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Measurement of human tumour cell prowth in soft-agar
cultures using computer-assisted volume analysis
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rowrh o eoft-agar hilayer culures of human romawr cells dedvwad oo 4 da wiies conlwes ool

tinex, leam 21 semoprafs carried ic a@ymic wes, aod feom 1497 samples of fresh homan wlid tumours af
wariogs histakegic repes was apRhwed by compolerasdsted image acalpds. Beplabs oudiocs loo sk
AMarimen were naseceed 0 succeacive kays of incebation fur he owber and svolume of groowth pnits asthin
wltiple w8 weporicy, Lhar resnns gonfinm ihe recent Bnding of others thal bere is ao upper Jinil ol
= 1K1* . m? o ik cumulative growtk wel yolume oMainabls in g 2ml hilayer s agor cullore syslem. Since
fluy upps limsl ro rhe carryping capacily of e Cesed culleee ssubau casly, 1be calaul ol growlh witlan The
cultuces ix delernwnel w 3 uodaienal way by the cumulatese volumoe af growlh undls indlbalby inocotaled
inge cultures A growih inder of = L6-fuld waa paly seen when ininiad cumolacive groedh wnil volome was
= W7 e per vodlue: Jdish Compater-assisied wolume analy<s {CAYAL sppoars o be g wselul guanblates
raethewl o skl che grawlh ol buowy Lwenour eells in et 2ger cubures.

Singk o2l cuspensions from welledablished # were
propagsted iwoan twoowr okl lines can be reichly
prepured and gemerally poobfecawe well M ¥,
Lluasl growdh of such cells in semissold cullure
mesliv [such as 3% apar) bas beeo wsed fo stwly
varicus aspeets of wmoor @l peoliferation and
wnalivily [0 2hEWamocr  Bpents. 1o oenlst
preparation of pure singk ozl suspewcteans from
fresh buman solad miahignent weoplagma is ditticwl
amt nuch il swamensions  gencrally  pralilerike
pocrly o sofl opar or e cullund, Moroover.
slmaast all of Wby obseoved arowth appeans 1o resul
Mom  the  eolacpement  of  weshed  aowll  ecll
uppregitles ranluer Lhan from the clone] expansion of
angle cells (Agrez ef af., HEZ)

(o Taboratory 1 the Mayo  Clinie  bas
cxtensively smploved short-term sofl agar coltures
In assess growth aod chemesensitivity of human
solid mour vells. 1nng Lhe past 5 pears. we bayve
sudicd samples from over @R differod ot
s0licl tomaars ol varwoos hisclopic (ypes using Lhes
assay methodolopy We hgve deveboped 2 number
o' methoclaolowie  rodaficarions o elimdnate  $ar
copbenl for some of  the  technical  prubkeess
agsoiiabee] witly primary aofl agar culiures poepansd
warg e beaic Hamburger Sulmaon  wecheigue
{Hamburgsr & Salmun, 1977 Albey eof af, 14
Alley & Licber, 19847 4], The invirihle posence of
ceeclen] mall tomsor coll apprepates when such soil
apar culentes are mode up wsbg tumour ozl
sspeeanns  piopared  from  Iresh  human solid

Comespondence: MM, Lacler

Fazired 31 Janeery 193% snd in eevised fom 24 Macch
135,

*Cared  sldose WO Fraleriek Cancer Ressacch
Facilivy., Trederick, MO 21701, LISA.

tuemours fur s has been e susgle  echnicsl
vamable which has mes seriously  complesiilend
wsstssmenl vl ey ol Uik Iype.

