEES, BICBRECYL T TCFA i an=—
FoRkEE, T u=—RRSEVEDOEELS, EEALRALLTVRY, KR, REOBERCT
Pbh T3 Salmon & Hamburger DF¥kI2 & 2 TCFA 2*HWREL T, BRABICBEWTHHBETE 3 55k
HHTILEENE LR, FERBDHEIRZ TCFA OO0 faxlET 212h7:-T, BE2BERNICML
B CHBRZEREHAZL, Wo L ARBEELZTY 1~ 2 HRSZHEE L BRI EE L
#, assay WAV B AETH 2. BRE 15 EH, 23 &% AW T TCFA 2HfTL . RETHE, an=—
FERREE (M ED a0 =—BRERD L D) 71.4%, a0 =—FEEK (2 o=—3/EB8E L7 EEE
#X100%)0.0039£0.0025 LW b EFETH o7z, WREICL S &, 30 =—FEEEIL.3%, Ju=—
TEREE 0.0164£0.0121 & FERICELB L TEBC LR Uz, FRICRSZERERER (30 B LD 0 0 =—FH
RO D) IRIFED 26.6%» 5, BED B3R EEREEL o1, HBEIZ L5 ERMEO6ME, 5
2 HRE LeHEERZEHRBROBRIE, RECI3Zhel2E—BT230THo7 (9p<0.01) Z
Lk, BREOHBHRZEIRIIBL THRENERARFERE SRS Z L3R ENTE,

Key words osteosarcoma, tumor colony forming assay, chemosensitivity,
double soft agar, monolayer cultivation.

HIFEA 2 By TOEEERE, BHEEFCNT E
FEERO—BLLTTARELZ>TETR Y, EF
OFEFIBRZEZEBEORE L BRI, b2
1, A—REERGRERTEBCBNT, S5,
B—EETHRBIC L > TENFNERS Z L 3H%
COMEVIE D IHOI TR, —7, SRR
S5z B\t -oTwa Db, Thath
ZoTHEEOEBEEHEEL, BEER 2B T
BATEEME L WY, 2hb D 2 kid, BARMEROE
MEE, HCBABECBYTLRAKETHY, EEER
MR B R TE R L B A B LIz BATY
BT, B2 OB R b AR SRR 2 2/IRL,
EHREH e RED 2 Z L BEETH B,

S H & TIHEBREEEEY, MlabEesE,
BRI ERE, LEMH T 7 AP X~ 372
BAEEE 2 &% AU 7 SERUBZ R O OsRT
ENTELD, WIFnOFkL —R—E8HD, &
in vitro TORKE £ BRERZIR & 569 L b —8L 2w
% EQRMBEESD o7z,

Salmon & Hamburger'¥}3, — BEEEREHEZHE
f# L tumor colony forming assay (TCFA) #HiL
L, #EFICE 2 20 = —BRINGIREHET L 2L
WD, EHERIOTEBINE % in vitro TEHEL 72
RENBEZUHBROER LR & T 2 EFIOBKRIC
i, BOEENESASRE I LB EL, —HE
BE®WUB L Wkorz, Lal, TCFA ZARERE

Abbreviations: ACD, actinomycin D; ACR, aclarubicin; ADR, adriamycin ; CDDP, cis
platinum ; CMRL-1066, Connaught Medical Research Laboratory Media-1066; CPM, 4
hydroperoxy cyclophosphamide ; CXT, concentration-time product ; DEAE-dextran, diethyl-
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0T, I -—EHEREEROZh LB L TE

LI A S 1T 55 0190, BRI Mt H¥HS LURE
LLTRAAEBAE R TR Y, 22T, 238 IL.# %

WESEA 2 o ABBRERCBTLEET KBUCH L 72BN, 1983458 Bk D9 1 ERic Y
TCFA #8#, 20 =—TBREELED 3 FESRETIL BECBCTERERRES, 520 2MERRCHL
. TEMET o7 15 D, BRAETHS (£1). AR

Table 1. Clinical characteristics and data of TCFUs of osteosarcoma.

. Standard method Modified method

Age  Primary Sou%ce t P e(I;IOd No. of PE No. of

CmeSixt 'Se spedmen Clfire’ cobmey S cooniey Py
(mean) (mean)

1 17/f  tibia M 17 30.3 0.0061 46.3 0.0093
2 15/m tibia M 26 2.7 0.0005 40.3 0.0081
3-1 48/ f  tibia S - no growth not done
32 M 19 42.5 0.0085 74.2 0.0148
4-1 12/m  femur B 22 18.2 0.0036 151.2 0.0302
4-2 S 24 5.6 0.0011 31.3 0.0063
5 50/m pelvis B 9 35.5 0.0071 233.0 0.0467
6-1 21/m  tibia S 20 11.7 0.0023 42.0 0.0084
6-2 M 14 35.0 0.0070 130.9 0.0262
7-1 13/m  humerus B 22 20.1 0.0040 113.3 0.0227
7-2 S 20 31.4 0.0067 60.1 0.0120
7-1 7/f tibia B 20 1.5 0.0003 42.3 0.0085
8-2 S 24 15.4 0.0031 20.3 0.0041
9-111/m  femur B 18 3.8 0.0008 30.3 000064
9-2 S 21 4.5 0.0009 32.0 0.0064
10 8/m tibia B 22 19.0 0.0038 15.2 0.0030
11-1 23/m  tibia S 15 36.7 0.0078 108.0 0.0216
11-2 M 12 10.0 0.0020 165.0 0.0333
11-3 M 12 28.0 0.0056 65.4 0.0131
12 16/m tibia M 16 15.3 0.0031 190.0 0.0380
13 16/f tibia M 17 not done 90.5 0.0181
4 14/m femur S - no growth not done
15 38/m rib S 24 not done 25.5 0.0051
Mean+SD 18.7+ 4.4 19.3+12.8 0.0039%£0.0025 81.2+60.3 0.0164+0.0121

§ m, male; f, female.

t B, biopsy specimen: S, surgical material; M, metastatic material from lung.

* period of monolayer cultivation.

