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INTEQDUCTION

Evaluation of human tumor cell chemcsensttivity ualng
Boft-agar eclony furmation assaye generally have utilized
one of two standard methods of drug application: 13
"One—hout exposure” followed by washing and reguapension of
cellg prior ta inagulaklen in culkure or 23 "continuwous
exposure” by incorperatfon of drug into geft—agar cell
suspensione prior to fmoculacion (Alberts et al, 1280;
Soehnlen et al, 1980). The present study was desipned to
asBeds poseilble advantages of an alternate method of drug
EXPpORUrY:  that 13, dyug application £o the surfacem of
suft-agaroge cultures following incculation, Lo cankrasc ta
other techaiques, surface application was wviewed as 3 meana
Lo vliminate mechanical mapipulatien of cells in the pre-
sence of drug and to permit a1l culfures to be set up from a
single, "twlk” pell suspension with minimal handling,

MATERTALS AMD METHODS

Detalled descriptions of tumor acquisiriom, digestion,
sof{-agarose culture, and chemosensitivity testing by the
drug lncorpotation technique have been roported proevioualy
(Agrez of al, 19%2a.b; aAlley et al, 194%2: Alley and Lisber,
13%4). The pame pracedures were utilized 1p the present
atudy with the éxception of the following wodificucions per-
aitted by the culture surfage druy appliecatian Lechaique:
Aftee digestion and washing, cells from each speclmen were
suspended in "bulk” ac a density of 5 x 107? eellefml; 1 ml



aliquata of cell suspension containing O0.3% Seaplague
agarcde wersa Chen applied to the base layer of cach culrfure
dish with a conatant-volume step-csyringe (Eppendoef Repsacor
4785%), the barrel of which was fitted with a larze—hore
Eibrvmeter tip (Bectoo Dickinson and Co.). Following
aparcde gel feormaticoa, aliquets (100 yl) of sach drug zolu-—
tivn (20x final concentration) were applied to surfaces of 3
cultnre dighes and aliquots of each drug wehicle (water,
0.9% saline, 10% ethancol) were applied te & culture dishes,
Hace chat culture dishes set up by the "drug incorporation”
and "surface drug appligation® methpdologles concalned 1deop=
tical formulation: Base layvera {1l ml) contained HMcCov'a
medium supplemented with T.BX fetal bovine serum, 140
sadium pyruvate, 4 pg L=zerioe, 1.3 paol l-glutamine, &3
units penlcillin, 63 ug streptomyela, 65 W asparagine, 246
pg DEAE dewtran, €,3% tryptic soy broth, and 0.5% agar;

cell layers (1 wl)] contsined 5 x ID° cells in CMBL 1046
medium supplemeated with 1,53 fetal bovioe servwm, 1.4 upite
lagulin, 0.21 ymol wvitemin G, 149 ypoits penieillin, 140 ¢
streptonyein, 14 pmol L-glutamine, 6B | aszpavagine, 35 mol
i=mercaptoethanal, and {1.3% agarcose plus 100 (1 drug solu=
tion.

For a given specimen culture, chemosensltivity waa
asseasad shortly fellowing exhibition of gignificant growth
In "prollfetaclon contrul™ culture dishes (Alley and Lieber,
1284%4). Cultures were stained with a metabolizable dye, INT
{Alley et al, 19821, and colonies were counted by 8 com
puterized image analyzer, the Cmnicon Feature Anmalysis
System, Model IT (Baugch and Lomb, Tac., Rochester, HWY).

The evaluable region of uﬂ:h cultura dlEh (35 contiguaua
fields [Each 4.44 x 3.22 mat] equivalent to 300 mmd area)
wvas assessed oo the bagise of a standard ¢oleny sount program
(Kreasner et al, L9603}, BSelecbtive scoring of wiahle gell
groups was achleved In the grav-mdnual mode with the ald of
a4 scloterved glass filter placed between the light source and
culture dish. The maximum optical depsity detectinn level
{lower threahold walue) was get to 456; the minlmum cptical
dengicy detection level {upper threshold yaluo) wes adjusted
to exclude features of poo—stained cell groups and debrls
fram analysia (levelas raoged from 520-640 depending upon
specimen culture opecity). The mtan colony gcouat El 60 p
diamerer) and sgcandard error of the mean for each group

af cultutes (6 dishesafcontrol group and 3 dishosfdrupg-
treated gyoup) were computed and tabalated by the snalyzer.
Colony formation in drug-treated cultures was expresded
relative to that in vehicle—treated cultures as percenc of
cantrol growth.