Cowncing and sizing (he colony larmoing vnils o
grawllh unis w the BHlaver sofl sgor cultuess hos
bezn made more  ohpectw oand  seproducible
throuwph the ase of B dedicared compulerizxd image
aoulysis enumeTalion system (Salnuwn er of, (984,
1t seemexl 4l inberet w2 oo fully wtilize the
Huusch & Lotub FAS-II Imape Analyzer to srvonml
ueore defininvely Jor dhe nomber and sees ol ool lula
apeeepbes wnibally seeded ax well os the change o
growil wmit sas over me The standard batery
uf sofvwars furnished with the FASIL insiremen
contains 3 program which wwloma il ly wrlenliies
the diumeter, cross-sectiomil wnss, and cavapobaed
volume of inclividoad cell prows  (groweh unae)
pocacnt withan the  bilayer s0f  agnt vnltues
[Krmemer e ad, 198 I dwe amudics reponed
bersin, we  wplieed  compolcrassisied  volume
wnadns (CAVA] o study the prowth off human
tumowr ezl growlh wmity secded inle aoft aparc
culluce.

Malerinkb nad mhetbwld

Tumaur acguisitisn, digestion wid Firariae

Methods of iomeoar  acguisition, digesiicn,  amd
flirutissn have been deecobed previowsly {Alles &
Licher. 19840}, 1o baiel, mumeed lomgor Lssue wad
incubated im REMI 1630 medum coniunomg 10%%
foekdd salf serwm, 6% collagenrse I1, and 0.002%,
Diese [ for 2h At 370 Dheaguregaled oolls were
filteerel by praviry o Dunimal pressure theough <ne
ar moee ¥ am pore see fliacon wues, Celk were

§* The klarmillun Presy Ladk., |35
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washed ouee and resuspendsd in o sl vubomee ol
Ml <mmplemented  OMBEL 1366 oedium,. Ol
suspensions were Flerel thromgh o Wpne e size
MifLratanien walie Just prior (o0 MICCoSCORic eximinsluin.
Suspeosions evhihiting cellulur aggregates =00 um
i cdiwnweter weres  fiered  ooe addfifionat Do
through o 45 um pore swe lton it prier to
cell ponmnd. Tanal suspeosions for oell culture aere
epared onky by dilution of preveously iiered sws-
mensicoms. 1T Folhewog, prutacry bumen  fumasur
rvpes worr  sludisd eolwcloral  rciloma, 39
specEi, lung cdcciosma. 3 ovATIian G,
23; renal cell cimcinoma, 15 hreasd cacinoma, T,
melgnoeia, 4, miscellancons  tumoar  Lypss 53
Hunan carcinomas wery serilly transplanted using
BALEc nude alhyreic onee (Sprague Drawleyt. The
(Ltwurs were tmsplimbed seom e Ganks. Al
= 2em oin dsuncler oo size, e nuds monse
wan sacrifioed by cervical dislecibon and  the
mour  was  remaved  awsplically, Subseqeeot
senugzradl ownicrer oell preperation was cirmesd oot
cnactly as descoibed abowe Tur primary  humao
oumauT mitkeril.

Soft epereese cell rwleure oo celture sueface deag
applicazived

While The basul layer of culiores wae pregaced with
0.5, apar, vhe cellelar uppet] Luyer was Jurmulaced
wilh (L8 Seoplagque agarose. A single, “balk™ wetl
suspension was preparsd [or esach speamien culiure:
ionoculalion of Pmb alwquons [HO000 nuedcated cells)
n repicane dishes was pertormed wilh i womedant-
volume  slepwyrimge.  Following  aparess  get
fonacon. ao dlugud (100 01) o deag soluudoen are
drip wehicle was appbicd w v sudace of each
vuliwre dish (Alley & Lisber, 19Hdd4).

Amatwsin of 3T staived cwlifures

Calieres were cuanuned periodicelly with the and of
an inverted sthe, phase-lisht micnecope  {Leitz
Thawcitl oquipped with reciculs, Emst Lz To,
Eockleigh, MY and avond by a computenzed
uodpe avalvzer, che Omnwon Testure Asdlysis
Mwalem, Moadel 11 7FAS-11, Bawach and Lomb, Inc.,
Rochoster. WY ) The “Nac™ evaluable regano of cach
colture dish 435 conliguews Mebds eyureabont 20 3%
of 1be cilure ralume. wwiy from the neniseus at
the erwge] was inunitcred throwgh wee of the standand
Omnpicon  colony  wnplysis  prograne, scoriog  of
cell groups wad based upon measurement ol cruss-
secligng| ires feonbpuous wray of peture poinis).
Coopurations ol the diameder and volwine of indivi-
tual el movps asume spheccal geomeury. Telk
SUOUPS OSMESSUE OUIRDTMM [0 minnnem cehler-of-
aravily thord rapoe ewesling 15 were excluded
fenm analyas (Krcasner er af, 19H0) Cumuolabwe
cuanls and volomes were dederminest in each of lowr