# 5x10s cells plated per dish.

% Plating efficiency, Number of colonies/number of nucleated cells plated x100%

aminoethyl-dextran; DTIC, dimethy! triazeno imidazole carbaxamide; EDTA, ethylene-
diaminetetraacetic acid ; FCS, fetal calf serum ; HI, heat-inactivated ; MTX, methotrexate ;
N/C, nuclear/cell ; PE, plating efficiency; PS, penicilline-streptomycin solution; RPMI-
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13, FEFEBOERME 6 Bk, FWAE 9 Bk, Mtk
BEME B TH S,
II. #FEHTEORIRE
F1fiH 5 IFERIC L DB SN/ EE R % Salmon
& Hamburger'” 85U #E5® O FEIZR-T,
McCoy’s5A wash iZ &2 D, TE BT T AP0 EE
Bz Ny 3 THIYIL 72, McCoy'sbA wash &, McCoy’
s5A 32#E¥E (Gibco) 500 ml o= ) >, APV T}
< 4 v (Penicillin/Streptomycin solution 10,000
units (PS, Gibco)) 5ml & heat-inactivated (HI) new
born calf serum (Gibco) 50 ml 2272 DTH 5.
Myl EEHEEERES 2 7 v (Hank’s
balanced salt solution (Gibco)+collagenase type 1
(Sigma) 0.2mg/ml, DNase I (Sigma) 0.2 mg/ml,
pronase (BHFHMEZE) 0.5 mg/ml) 7T 37°C, 30 53
B 7:%, McCoy’sSA wash 2T 1 [E¥RE L. &
B2, AFYVABAY Y2 (50 Ay ¥ a) THHEL,
LW E 25 7 — VERH THEEENCEEIL TED, H
BB R ER L. (1), 2O, 0.5% MY
Ry TN—REIC LD, FEEMREEREL L.
. BEEER~OBITE
RPMI-1640 33 (15%HI-fetal calf serum (FCS,
Gibco)+ 1 %PS) AT, HEHRILREROIRE &
e o 7z B HIAE plastic flask (Corning, # 25100) B
THBEEHE T, HEROTHUIERRME 2~ 3
HEWZfT-=8R 5B el iz, 3COTT,
2~ 3 ETEEEENY - MR E2DEHRL (K
2 a), 0.025%trypsin+0.02%ethylene diamine
tetraacetic acid (EDTA) 1= & b B O BEEHRREER
ELTHEBLEZ(EL), 2hsOMBERERS b YL
VTN —RfEz kD AR EEEL, 3 X10%E/ml
LB LD CHBLL.
IV, ZEMEXEROER
1. Base layer OERL
1) Enriched McCoy’sbA $E#E
McCoy’s5A 5 # ¥% 500 ml i 50 ml @ FCS, 25ml
@O HI-Em# (Gibco), SmiELEVEF P Y T A
(2.2%),1ml L- &£V > (21l mg/ml),5ml L- 7' V% 3
> (200mM) & 5ml PS #i0% TFERRL 72,
2) Plating medium
40 ml enriched McCoy’s5A 3531512, 10 ml tryptic
soy broth (3%, Difco), 0.6 ml L-7 Z/¢5 ¥ (6.6
mg/ml), 8L U 0.3ml DEAE-7# & I 5 > (50 mg/
ml, Pharmacia) 2 EABEITCMA b O EER L7,

M

3) Base layer (7 4 —5 —&)

3 %bacto agar (Difco) %, 56°COEMEITHREL
T{EA L 7. plating medium L B&E L, RkEg
0.5%DHEFREL D LICHABL, #D1ml% 3
mm XY 74 v ¥ a (Corning, # 25000) i s, =
BREREHOTBE L7,

"

Specimen
MODIFIED METHOD

«fio o §

(3] Cell Sheet
(2) Disaggregate to
single cell l:>
suspension Cultivate tumor cells
with enzyme in RPMI-1640 media

with 15% FCS
STANDARD METHOD Q

5 Drug Gl G
incubation Harvest as single

cell suspension
B (Trypsin and EDTA)

oo cele &, SSSS

B
Incubate dishes for 14 days (37C)

=
q%%
609

Tumor
Colony

(6

S

(8) Count colonies

Fig.1. Flow diagram of steps in tumor colony
forming assay (TCFA) of osteosarcoma.
(1) Fresh solid tumor was obtained from biopsy or
operation materials. (2) The cells from tumor
were disaggregated to prepare single cell suspen-
sion enzymatically (collagenase type 1, DNase
1, pronase). (3) The tumor cells were cultivated
in PRMI-1640 medium with 15% fetal calf serum
(FCS) until the formation of cell sheet in a bottle.
(4) The cells were harvested as refined single cell
suspension by trypsin and EDTA. (5) The tumor
cells were incubated in test tubes with drugs or
control medium for 1 hour. (6) The cells were
then washed out and plated into double soft agar
in Petri dishes. (7) The dishes were incubated for
14 days to permit tumor colony growth. (8) The
number of tumor colonies in each dishes was
counted under a microscope or with an automatic
particle counter and calculated the percent
colony inhibition.

1640, Roswell Park Memorial Institute Media-1640 ; TCFA, tumor colony forming assay;
TCFUs, tumor colony forming units; VCR, vincristine.
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9 . Plating layer O1ERk

1) Enriched CMRL-1066 f 3%

CMRL-1066 (Gibco) 500 ml iz 75 ml B, 20 ml
gy v s (100mM), 10mlf>valy (v
#29—, 100U/ml), 10ml L-ZL% 3>, 5ml &
y3»C (30mM), 5ml PS 20z TIERKL 7.

2) Double enriched CMRL #5845

enriched CMRL 552 40ml i2D %, 0.6ml L-7
487 ¥>,03ml DEAE-7HA M7 > 8BX00.4m] 2-
ANAT LS =) (0.5X10-*°M) % EREFICID
b OERBW,

3) Plating layer

174 yyadild 5 XIEOHBEEE A 3 &
32, double enriched CMRL & S#&#8EF 0.3% D ¥t
HEROBEWTIIFES 7 (56°C). Tn®, LiolE
BLLCTH\>7: base layer D E~BEBE w7 (F3).