RESILTS

Prollminaty Fvalyation of Culture Surface heug Applicabion

4 preliminary assessment of Che drug crerlay technique
was performed with soft—agarose cultures of & human chabdo=
myogarcoma continuwous cell line {4204}, Ax shown Ta Table
1, surface application of most clinlcally wsetful agents
resulted in greater than 70E inkibdtien of colany formation;
in fact, at therapmufically relevant concentrations moast
agents inhitited coleny formation more Ehan 90X, It was wnc
unexpected that cyclophosphamide and procarbazine lacked
activity in this in witro system eince sach of these agents
requires metabolic piloactivation (&.g., Lleber et al, E38I;
Alley et al, 1984), While melphalan atb Q.05 pep/ml was
inactive fdata not showm), subsequent evaloations rewealed
that sipnificent Iinbibltion of colony Formatign regquired the
presenes of 1.0 pg/ml or higher concentratfions whether
melphalen was introduced by culture incorpocation or culture
aurface application. Thug, Aoft—agarcss culture mabeix
appearcd te provide no significant barrier ta accivicy of
scatidard rhematherapeutic agents.

In a subsvquent experiment, droug acblvibty folipwing
culture ineorporation Was aompared with that following
culture surfave application for 7 agencs In 9 primary haman
tumor cell cultures {2 colon, & kidney, and 3 owvary).

Linear regreselon analyels of paired data is depicted in
Figure l. &ll eptries except 3 {clrcled) £all within 953
confidence limies aof the line, ¥ = 0,914 X + 22,1, where X
represents the percent survdval resulting from the Jdrug
pverlay technigue and ¥ represents the percent gurviwval
measured by the drug incorparatlion technlque (r = 0,780, o =
43, p ¢ 0.0013. A zlope factor of 0.914% (+ 9,234, 334 OT),
coupled with a ¥ intercept of 22.1 (+ k3.0, 93% CI) sugpests
that the culture surTfiace applinatiun techulqu& provides a
somewhat more sensitive index of drug effect than the
culture fincarparation techniqua.

Uee of Culgure Surface Drog Appliicaticen io the Chemo-
Bensitiviry Tecting of Primavy Tumor Cell Cultures

GCulrure surfarce drug application was cvomployed Lo che
asgeasment of 145 consecutlive evaludble human so0lid tumar
specimens. Significant proliferation was observed in 73
ppecimen cuitutrea, 35 of which were sengitive Lo ane or mare
ehegotherapeutic agenke, A8 shown in Table 10, wse of sur-
Eace application in this setrics of fumor cultures resul ted



TABLE I

Sengitivity of Human Ehabdomyoszarcoma Cells {A-204)
ta Chemobhecapeutic Agents Applied to

Roft=Agatase Cultura Surfaces

Calany
Cul ture Formation
Agent Concentratlon’ {% af Control
{;ﬁfml} Growth’
Vehlcle Controls — 1an = 9.4
Ackinomyein I 0.0 (I I
Bigantrvene [AODAH)Y 0,50 7.1 tL,5
Moxarubiedn 0.&0 2.3 0.3
L-Alanoeine S0 3.5 * 1,4
Aeridinyl Anlsldide 1.0 1.3 £0.1
{m—AMSA)
Cytazine Arabinoside (.20 1.3 DG
fARA-C]
Diazlquane [AZD) 1.4 g9 +1,2
Carmuetine (RCHUY 2.8 17,5 k1,1
Blecmycin .0 2.6 +1,1
Cyeluphosphamide 10 T9.0 + 9.4
Dibromoduleftal CDBD 5.0 10,6 + 1.4
Galactitol [(DAG) 2.n .3 *r1,1
S=Fluorouracil ki r.a x40.2
Mitapnazone (HCBG) S0 L.o0o +0.2
Hyd roxyutrea (HUR}) 60 5.1 1.4
Methotrexate 1.0 0.3 0.2
Miteomyeln C UMIETH 1.0 0,1
H-Phosphonacetyl-L- 200 L7 + 0.8
aapartic acid (PALA}
Ciaplatin [CLDLDE) 1.5 14,1 2.2
Procarhazine 3.1 fg.h 4.5
Triazinate [TZT: 40 1.3+ D4
Tinblastine Q.50 3.3 0.2
Tenlposide (YM=263 0 1.3 :n0,2
Rtoposide {VP-16} 10 De 2,2
Sodium Azide LFLEN .7 r .3
Mereurie Chloride 1an 0,.n5 .05