sige carcpories (> 20050 =M, 414, 5B an
dumetary  betrooseon cabbeation  uwtilimng  Lhe
Dmunicon Test Plile 3 s conbhiomel Thoneeeh wse
uf umilecm pobyacyrens microspbheres (ool s ses:
13 2n, &b &), Blem diaeoceer: Doke  Seientific
Cuepocation, Palo Alw, CA)

Three  prodiferatwin coswol  culiures  were
umalyand oin Dy 1 oof docwhidion amd sogle
proliferation vonirol culluns wen: asalyzed on days
E 1 aad 13 The meio body of dishes lor o grven
specimen cullere was asalyzed 85 s00m e
sigrnficant growth was obseryed Lo oegor o the
probferution control culluws (pseally 31T dave),
Cuolluee disbes were stained wilh o metabahisalle,
vital dye, INT [24 pusdnphenyl3-(p wiviogpleny [ -3-
plienyl wuwashem chloride]. for 2R jusl priser 1o
apdlyss {Alley o ol TYR2L Sclecuve sworing of
viahde vell proups by dhe tmage amalyeer owis
achieved by adsiment of the instrunient deteetion
threshubd  (evindmoes oprical deosityl o ewchude
imagzes of oon-sieitend cell prowpes wnd cdehris.

Remtdis

Accaracy and provisian of frurge sreaneremens

In ucder Lo asseas the capabilicy of The 17451
image anabyir W omeasue the woall rowghly-
sphen=l ohpxis koown 12 be present im poimiry
soft agar cublures, n number of  prelimisay
experimenils were perfomicd. Comporerized image
amalvas measurcments of che arewy sl smsll acles
ure presgnted in Table 1 I geoeral, 1he iostrument
aveurately measured 1the aren of crcles Slum
dismeter nr brger ot all kvl of magbificason
ACCUracy D TOcasuCiog image amens of  nbgecs
<Hum in diameter appearcd  Boieed a1 Tower
leyeds of megnilicanmy [23x and 40 = objeclives)
hy e ability of the insorumens Lo consirn
“rompyder images” wluw shape approximaed 1o
thar of circubor objects wsing conliguouws  puols
|msels) ol neeraspular abape. Sinee the relymee
spali] configuration of piaels s Oxed and sinee the
area repwesenied By individool  pisels i
inversely wish Ihe degres ol magmlicavon, i1 was
not surpesing that o disprurity was found betwemn
lbe wetwil ind oecasurcd dieosicens when the acen
of ao ndividusl pixe]l represented o sigewfican
proportion of e Elad wnage dcoca. Thus, che
accuracy of compuler-assidel image analysis with
this  inafruekcsl  j9 limited by she prowess
crosiructing and thew sncdswob@ the areas of small
imapes ar bow power magni lisluan, o
Mepsumerkent of colony [or geowih umilh siee
solt-agar codtires also  ceyuires  assescnent ol
limitasions impesedl by ouliure chickness, 4 1 md
laver of ool suspepsion in o Jiml cabure dish
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"Ehoiropdabed cincles of multipke sz on abe swrfwxs of 2 glass @libracion
slide, Cimpican T B3 3 (Beusch and Lomb Rochester, 7).
"I'ablz enlrics arc the mean 4+ =d. af & deeerminaticns o Tpeoant ol aciual
acle dimension] fer each of 1 evchy of magnilicatian {25 =, 4002, M=,
Instranenl <alibration was performed using the 100 am desosser circle gy e