V. ERIRZ MR

1. 1KMo SS

3 X 10°E/m] OHEAGIZLEHRE 0.5 ml 12, 0.15 ml DI
#l &, 0.85ml McCoy’'sbA wash i1z 7. 2> b o —
N LTERORD D I EBRAEKE#REL, 37°CT
1 RERI#EAG & € 72 %, McCoy'sSA wash 12T 2 [E¥i
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Fig.2. (a) Cultivated osteosarcoma cells from an 11 year old boy (case 4) in a
bottle. X160. (b) Osteosarcoma colony growing in soft agar (inverted micro-
scope). X160. (c) Morphological appearance of an osteosarcoma colony with

Papanicolaou’s stain. X100.

Plating Layer : (1.0ml)
5X 105 tumor cells in
double enriched CMRL

with 0.3% agar

Vo020 °Y,00 0,0

Base Layer : (1.0ml) Double soft agar
Enriched McCoy’s wash
with 0.5% agar

Fig.3. Components of double soft agar for tumor colony forming assay.

L7z (1,000g T&EL). 2.0 base layer E~2riE, HBEL.

2. FEEBAOSES VI, ZERERREROEE

3 X 10%E/ml DMBE LR % 0.5ml, 0.3ml D WMED L3I LT, BEshrEgiEe st
#iz, 1.9ml double enriched CMRL %1%z 7z, = U 4wy ak, STCKRERMMRET, 7.0~7.5%
vhu—nLREFHORDYICEBREKREHERL, BRER A ASEHBNTHEELL,
37°CT#7 1 B5FS preincubate U7z, D%, 3 %ER % VI a——0BEELRAE

0.3mlNZ RACIBE 0.3%D;EREL, 374 v GRERE R, I BT TR B L




B ANED tumor colony forming assay 749

48 BERELAP I 3 2 OfliE (12 2 o = —TEHRRT)
waBEEmL, AR TSR, vabby
52 4 —{( 7 ~50 {HO > RMIEEF) HEESsh, 2~ 3
Egiizoo=— (50 B EOMIEER) nasnd
3o (K2 ,b), &7, 4EZBEDL CMEE
SEMELSE I 0T B, BE 2 ~ 3 BETHER
BRUEAEMEE b I —REEEL, SHER
DibEEENEE FOMEE»SHELL, Jo=—
gEw I ENIEMER, 713, automatic particle
counter (Handex CP-2000) % Fv»7z.

BRahzaw=—%<A4 70y b TR H
L, # DFHES X UF Papanicoloau #8iZ & b, FEESHA
Fpskd I L 2HERLL (B2 ,0).

Vil SIEHORIREBRE, & &LUREREOSE

B R ET O BEFIOBE X, BIKTHEbN S
BOMTEBEL2SFEC L TRELL(FE2). T5bb,
Von Hoff DHEWIH, b MRS s nBoim
TREEBEOHN 1/10 DBEEFEELE UTEREL L.
BIRGEA U 73840, BB EE 3t UK ¢ by
WEEHFE N TV S adriamycin (ADM), aclarubi-
cin (ACR), cis-platinum (CDDP), vincristine (VCR),
methotrexate (MTX) 2L L TRV, &z,
actinomycin D (ACD), &M% 8D 4-hydroperoxy
cyclophosphamide (CPM), DTIC,ifosphamide, M3
ATHMA LT,

FTAT triplicate (3 74 v ¥ 2) T, EH LD
BHEEEL, BROA 1R E L, RBEHRET
55 MTX 3 2 BREEm e L7z, 72, BELK
ERELLTOERETHRELL.

IX. ¥EHERRE &
BRETOI0 =K, I0=—-FEE, BLU
HESRCBELAERC W, FEE SR
(mean+SD) #HEE L7, &7, HEFENLER
Student D t #&E, XHRE, B L CRIBHIFICL DIT-
7z,

B ##

1. RAMABR IS 0 —FERIiOVT

174 v ya (BEMS <1058 H7-0, 5@
Foao=——EEBNASNILOE “a20=—TEREE
Ho” Lt 7, 0FEULODITD=—FREHS
nizbD% “BRWEHIFEAEE” &L, 30=—F
® (plating efficiency, PE) 3,

PE (%) =

EREhian=—# %100
RREMEE (5 X10@/T 4 v ¥ a)

TEDbLI.
1. J{#& (standard method) B3 1u=—F
iz ownT
BRBICBIT 5 30 = —BRkERIE 21 itk 15 Bk
(71.4%) wasNb 00, BEMHETLERE,
21 MRRh 6 fRdE (28.6%) & 3BlicHmote, %
7z, PE i 0.0039+0.0025 (mean+SD) ¥, —}DHE
O PE D35 »BEWETH-7: (E3).
2. MRHEICLZ a0 =—BRIZOVT
2BIAED S B 2 I, BEREEI CEENTED &
hizdr oz assay “NEAT & o o708, EEHE

Table 2. Anticancer drugs and their concentrations used in vitro.

Drugs

Concentrations used in
study (g g/ml)

Adriamycin (ADM)
Aclarubicin (ACR)
Cis-platinum (CDDP)
Vincristine (VCR)
Methotrexate (MTX) *
Actinomycin D (ACD)

4-hydroperoxy cyclophosphamide (CPM)

DTIC **
Ifosphamide

0.04
0.20
0.20
0.01
20.00
0.005
3.00
0.10
20.00

*

used as high-dose chemotherapy.

** dimethyl-triazeno-imidazole-carboxamide.
Drug concentration was chosen as approximately one-tenth the peak plasma
concentration in human pharmacokinetic studies.
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FATRECTH o7z 2L MET R C5EM LD T 0 = -
HKERD, .3%0 a0 =—FRETHo72, &5
S0MEABL LD oo =—TE I 18 MK 78.3% 258D B &
kb, R BREHETEREERCL
HU2(p<0.01), PETA&3E, 0.0164+0.021 &
BHTEWEERT LI CE -7 (p<0.01).