1 Culture concentratlon ¢of each chemotherapeutle agpent was
gelected En approximate the mran plasma concentration
rresent in patients ene hour foellowiaz adniniserablon of
A maximum tolerated doue.

2 Tabulated data are the mean * 1 SEM far each group (n=g
vehicle contral cultureg; ne3 drug=tredated cultures).



in higher frequonelics of prelifearation and chemosensitivity
Lhant wore observed for the drug lncorporation mechod in an
earlier geries af specimen cultuces. While similar frequen-—
cles of drug seoeitivity were observed faor the twa wethoda=
logius when data are expressed relative ta the oumber of
aspays [A), higher Erequeéncles were observad when date is
narmallZed with respect to the nuzber of cultures (C),
These findings coupled with chose depleced [o Figure 1
suggest that in vitro tumor cell growth may he vobanced by
winfmizling mechanical manipulations of cells prior to
culture inoculaticon.

fsisassment of Tamor Cell Colony Formarion Following fulture
fmrface Application of Multiple Drug Concentratians

In a subsaquent geries of 117 primary tumar cell cul-
tures as wall ag secondary culcures derived From 4
menograt t-passeged human renal carcinomas, each deupg was
applied at three coaceatrations. As noted in previous teat-
ing of single concentraciong, tumar cell cultures exhibicaed
a wide range of sensitivit{es tov a glven agent. For
example, colony fovomatlon by oue remal carciooma (Fignre 240

Table II
fvaluability and Chemosenaitiviey of Primavy Human Tumor
Cultures Following Two Methods of Drug Applicatioal-<

Criteria Drug Incorporation Drug Overlay

Cangecutive evaluable
gpacimen cultures (G 195 145

Cultures exhibiting
efgnificant growth and

puccesafully asaayed {A): a? I
(422 of ) (53% of C}
Drug sensitive: 55 L5
(67 of A: [?2% oF A:
28X of C} JAEL af )

1 Table entries indicate the nuaber and normalized frequen—
#iley of specimen cultures weeting each criterian

Z Sensitivity refers to > TIX iohibition of eolony [formation
by one or mare chematharapegbic agents proesonl et clini-
£ally relevant concentrations.
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Flgura 1. 4 Compatrizon of Drug Actlvities in Primacy Human
Tumor Cell Culture Followiag Two Methods of Doug Applicatiaon,
The graph depicts paired mean percent survival data

gathered from nine individual specimen oultures (aes text).
¥ = godium azide (A903 wr/ml); F = S—fluarauracil {10 pg/ml};
¥ w mitomycin £ (0,04 giml); A = actinomysin D (0,01

apimly; D = doxerubleln (0.6 wgfml); V = vinblaatine {3.05

agdmlY; B = ciaplatin (1.5 pimll.



waa Zensleive ta all agenta at therspeutically relevant con-
centrations (1x) excepﬁ ol toguazone, By contraet, colany
forwmatian by another renal carcinoma (Fipure IDNY was
recistant to all agents ac the same respective lx concen-—
ctationg followlay identieal applicationg, At higher
concantrations (10x and 100x) actinemycin I, mitoguazone and
witomycin € Wers "active”, whereas L=alanosine, etbaposlde
#nd vinblastine were inactive. Similar in vwitro drug sen-
sitivity prafiles were observed in subseguent cultures; and,
in fact, in vitro colony formation by the former specimen
was markedly inhibited {<15% of control groweh) by Iusser
concentvatlons (0.1x) of zectloomycio D, nltompeln O, and
vinblastine, Coefficients of variation for the colony count
¢f primary, secondary as well as cell line culturcs inueu=
lated from a sinogle, "bulk” cell suspenslon wure gensrally
emall: less than 20% foar golony counts evceediog 807500 om
{vaf., see Fipure 2).