0T

primary standard dor all levels of mpgnificarion.

poedisces o cimrgubar Jise ~ 1 mm thick {1,040 gm by
calculation]. To guannilaw the =Mer of caliyre
thickness on ke wororacy of cobony size estamals,
polysevrcise micrsplens of known cze applied io
the surlics of sof-apar culivres were meazured vver
g ranpe of displaccmeoue frome the gpiimnl Togal
plane (#] nf each of threr microscope objtive
lemses. Ac shown i Figons 1. the wccumicy nf
measuring  Blgm  ciameler spheres was ool sig-
nificuntly zffecied by £, displacsiron b oneountened
in sell-apar culture when the low power objective
25 mipmiligiion) was cmpdoved: mcassnerenls
were willin W% of tree diameder ot 2 displacement
o 320um fthe | ml volonw hall-depdle). Subsian-
Milly  preserer measorement errora wone asaceialed
witlh wse ol the Ingher power (0w wnd 18 =)
nbzeclives: which hind mch narrower depidhs of fickd.
In & subzequeni cxperuncil. mrgsunAanonl oAUy
vtk delenremed Tor i minge of microspheee sizes
il the I power [25 = abjeciive) magnificabion
froulinely wsed fon sermal Pwwurements ol growih
i solTinear collures), As shown in Figare 2. a
rapge of deleetion cMioenoes wis obserad, While
155 um diameter spheecs werne inedTwiently deteci=d
il heplwemeanly = 20 gme (data por shown),
spheres [P lwm in diwmcler aned  grealer wers
elhcrently  chetected gt F, displaccoents up Lo
51 am.

The Jdava in lahle I Yigute V. and Fipure 1
Its limitatiers of  measursment
dimetagnal atooos o wleager
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Figgre 1| Dependency of Fadll  ipzewrement

axuracy upon diene of mapriRcziien Ard obpa
urpthe-al-liskd displocement, Pulysivenr micrisposres,
e T1 L 53% sl apphied A0 the oarfaae of
wiil-igar cellure were measins] by npage arless ac
the plame af npiraal ocos (F1 as well ax mubiple
ks ol cnaplacoment eam Fo For o=en dep-ee el
magmlkatimm e imtrument wds salmassl o Fo,
caloalate maan diamgers il Z7- b TR remead
bry e =yt T e . T
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Digplacemarnt from F,

Figmre I [epmmulecy al” FAS-1] oumsunmcel arrursy apen deplb of el displacusnl and nociosplice
sire. Prbysryrene migrospheres apnlied tn the sunfuce af sall agzr culiores were measured hy image wnalysis
the bevel ol cpdimal foous (F) and mukeple levels of depbaoanaent dweelrme For el el 5 seccosphce sus,
BlAwe L (p 7% 04l), S0 10 4 500 6d), H0um T (= Bied ), 19 3pem P (2355 dl and 154 um N
14+ 555 e4), dbe inuimiment was culibrabed sl F, W o@lcolals oo sphen: dsamolers wishin 52 ol thae
seporbad by U imneladurar fyphess diamerers werified by mensucemsnr ar 2060 = waing a Leicz Phigwerr
mcrascape equipped with a colibraled reticubel Dacs depicied in the ligure Tepresent microsphene diaomelers

muavored o rodalion Le Lhas: delaclad al &,

milra eang Ve FA%01 image analyar with s
vwrenl opkal  coofipwaoon and  software.
Toaccuracy ariscs oor from lack of doection, but
wsiend Itom the computer-issisted gemeridion of
emaes which “approximte™ the sime andd dape of
smiall vaincular abpers, Meverlleloe, since Le FAS-
1l is capable of copstrwcting and mewsuring more
Uisn WU dewwele dnoge sias for oljoels ragisg
from 20 do Ghym io diameter (] piael cepresenls am
arca of Miwnd at 25, Unage nRASUICERND 5
procise™ for the objeces = 3 am o diemedes. Aa e
consequendce, the FASE appears capahle ol
detecing il reprielweibly anakpong wmooe ol
aparerates as small as Hham in dismeeer disinibated
within salT e gl ieres:.