3. WBEECLY, EREHETIETCRTALHE
BE(y— MR BB, ERHEELbLT
W5 18.7+4. 4 BThH o7,

II. 20 =—FEREosEAIRREORE

BHBHOBRZRE %2 v =—FRIMFIETERDL L
7z,

I o= —BRiM&IER (percent colony inhibition) =

<1 J o= —% (EAIEAED)
ao=—¥ (@vho—nLE

) )xlOO(%)

B4 RN HETETH- T 6 EkIcD &, £4
5FENCH L TORZMERE LR REOTE B
TOMHEE, 0% 20 =—iE & 50% 2 o =—iN#EHo

2 ST cut-off point ZERITRET L 724 D TH 3, 0%
aon=—{IHTEZEESL ) L HEL 2HE, tre
sensitive rate 709, true resistant rate 90% T, 44
ELTOMEMES3.3%TH-7:, R, 50%a0
=—MIEITREZEMED D L HEL HE, true sensitive
rate 83.3%, true resistant rate 91.6%Th b, 2k
DIERE 86. 7% MO THE L DTH D, 70%, 50%
a0 =—{IFDVFIO cut-off point IKBWT Y, F
BB BEEEF R BRSSO ERR S,
THEMBED stz (p<0.01), 77, FEDIn=—
TEEAMEIRE 2 BRSNS 2 &, r=0.731 OEVLIEE
AT e ER o (K5).

—77, EFI 111285 HEEERE LAY, 1R/,
2R, 3M, 4R, SRRV 0 REOMRERh,
ZNZTNOMEEEC D &, TCFA I & 3 HIiBKIRZ Y
2 9EHNCOWTHE L/ L 23, primary culture
ELTOREE, 81 AHEEE (1st culture) &L
TORBEZB VT, W FiIFIZABOBZEEFTL
oo Lal, 2%, 3REBREERZ IIEVZ20R

Table 3. Growth of TCFUs of osteosarcoma

No. of No. of growth No. of growth Plating #
Method specimen =5 colonies/disht =30 colonies/dish t efficiency
tested (%) (%) (%)
Standard method 21 15 (71.4) 6 (28.6) 0.0039£0.0025
Modified method 21 21 (91.3) 18 (78.3) * 0.0164%0.0121"
1 5105 cells plated per dish
# Mean + SD -

*

(a)

p<0.01 (significantly different from the standard method)

Standard method

AN

Modified method \ sensitive resistant
o0 e A A & A
. ® A
sensitive
o 0O e o0 e »~ A
. O 0 @& A A
resistant o0 A A
o 0O N A
total 10 20

True positive rate

7./10 (70.0%) Overall correlation rate 25,30 (83.3%)

True negative rate 18,720 (90.0%) Significant correlation occurred (p<<0.01).
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\ Standard method

Modified Method (percant colony inhibition)
T

Modified method \ sensitive resistant
O 0O eer A O
sensitive oL e A A
O @ A
@
@) @ A o O A A
istant Od A A
resistan 0 A A
4
total 18 12

True positive rate 15,18 (83.3%) Overall correlation rate 26,730 (86.7%)
True negative rate 11.712 (91.6%)  Significant correlation occurred (p<<0.01).
Fig. 4. Comparison of chemosensitivity on standard method and modified method by the
cut-off point on 70% colony inhibition (a) and 50% colony inhibition (b).
Six osteosarcomas (case 1, 3-2, 5, 6-2, 7-2 and 11-1 in Table 1) were studied for each 5

drugs. Individual drugs are illustrated by different symbols, respectively: O, adria-
mycin; 0O, aclarubicin; @, cis-platinum; A, vincristine ; &, methotrexate.

RIS Y F MR, RREEOUHERIRL LD

NTOBHEAS S 32, &5 5 E» S 10RE
RIERFBROBRZEEEZTRL, —ELT3EA2RADR
(6).

. % =

I . Tumor colony forming assay (TCFA)

1. ZOBEE LS

BROEFRE, HEEME» SHEERERCES
TRARR eHIREFOERE L LTHERSh, 20
RIZiE, ZOMKESRAZEMET 2687 (capacity
of self-renewal) % &5, #0OER, FHLZ MK
FEPL TV 2L TEMBENEET 2, Thid
“tumor stem cell” EFFFRE N7z, ZOEEIZME

< e eihian F¥OFEHMTOBMBMAIC 7 5 2, EHESER
¢ P <0.01 (tumor stem cell) & WA TEBEMFEOSET
"= BESN LD TH B0,
—7, Salmon & Hamburger'92"}%, BRSEFEHA
100 Tao=—%EET 2 #l% tumor colony forming
Standard Method (percent colony inhibition) %

units (TCFUs) £ ®FRL 72, Z# & tumor stem cell

Fig.5. Relationship of chemosensitivity between DMESNFE—D D TH DN, VERIOEET
standard method (x) and modified method (y). TR GHS, B & I3 A4R I B TEEEIC 53
Each points from Fig. 4 was replotted to obtain a o " N N
Mmore accurate relationship between data from PEMIETH D, 0= RIS D il s

the standard mothod and this method. , In vitro BETICEBINTHRB I - 2BR
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LoD E R THETH 2 L D EEDS, LB
hrOBYLrEZLNTNS,

EERI W, BEREBR TOMEIIE N He Lafilao
cell line ® 7 v —1kid Puch & Marcus®iZ &b,
%7, EHEMAMIE O clonal assay i3 Till &
McCulloch*iz & - THFE S h7e, 2D, EEBK
B, v7u77—VEfilas L U~ v A EHfiEE =
EWERBEMIZE V% colony assay #%2% Bradley &
Metcalf® &, Pluznik & Sachs?® 51z & - CRIFES
iz, Zh o 2EEIc, Arizona Cancer Center @
Hamburger 52Vt b EHESLO 7 v = — R Mg
ORFFE ML, human tumor colony forming
(stem cell) assay & L TRRL:, £0#%, HERC &
DR IZE b EREEO 2 v = — MO RS
BEE SN0, PR Y in vitro BRERBROBR
LEBRRICHERE S N, Zh o OBV EREMED T
HEND IR DVWEEICE->TNS,