DISCSEINN

A standavdized laboratory assay capable of 1dentifying
vffective chemotherapoutie ageats for lodividual Cumor spo-—
cimens would be a wseful adjunct o the clinical management
of cancer patients. While the "human tuoswr stem cell assay”
wag desipned apecifically for thiz purpose {Salmon et al,
19781, certalo technleal features of the criginal aassay
complicate 1its pefformaace. For ewample, Che conveatlonal
protocel requires that prior to setting up bilayer cultures,
aliquots of cell sudpenslon be fransferted to soparate
tubes, each containing s differcot drue, the same drug at
difFferenc concentratlone, A well g3 respective drug
wehicles (Alberrs £ al, 1980; Scehnlen ot al, 1980)., wWhile
few tubes may be tequired for small tumer apecimens, larger
apecimens require many ELubes. MNob only 15 cube handling
cunberscme, bub It 15 our empiricgal judgement that excessive
mechanical manlpulation of cellz suepended in culture wedium
af vlevated temperatures may lead to diminished in witra
cell proliferation. Horsowver, addiclon of o swall volume of
stock ciell suspension (at high density) to each tube
fallowed by thorough mixing and application of three, 1 ml
aliquats to individusl plates using o different plpet for
vach tube feduces e accuracy and preciaion of delivering
Che same tumber of cells to each dish of & given specimen
culture,

Az an alternate approach to culture and chemoeensitivity
tesCing in the present study, the potentlal wellity of
preparing all cultures from a single, "bulk"™ cell suspenaion
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Flgure i. Colony Formation by Twe Human Renal Carcinomas
{Xenograft-passaged) Following Drug application to Sofr—
dgarose Culture Surfaced. Colony counts ia drug—treated
culrtures (n=31} are axpreased ralative Eo Ehar in vepicle
conbrol cultiites (C}. =0} 85 percent, The mean ¥ 1 SEM for
each gtoup 1s depicted. The following agents wete svaluatad
{lx concentratinomn, pgiml): ¥ actinomyein 1 (0.0R0);

@ L-alanusioe (5.0); O etoposide (1.01; &F miLafuazane
{50); < nitomycin C {0.06); A vinhlastine ¢0.0503: and

B uwrrcuric chloride (1,00,

followed by eulture surface drug applicetion was assessaed,
uch A methodology was cbeerved previouzly to be aultable ig
human tumor oell line culturas (Alley et zl, 19823, In the
present study surface application of a large battery of cli-
Blcally useful drugs beowght about excellent dohlbicion of
Cumar c¢ell proliferation in eell line asz well asg primaty and
secandary cultures. The increased frequency of detectking
clhemosenaitive cell celtures following surface drug applica-
tion appearsed to result from improved tumor epll growth
{evaluabilicy rate} afforded by fewer mechanicsl manipula-
ciane prior ta eulture, Thus, the methed of doug
application mppears ta he a subtle, but I{mpartant factor



which influeneces the ease ol perfarmance and evaluabllity of
human tumor cell cultures of this Eype,

8 UMMARY

Previows metheds of ovyaluating haman tumor e2l1l chemo-
gengitivity using scft-agar colony formation assay have
required that cell suspensions be aliquoted into oultiple
Cubea, one for each drug concentration and each drug wvehicle
prior ra culerute inoculacion. In the present etudy, the
utility of an alternate mechod of drug exposura wae
investigated: Applicarlon of drug and/far drug wehicleo to
culture surfaces following cell invculaclon. Culfure aur-
face drug application wes obsarved L) co provide a means to
avoid mechanical manipulation of cells in the presence of
drug and 2} to reduce the number of steps for chemocsenalbi-—
vity testing required by oEhetr methadeologies. In addition,
the preparation pf all culture dishes from a siogle, “hulk”™
cell swepenaion for each specimen culture appearsd 1) to
improve the accueacy and precision of culture inoculation
and 2} to facilitete growth Lo soft=agar galony formation
AESAYS.
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