Fodrme realvsis of rafary feradion by ool from
hicnmra dumonr corfiaoeas cell fides

In preliminacy experiments, imige  anabysis was
weed w0 oscaswe prowth of a humen  luog
carcipema el line [A-SH in sall.ages coliure.
Cirowih woil counts and volumes of cach of 4 size
CAIEEOriES mesured over e gty presenled e
Figur=s 32 and Xh The plots of grownh wnit
nwnbers as well az prosth onit cumulative velomes
sbow exponeoww] prowlh duciog The inilisl 6 days

of culiore and placcao phase proweh dorviog 10
Jubsequent deye. While prowih wnil cnumeration
provides & means o delermine pliting efinery
aod size disirbution, CAYA provides difforenngl
trlices of prowth us wel as the mlitive volume
vanlnbutl by wich s cilegery, inoadditaon (o
providiog guannicative enfonnamon abow coblores,
amul lneaus growdh omil enomenion o LAY A
demonsicaie qualitacive fearwres of soff-agar colony
Mormatsan by cells Irom humion conlinuews LUmaour
2el] Nions, While the ol nwmder of growih uots in
Mo EiFe catcporics resches a maximum within 1he
Mirst week, cumulaive growdh wmil o1 colony
vodunse colines w0 imercase for e Gese 2 wecke,
Similar prowth profiles 1o thal chown o Figure 3
wors observod Nor o homan shabdumynsarcoma
[A-204), v buown bladder 1rpsinonsl o] caocine-
my (A-IG63) amel o hwman renal celf cinanumg
(CoKi-1) {dats nor shown).

Eralvariva of grewidh by frenk fmmaa Jumower-deriyed
CEfs B SRl Qe raltuae

A rofal of 197 differesil conssecutive cvaluable fesh
burmmun lumour speamen cullurss were siodied by
the CAavA nethod. Aw oprample of the eral
measuremenis  froow & wypscal  caperinonl om
preseclesl oy Figore 40 Asscssanent of womler and
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wolume  of  viabbe [IMT-staiocd) oull yppregaus,
witkin muluple size catcpunes over e nraas e
tnelives of evcrall depres wrd ate ol proweh as well
a5 the nelive pondributen o eoch iz Lulegory 1o
Ikz codal growth umit valoe ol 2 given cultuic.
The overal]l distribminm aof iicial aod maximum
compltive @rowih unit volwowss meswred in these
7 paluzes i presented in Figuee 50 Dyl
woleanes of wable growih wiits ranesd fFom 0
o 435 I1F pmficutloe;  masdmum comdiative
wtumes rallged from % oo 105 « L ameulea .
Only 3 specimen culiuees filed Lo eahibii decoclakk:
growl ual camuldnve wolpmes @1 sone  lime
during dhe inital 14 duy incubation period. Annalyuis
al pruwth wang CAVA raethoddolopy for these 157
prueary  human  weeoue speciowen cublures s
Uepicied graphscally in Fipwe & |hese Gata are
sunnricreed o tabolsr lerm o in Table 1L One
hundred amd Gflv-Ave speoamens (7907 calibined
maximue cwrglalive prowth wou volumes which
werE  greater owerall  than  mibal  cumolative
volumes Suety-1nee percent of speomen coliures
showed a2 e o 2-fold ineregse im0 ovolwme, EF
shuwed 1 Hlold iecrese, 3257 shuwed an §fold
imrease, albd 0% of cultures showsd ar Legst a 18-
Ll increase in vodume. Similar iodices ol growth

ot -

e - r

[H

Faxirny i v lume [am el e
(]