2. BREAOEA

PE~D TCFA ©#EAZ, Von Hoff 59D 17 4|
EED, Alley 5320 15, H L5390 11 flk ¥
%L, RBERARERORENELEEETH

100 ¢
%

Percent colony inhibition

BAEAOIEAIZIEL AL RV, IS DERE LT,
ELERHEORNEMIBIEERNVEH TS 2 2 Ly,
clnogenicity 2MEWV Z &1, X 51T1F EFID#a 8
BhnZ EnBEFoNn5 FEED TCFA 2 BRTAE
RICICH, BAT3EI, % TERAE S BINL ey
3, B, I IHERBABROLERRO AR,
Rosen 5*9DR¥ ADM, VCR, MTX, CDDP #3#
ETDLDREE>TETHBY, BHEMICLREH,
BREL/IBLTETHB I Lh s, TCFA OEE0
WRET, FHCRRR & OB RA12 9 2 TIHEETHS
Ik, B2, RBOBKIZELT, BIBEszEs
Hdh2VIETHEEEE L2 L BbN 2 BREONEY
EPIDERICH- D, FHEFIRZEREIC & 2 980
KR OBIFRE R, LETUROMBETHNEELE
THELVIAKEDS,

II. Tumor colony forming assay NRE

1. WRHEOHS

Von Hoff &3 EHHEAEF D TCFA BT
BfifEdH 52 ELZE LT, M, BEkdSOHESLE:
R 5 DML, B\ clonogenicity 28 L Tu
3, —7F, BRERER DK\ clonogenicity I%, #

T T T

Primary Ist fInd

standard ( modified)
method method

/4
T T r/4 T

Mird Vth Vth Xth

(generation)

Cultivated ostecsarcoma cells

Fig.6. Relationship of chemosensitivity between primary culture (standard method) and
first generated culture (modified method). A specimen (metastatic material) from a 23
year old man (case 11) was studied for 9 drugs. Individual drugs are illustrated by
different symbols, respectively: O, adriamycin; @, aclarubicin; &, cis-platinum; X,
vincristine ; ®, methotrexate; *, actinomycin D ; A, cyclophosphamide; o,DTTC; =,

ifosphamide.
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mEgCEBESE B, HEFERRE T L0
B 2RT LB T0 S, ZOMEEERT N,
Slocum %% MacKintosh 53713, EER 8
collagenase, pronase, DNase % U DEER 2 W TH
\s clonogenicity DEBEIEH, MEL T3, EH b
BREMENIT L, §XT Z D enzymatical disaggre-
gation method % F3\> T BRI HR & A% L /-,

%1z, B\ clonogenicity #8577 D FEEH L L T,
Courtenay &%, X — F <=7 A REilHl~ v A~
PEEBEERA, WELZES X D EUEERR Y
|, TCFA IZIGA L TWw 3, Buick 539%, Carney
S0k, HERELTNTEBEOERRIETEDL- T
(LD, BYIELUERVTRERZ L, KEOME
L—EIEETE 5 2 &, control study & U THixH
THLEIEERFELLTBI TV, 20X T2
HICE AL 72D, in vitro ##@&¢/-07T 3
2k, EEMEO 3o —REEDBIRNERA~D
FETHY, FNITLY PEHMNEL S L Rosen-
blum 53R T B,

I THEER, BREEL L TOBREME 2 BHiE
MIFERIC LIRS, wo t ABEEERRIC
BILUCGHIREE 2 130 D, B BEENREEE I H
BLTHS TCFA 2172, LW HEZH%EEREL
fo. —RICEEEER TR, EEMCES T, fibro-
blast DIEFE S X AITED S 1lch, & assay 2B
1} 2 TEBFER M TIZ, fibroblast i3 /B #KER
DERACBETF LTI o—BRICEENE T, 20
HREDHTE S N B AN B T2,

Fk L B D clonogenicity % 7 o = —J4 iR EE,
BRI EARRE, PEW &0 LLIBRET L 72, 208
R, Jo= — KB FEO T1.4%Ic L, SR
DI1.3% Lmie ) EHERL 7z, $ic, BRMHIET
RRIFED 26.6%12x L, WRED 78.3% L85
PRELED, BFICPE S 0.0039+£0.0025 » 5
0.0164+0.0121 BB LR L, BED Z 42U
PEEHLEL B,

2. SRR

TCFA BV T an=—i3, #H—HlOENESh
DR LI X DR 24, I EEICREL
REMROYEMIE (w07 57—, ULk, 8§
HIER) & —8 (8920%) w0 ——%FEL S 2 & &
RTe 3%, 2o OB conditioning factor & L
TEMT % 2 213, Hamburger 5 OBIZRIC 5T,
¥IA7r—vkREWCKEL HME TR, TCFUs
DI0=—JEERENET T 3 2 L TREAN. T b b,
7787 7—9% soluble factor %8 L T, Sk
t TCFUs OREQMIELHIE L, F¥T 2 “TWHD

/" THZEBRTWE, IhSDBEEELEZT,
NBEUALD a0 =—FREEBL b DD &% H5EER
ZUEHEARRL T2 2843, BRI THELELON
5.

R & N7z 2 o =—% Papanicolaou et L7z & =
%, BABEMIRORE Z 2T EETH > 7238, N/C H,
BOKNRREZ & OBREERTIC L0, EEHE X
VR Z L HEEEE & 7,

RiE L RREOFEFIRZEORN T, 0%8 &
U 50 % 2 9= —##1Z B> T cut-off point % 2T 5
fliL HER, WFRIZBLTH, HEXERDEELL
S EFMEF O E2RICEENRED b il. %7,
EFEMTICB T S IMECHOCHEBESED s 2
L&Y, RBEOHIEFIRZUHIBROBRIL, ko
ENEBRECERT 5D EEZ &,

S 51z, BRBEMARSERRERIC BT 2 EIEAR2HE
DFEALEH 3 &, primary culture O B 4D & #EF
BRSNEERROTE IR, 1~ 2 #HRo%RTH
NIZERRFOFEAREN SR LI b, WEE
NTCFAD—A¥e LTERTHL I LEFRER T2
BEELRFERc 2 L Bbhl,

BE&Yaoo=—EEEsE <, PE bBEI LK
TE/EEEL, 0, FBARZEELFELIZIZ
AETHLZENEBE LI L LY, RERER, BA
Bizsd2 TCFA L LTHRIC A DEEEE~T b
DEEZ N,

. TCFA OREHR : BRORE

BRICIGA L O 3 #EHIREMRROZMH L L T,
1) FRCBRGROFEEDODL L OTHE 2 L,
2) HEBHBEETH OBREICHETELLDTHL T
&, DA RVGERMRBTY ERAETHE 2k, 4)
B2 OHEFICATRETH 2 2, 5) FHELES
HWTH2LENDD, BROBRIENE LI L, R
BhiFonz,

TCFA iZ, AR 5 #FZIFIIEwIE LT3 EBbh
508, BREZNRL LSS, cu-—JERES LV
PEDEENERLKRKELELZ>TWVE, Zhd %25
HBFEE LT, BBRRBEICE T 25899, FED
LA 2 WRAAREH & T % FE9, cell free ascites %
B L CERAT2HEOR EMTbARE I TY
BH, VERERRERE LB izwiioTuhin,
EEOHERINSOEERTRL, »OBRRIGD
FEHOLEL, M2 EOVRCBERMED» S TY,
HEEEE*RTCELBOMIGIEE T, TCFA ~NEHE
TREL RO I EMRENT, LorLedss, BH2o
SETHLEEIEHTICEAL TR, ROFELD
EHRFHIB.THRET LI X, SHROBESLL



754 i |

TESRHBOLKMMBEEN TV 5, Tanigawa 57
¥, TCFA O¥23%FEH & autoradiography O F S %
SHAL, co—HEEUAONH LD TFHEETS
scintillation assay #3A4TH Y, EHEHERS HEC
sIBFOFERBFCEAR CRERIHETRTDH S

(rapid assay) Z L ZHFTAL TB Y, EETRETH
%3,

—7%, in vitro HIEXIREHERIC BV T, REE
FOBEE L ER L DEMEEHOZEIEELMETD
3, FHI, b bENT A {EEREROBEBNBREC
AL, IVERCEVWEEL L TRELZ Von
Hoff 9D FEwfEw, b MclEsshi-Boib iR
WE DK 1/10 DB wEERME L L TRE L2, FRK
Z OWEIX, one shot #ERFD B-phase BHERIZ BT
ZWEICIFIZ—BL, %72, 1EFRIEANC X 2R
D#EHE, CXT (Mg L) BESERO
BEEHELBELHEET 2 LW fArs, SENRH
BEREDL VLD,

b —DODEES L LT, masked compound ~D
Wb \Fehsd, FHIBEERO CPM 2ERL T
WHH, SBOFFEL L TERENETHA D,

& S EELEE, enzymatical disaggregation
BBV HETH > T bes BREIREEE & (EK
T2 L HEEETHD, cell aggregates BSTER DEIE
TEENBILHTUMTHEARICHE, oD
JTuD—-EEIOBEOC1OLER S I EBEEEINT
V1B, WRHBEOHEBERRENT 2 REE, cell
aggregates DIBAZRABICHEIEL, 20 =—-HED
false positive 2 RKRICPHS Z L WEBL T2 80D
LRBbhiz,

4k, BROBCEABOHIBHIRZEHBR L LT
FERBEOTOL A TH S, FERFC, BREDOS
25T, L BEAREEOE - EcRETLAE
RICLHEEESAL, FOEAELSBRE LW,

& Ed

EH I BRBORBAIRZERE & LT 15 E6, 23
BIEEF VLT, TCFA OEMES & UF L RBEEET
WATF DS E B,

1. TCFA O » ORI EINET 2 12b7 0, 1o
ABRBEEE 2 T- 0 b, BUESHRE2ESL,
assay WHWB HEL LTHLWHEEERFEL 2.

2. BETHI o= —FREER 71.4%, BEMH
TETTBE 28.6%, PE0.0039+0.0025 TH 7228, &
BT I =—REE9.3%, BREEHETEER
78.3%, PE 0.0164+0.0121 L HHIC LR L, BIc 2
MH|ETRERES LR LIz e o BEMERE LTt

SEREEZONT:,
3. L UassRiETIRRECHTL, %—Ei‘ﬁé
D7zHiz, E61218.7+4.4 E%%Tﬂ\?bfi)af:,
4. KB BILHERIRZEORERIE, Fior
NEFER-BLLBERERLEZE2» S, BRED
TCFA O—FBELTHWI 2D EBbh:,
E:if &

Tekb 5 Cia, HEY, ARH L5 - BEERE
BIERE L #BEERL &7, &7, WHAHEEESRrg
V- E EBEERBIER I L S B L T,

AHEOEITICER L, HIAEE ) &8 TIH, BEEE
L fh, BRAREBEIIOELEH, & 512, BROHE
& BB R RO B R ERR, BEEEr sy~
FEHEALGRE, TERSA LY Y —SHHRELE, BHER
KEZNAERECRHFOBERL 2T,

78, KRXOEEO 5T, 5 17 AHEEIECHES,
5% 57 QB AEBARE SRS, B L UE I UEBEKE
NEIEBEEFES (SIROT, 1984 £ 98, oY Fr) i
WTHEELR.

FHFRO I AN 59 FEXEBERREHNE
59570633 SN\ AR T /2 2 & #RH L ET,

X ik
1) Kondo, T., Imamura, T. & Ichihashi, H.:

In vitro test for sensitivity of tumor to carcino-
static agents. Gann., 57, 113-121 (1966).

2) Karnofsky, D. A.: Differences between
cancers in terms of therapeutic responses. Cancer
Res., 16, 684-697 (1956).

3) Kondo, T. & Moore, G. E.: The limitations
and adverse effects of cancer chemotherapy.
Surgical Forum, 9, 607-611 (1958).

4) EB#ETH smBRIAE N EERO SIS
w9 3 BR MO RIE T 5 EEBRIR. i, 20,11
-20 (1980).