Ixed

Bp_- N Ll ] ] ]
a LT [ wo et
aT=al wedumee | ey Dure|

Fgure 5 LCompooer-gsssiad  valome  gralyws  of
lunwan Lumone adr culiures. Pairs? daty Tor =uck Al
T ambsooutive evaduahle pruoary specimen gultures
1) und 21 e olt mussaged specaiwn cullures ()
ure  aegucbal:  Bach  painl mpresencs the ey
vamndarie Tolest And e mecinium seiiufidive sl
lur o given speviowen culewre Skagrwd durioe che
coll el i/ ancubarion dcpntulaawe velwme, Mo I
vigbde cell  groapsl  within Teplgni:  “prolikcdion
conernl” ewliuo: dushes

were observed irmespective of tlu groaweh oot s
szheeted  For soody. Fur opsample, axooshown o
Tabde I, groweth ndices for = Ham diancier
M= Mbum diabicter injeid” aee sieralyr to that
obseryed Do “a60pm hameter  mas s B am
digmeter milial 5™ However, [hece was o ranee in (he
incédencs and eviend of prowth depending wpon Lhe
g urigin Ac shown in Tihles Db aml 1Y, et
growlh Was soow n Jumour colore. orizinating
rons celveegeal. lung, ronad, and 2varian carcmaom;s
imd melamrms In vonlrast, goor growih was acen
fne lumowrs ceogamiomg fram she Termale breast aod
Jllaer lisepes,

Videme amadvsin af moff vpar cuiiares of D
e RGBTy

[0 a sulwequen) serics ol culiare amalvies, werl
eslithlished aod wnyl passaped twimoyr gssue o
21 homan tumssor sepoprafts cacrinl inoathymic
ey wins procesaed Dk IBe Lame madoer ¢ (ke dresh
human 1meur spedimens. Cherall privwlh sienoin
cultures of humwe Jvmour xoncwralls was preawer
than i ehserved jo cullumes derved Frnn Tresh
human tumow tessue (Table IV and Figurss 5 and
t). Fillyseven peroent of aenogrid] tunious culénres
ahawed &2 Jeast an S-fild inercase v volume and at
Yewst ime-third of the ultures showed 31 Loust -
fald iecTeine in volume belween the vl gm< final
meusured  growdh  uwit  curmulifive  wolunses.
Howover,  despite  higher  prowth  dices  Fos
weTapTH ET-passaged tomour eell colenmes, dnical s
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=% P Ifesatiun
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Maximaum voluma dpmYeuliurg)
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u o g n’ U I
Initial wolima {mrou b ral

Fgure & CGraphical depiction of erowth  wyilin
human wmaur cell guliuos. The zrowl ades af sach
sputmen eulowre copressed relariee wods indlial Wday 11
cunitdalye wlume iz indiulod by the ling mucgioed v
thilow vach respectivg dulu poani.
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maximim  cimiklive vobomes ol wihle aowih
wirts fell within the same ranmes observed for
primiiry Enllgmes.

Fawiitr (o e g fo sactoiued wiahifiny im sl -
cyar cell callivee

Imsspective o the homan Jumeor ool source
(continwous e owitro ocl lines. xenoprubts, fesh
speomenap, Thow duls isdicars thar thees s an
upper Jumit 4o the otul cumulative wolume of viable
agrawtl units which a 2m] Wlaver cobttore cun
tuslain during short-tesm {14 duy) incshation. As
dermnmstrawsl i Fienne 3, e cwaodacive vodoose
derected per plale {31 % of mowlh region evaiviled),
it l ot oaasmwm, caceeded s WY ot ooy
1 -;p-:c'in'b:n calyrss, This, the maximum curnulauye
valume of all wviaklde prowth opils within che ol
Iml balwwer colluns sysptn 5 oon the order @f
0¥ ym?. Lt ic toponiaod to neke 1kt the cumulative
worluspie of groswth onita (cell agpregates] initially
inaculaced into culture cuo somelimes wpproach s
lewel. Maresser, is slown in Fegure 6, 1he facr that
only  culiures  with  initiel  viable groweh  wm
cunwalutive vulunees <% 1OF g® exhibited growth
indices exceeding Lé-Fuld suwgests that gruweh i 2l
sufl-upar culiuees can be functicnally compromissd
by initinl cumulialive growth umt solwoes wluclh
are new ordeer of ahagnilede Iess thao the wpper
linul.