5) HOMSE - F&HEM - BESX: Organ culture
FHOHEFIRZHREBIC DV T, BFEE, 38,48
-53 (1978).

6) WEHMERE - LISRE - HAPE— KT HE
5% - A - EiRE— - FNIRZER - AL W
il sk AIIEEEIC X 2 b BRI, P
$E5E, T, 5T7-589 (1964).

7) Dallner, G.: Viability and tetrazolium salt in
ascites. Nature, 186, 176-186 (1960).

8) EEEET: HEH OG- BRI BHE
#, 19, 2304-2311 (1964).

9) Bickis, L. J., Henderson, L. W. D., & Questel
J. H.: Biological studies of human tumors. I




FAMED tumor colony forming assay 755

In vitro estimation of individual tumor sensiti-
vity anticancer agents. Cancer, 19, 103-113 (1966).
10) Bx K- RRERX - RIEX - FEXZ - 518
B oERHEE-E BC-BEH B FHEERE:
Isotope % M L 72 ARG B & 2 BEAIEZHR
B, BFTEY, 33, 2270-2277 (1978).

11) Rygaard, J. & Povlsen, C. O.: Hetero-
transplantation of a human malignant tumor to
“nude” mice. Acta Path. Microbiol. Scand., 77, 758
-760 (1969).

12) Povlson, C. O. & Jacobson, G. K.: Chemo-
therapy of a human malignant melanoma trans-
planted in the nude mouse. Cancer Res., 35, 2790
-2796 (1975).

13) Shimosato, Y., Kameya, T., Nagai, K.,
Hirohashi, S. Koide, T., Hayashi, H. & Nomura,
T.: Transplantation of human tumors in nude
mice. J. Natl. Cancer Inst., 1251-1260 (1976).

14) Hamburger, A. W. & Salmon, S. E.:
Primary bioassay of human tumor stem cells.
Science, 197, 461-463 (1977).

15) Von Hoff, D. D., Casper, J., Bradley, E.,
Sandbach, J., Jones, D. & Makuch, R.: Associa-
tion between human tumor colony-forming assay
result and response of an individual patient’s tumor
to chemotherapy. Ame. J. Med. 70, 1027-1032
(1981).

16) Salmon, 8. E.: Human tumor colony assay
and chemosensitivity testing. Cancer Treat. Res.,
68, 117-125 (1984).

17) Salmon, S. E., Hamburger, A. W., Soehlen,
B. G. M., Alberts, D. S. & Moon, T. E. : Quantita-
tion of differential sensitivity of human tumor stem
cells to anticancer drugs. N. Engl. J. Med., 298, 1321
-1327 (1978).

18) Fk L#3L - T - I—3 : HIEFIRS NS
Bi—~human tumor stem cell assay. & & (L3, 9,
599-605 (1982).

19) Buick, R. N.:In vitro clonogenicity of
primary human tumor cells: Quantitation and
relationship to tumor stem cells, p15-20. In S.E.
Salmon (ed.), Cloning of human tumor stem cells,
Alan R. Liss, Inc., New York, 1980.

%) Selby, P., Buick, R. N. & Tannock, L.: A
critical appraisal of the “human tumor stem-cell
assay”. N. Engl. J. Med., 308, 129-134 (1983).

) Hamburger, A. W. & Salmon, S. E.:

Primary bioassay of human myeloma stem cells. J.
Clin. Invest., 60, 846-854 (1977).

22) Steel, G. G.: Growth kinetics of tumours,
p217-267. Clarendon Press, Oxford, 1977.

23) Puck, T. T. & Marcus, P. I.: A rapid method
of viable cell titration and clone production with
HeLa cells in tissue culture: the use of X-irradiat-
ed cells to supply conditioning factors. Proc. Natl.
Acad. Sci. USA, 41, 432-437 (1955).

24) Till, J. E. & McCulloch, E. A.: A direct
measurement of the radiation sensitivity of normal
mouse bone marrow. Radiat. Res., 14, 213-222
(1961).

25) Bradley, T. R. & Metcalf, D.: The growth of
mouse bone marrow cells in vitro, Aust. J. Exp.
Biol., 44, 287-300 (1966).

26) Pluznik, D. H. & Sachs, L.: The cloning of
“mast” cells in tissue culture. J. Cell Comp. Physiol,,
66, 319-324 (1965).

27) Jones, 8. E., Hamburger, A. W., Kim, M.
B. & Salmon, 8. E.: Development of a bioassay
for putative human lymphoma stem cells. Blood, 53,
294-303 (1977).

28) Hamburger, A. W., Salmon, S. E., Kim, M.
B., Trent, J. M., Soehnlen, B. J., Alberts, D. S. &
Schmidt, H. J.: Direct cloning of human ovarian
carcinoma cells in agar. Cancer Res.,38, 3438-3444
(1978).

29) Buick, R. N., Stanisic, T. H., Fry, S. E.,
Salmon, S. E., Trent, J. M. & Krasovich, P.:
Development of an agar-methylcellulose clonogenic
assay for cells in transitional cell carcinoma of the
human bladder. Cancer Res., 39, 5051-5056 (1979).
30) Von Hoff, D. D., Casper, J., Bradley, E.,
Trent, J. M., Reichert, E. & Altman, A.: Direct
cloning of human neuroblastoma cells in agar: a
measure of response and prognosis. Cancer Res., 40,
3591-3597 (1980).

31) Salmon, S. E. & Von Hoff, D. D.: In vitro
evaluation of anticancer drugs with the human
tumor stem cell asay. Semin. Oncol., 8, 377-385
(1981). .

32) Alley, M. C. & Lieber, M. M.: Improved
optical detection of colony enlargement and drug
cytotoxicity in primary soft agar cultures of human
solid tumour cells. Br. J. Cancer, 49, 225-233.(1984).
33) H LML - FRINBE - SXEH - JI—58 - FHE



756 i

MR - M R - REBETd - WHETF - fBREZ-R
EH— - EILEEA ; In vitro colony assay [ & 5 Bk
EEo v =——ERICET 25, BEE, 19, 1456
-1463 (1984).