Iumesion

Due 1o 1he inviedible iowulation o colturss with
smill cellular aguiceaes, wne grandard procedwre
beg, Alley & Licoer. 19844, 1) has been (0 count the
nuomber of colooies initglly seded awd Lo express
prowth on the buasis of nel nuoaher of colonics
whigh exceed wn arhitrary thocshald size (eg, bum
divmelec). Whike colony connlz hawve been muade
mesre ubqecteve and repeodocible through sse of o
compucerized  enumeTwlion deviee {Saluon er af,
IYed), ome tan gquabon (e appropoatensss of
smple counting procederss appieed w0 coliuess
which imually vemninn an indewsrosinae number of
varicns abeed  cellolar appregeles  below  colemy
thrediald size. For chis and other  ceasons, wur
group aod other investigators have maemily cun-
syfersd gthee epdpuoints fue wscssing tumeoor ozl
prolicration and drug effects in primary solloagar
vullures In Lthe proscal eessnipabione besed apon
EOCouTHEing  peeliminacy clata [Alley & Leiber,
18], it seemed of intecess to mors [ally utiliye the
Bausch and Lomb FFAS-I1 Image Analyeer i
accnunl far cellular apentearcs nitially sesded as
will as to mepaurs cobooy farmution over e

Whitl chionge im0 enlony orogrowth uaic volune:
"meuns”  in o dertns ol ppmber ol lomour oell
divisivmg e dndeternsinats ooy this ype ol volome
poalysic. Relating 1he changs in mepsured growlh
weil viduoee Wr the clanpes o wmasar cell pumber
requirss o much more  detiibsd  ewvperimenial
pootaad, such as thad weed by Mewskens nnd
voblegpaes [Meyskens o0 ol 1984 Thoneen & ol
L8 dur, bip. These investipators visually imspegiext amel
alaed @ lagee numbwr of wetoowe ] coloniss. They
ulst eatmicled sndivedunl conlimes Trsm Lthe diZdl b
cuwnl and  pmecasuce the jodividust romour cally
m.aijng up the colomy  Oiirelul missurenents
enahlost then o consoruce mathemaricat Formules
which relate powth onil daimeder, ceolume, aud
imelividwal Tweerar el size {beyskens eroal, 14
Sime, i Fheir yuaoilatalive docoracrtation and our
qualitetive nssessmenrs, 1he sive of hemonr ceBls sl
theu packing vsiio within aofi-apar colonies vures
erlensively, iL 1% ool serpreang Biee e nwnber of
tanoue cella withun & piven peowth unil and.
c-nnam.]ul:nll}', e npmber sl cell chivisins
corrsponding 1 2 piven naswiond salwmne clanpc
vuries markedly 'rem Jomaur T lamonr.

Deigwne  the  limications deserbed  abwews, the
CAVA melhoclalowy perionts straaghl-forwand and
abjective cvalustion of growth s shorl-lerm chi-
Aot cultons= ol homan sulid wmoues. With chis
methadolapy, ir i possibe o measure and somipa e
ihe namber and welyme of wiable growth onies o
mulbiple s cuegorics al any tine doring culodre.
Tor contrast, 1he sraodard method for scoemng satl-
apAT culruTe p:rfunn:gnu: ap dex The prseonl Linie leas
bheen o cownl U nomber of swwouwr e2l] coloniss
posiler than a siogle fined size | = & pm dunneler
has been wiglely wawel] ws wn jdex ol onour cell
groswll. Tlig lxed, arbdtcesy gize for evaluuling
caliwre performance teemed bess Thim el 41ous
gincc the oumber of tumour calls which mike up a
) pro dismeter widuay s Jughly sariahle ideyskens
et al, 1984} and ainee ouliuezs indtiaily seeded wilth
muny prowih unils gust beluw 6w diameeer
appar i poliferane well, whersas crelnres seelesd
with smaller growlh wnil appear 10 pralferats
perrrly. The CAVA medhod is less achittory since 11
allowe documentiion of 1he number susd volure: of
ourmour el growth wndts anidially geeded. Soch an
abjedive  aseswneat of  the  nitial  culours
inewdative 12 ol availabe theough the npplicatian
of odher methodalngies 0 nanuor ool sws aesions
preparcd [Ton bwnan sobd wmours.