34) Rosen, G., Caparros, B., Huvos, A. G,
Kosloff, C., Nirenberg, A., Cacavio, A., Marcove,
R. C., Lane, J. M., Mehta, B. & Urban, C.:
Preoperative chemotherapy for osteogenic
sarcoma : selection of postoperative adjuvant
chemotherapy based on the response of the primary
tumor to preoperative chemotherapy. Cancer, 49,
1221-1230 (1982).

35) Von Hoff, D. D., Cowan, J., Harris, G. &
Reisdorf, G.: Human tumor cloning: feasibility
and clinical correlations. Cancer Chemother.
Pharmacol., 6, 265-271 (1981).

36) Slocum, H. K., Pavelic, Z. P., Rustum, Y. M.,
Creaven, P. J., Karakousis, C., Takita, H. &
Greco, W. R.: Characterization of cells obtained
by mechanical and enzymatic means from human
myeloma, sarcoma, and lung tumors. Cancer Res.,
41, 1428-1434 (1981).

37) MacKintosh, F. R., Evans, T. L. & Sikic, B.
1. : Methodologic problems in clonogenic assays of
spontaneous human tumors. Cancer Chemother.
Pharmacol., 6, 205-210 (1981)

38) Courtenay, V. D., Smith, I., Peckham, M.
J. & Steel, G. G.: The in vitro and in vivo
radiosensitivity of human tumor cells obtained
from a pancreatic carcinoma xenograft. Nature,
263, 771-772 (1976).

39) Buick, R. N., Fry, S. E. & Salmon, S. E.:
Application of in vitro soft agar techniques for
growth of tumor cells to the study of colon cancer.
Cancer, 45, 1238-1242 (1980).

40) Carney, D. N., Gazdar, A. F. & Minna, J. D.:
Positive correlation between histological tumor
involvement and generation of tumor cell colonies
in agarose in specimens taken directly from
patients with small-cell carcinoma of the lung.

N

Cancer Res., 40, 1820-1823 (1980).

41) Rosenblum, M. L., Vasquez, D. A., Hoshino,
T. & Wilson, C. B.: Development of a clonogenic
cell assay for human brain tumors. Cancer, 41, 2305
-2314 (1978).

42) Bouck, N. & DiMayarca, G.: Evaluation of
chemical clonogenicity by in vitro neoplastic trans.
plantation, p226-297. In W. B. Jakoby, I.H. Pastan
(ed.), Methods in enzymology, Vol LVIII (Cell
culture). Academic Press, New York, 1979,

43) Sridhar, K. S., Plasse, T. F., Holland, J. F,,
Shapiro, M. & Ohnuma, T.: Effects of physiclosi-
cal oxygen concentration on human tumor colony
growth in soft agar. Cancer Res.43, 4629-4631
(1983).

44) Joyce, R. M. & Vincent, P. C.: Advantage of
reduced oxygen tension in growth of human
melanomas in semi-solid cultures: Quantative
analysis. Br. J. Cancer, 48, 385-393 (1983).

45) Friedman, H. M. & Glaubiger, D. L. : Assess-
ment of in vitro drug sensitivity of human tumor
cells using [*H] thymidine incorporation in a
modified human tumor stem cell assay. Cancer
Res., 42, 4683-4689 (1982).

46) Uitendaal, M. P., Hubers, H. A. J. M,
McVie, J. G. & Pinedo, H. M.: Human tumour
clonogenicity in agar is improved by cell-free
ascites. Br. J. Cancer, 48, 55-59 (1983).

47) Tanigawa, N., Kern, D. H., Hikasa, Y. &
Morton, D. L.: Rapid assay for evaluating the
chemosensitivity of human tumors in soft agar
culture. Cancer Res., 42, 2159-2164 (1982).

48) Alberts, D. S., Chen, H. S. G. & Salmon, 8.
E.: In vitro drug assay ; Pharmacologic considera-
tions. pl97-207. In S.E. Salmon (ed.), Cloning of
human tumor stem cells, Alan R. Liss, Inc, New
York, 1980.

49) Agrez, M. V., Kovach, J. S. & Lieber, M. M.:
Cell aggregates in the soft agar. “human tumor
stem-cell assay”. Br. J. Cancer, 46, 830-887 (1982).




HARME tumor colony forming assay 757

An Experimental Study on Tumor Colony Forming Assay of Osteosarcoma Akio Yokogawa,
Department of Orthopedic Surgery, School of Medicine, Kanazawa University, Kanazawa
920 — J.Juzen Med. Soc.,94, 744 —757 (1985)

Key words: osteosarcoma, turmor colony forming assay, chemosensitivity, double soft agar,
monolayer cultivation
Abstract

Tumor colony forming assay (TCFA) has been demonstrated as one of the most reliable
chemosensitivity tests for the accurate prediction of the clinical responses to anticancer drugs.
However, it has been reported that TCFA for malignant bone tumors, especially osteosarcomas,
results in the low growth rate of tumor colony forming units (TCFUs) and the decreased plating
efficiency as compared with those of other carcinomas. In this study a method was designed in
order to ensure a useful application of TCFA for osteosarcomas. This new method was devel-
oped by modifying the standard method of Salmon and Hamburger in the following points.
After dissociating the solid tumors into single cells by enzymatic digestion, the cells were cul-
tured in RPMI-1640 medium with 15% fetal calf serum until the monolayer became nearly
confluent, and the cells were harvested for seeding on double soft agar plates and the number of
TCFUs was assayed. The standard method of TCFA was tried with 23 specimens out of the 15
osteosarcoma cases, but the rate of colony forming ability (71.4%) and the plating efficiency
(0.0039+0.0025, meantSD) were low. On the other hand, the modified method increased the
rate of colony forming ability to 91.3% and the plating efficiency to 0.0164+0.00121. Espacial-
ly, the growth rate of TCFUs successfully submitted for the chemosensitivity test was markedly
improved from 26.6% by the standard method to 78.3% by this method. The chemosensitivity
to six osteosarcomas by this method was examined with 5 drugs and the data well agreed with
those obtained by the standard method (p<0.01). It was concluded that this method was useful
and efficient for the TCFA of osteosarcomas.