Ir clarel grawdl freem Imwe senple c=ll o nspensoon.
t beld e be an gbsclule reguircmoeos for the
rirrer aswmsment of humen solid iwoows, the zoli-
agar colooy formetion eseny cen be  applisd
surcsssiully 1o very Iew esh Lumimr specinens. To
our vaperienae, very lew of these sinple oell



suspensinns |prepoted by [ltration dthroogh 30 om
pore dianxee helen weshp can the wpaoly
farm mllicenlar growah ooils in sofi-agar culiums
daprrer e al, VR In contrast, hwman imeaoar el
S-l.I.‘GFH.'II:‘iii:IHH whrech oonbiiin o nroparion of small
lamour  cell upprepaies {prepared by Glration
Lhrougly 4% pm pee diaometer nelon mesh] dn
mrelilzrace Far 4 short fime in seft-apac cultuores.
Alhoogh this ewltuee metholsheey s “les Than
Irzorstical [y edeal™ {Sctber ¢ alt. 130 the magority
ol haanan i winisr specimens coltureg in this
lashion exhibil ac least macpinal groenth (grewh
edices =2 a0

A amgen acviarmigge of CAYA i thal 11 permits
moce canfident inberpretation of whe overall growih
protiles o primary culiures. Marcoyer, gino: the
eslent ol probferanen of 1fumeur oolls appears
lEmiced kil dmilial  cvmubimwe  powih ool
volume mifher thon by the indtial ocll ownker.
quantitativm by sueme type ol wolyme messeremeni
seems ta e o highly eppropriale codpoinl, CAVA
incintes 1Fie the maximum cumulatye volume of
viahle werwih wiits which @ 2ml yudlice can sustein
i= on the order of WP pm? and Lhal sigmificant
prubiferition (grnwth inglives Z 16« § ooours ondy io
cullurcs  continting  imtial  comyletive  wolumes
= 1 pm!. Such upper limits 1o carcying capacicy
aid grewth wisdeowone the imporiimes of wssessiog
uenalative cell volume priot oo snoclalion.

Betuwpse of the numeroos dechnical problems
encenanters] in commfing colonies in oqofi agar
culluees of fmesh hioman jumout ells. Lhers bus

Helvrmues

ACREZ. MV, KOVACKL 15 & LIEBER. WAL (1932 Cell
Rzprepakes in the sefc ppar Slooan oeoer slem-ell
sy, #r S Coweror, 6, ER.

alTFY WC, I CR & CITICE. MM MUHIE Impoovsd
delection of drug cptolasicily m ke saft.agar celeny
farmntion Azsre Throweh e of A awwbrlsable eoa-
eulimen als, Life Ser . 30, 3071

ALLLYT. MA. E LILBLE, M.M. {I19847]. Tmpraved npbical
density o crlemy enlwrgemwenr AR drop cyrorouiciry in
pruiary wofl apar wulleres of bwman solid  tumowr
cells. 8r. I {rmver, 49, 235,

ALLEY. W& & LILLLE, WM.M. {19Rd%. [ug applcation
o andac; of wof-apares: ool cullona, Jo Humee
Tumar Clemng. My, Salmon & Trenol Grme £
sirauan. Ow. Mew York po 205,

ALLE¥Y, Wie. & LIFAFR, MW 1190 Aeszonnal o
prowdh and drag somativily o primary sall agar
humzn fumar cely culoress by comppeerisad - veluane
angdvns, M. Am. Doeeer Res.. 15, 175,

FRIFTIM AN FUM & CLALDIGLE, e L. (198D, Avsessnenl
=l i ridne drag senstivity of homan timonr colls yicing
H Ry nndine incurpomalivn in 2 modiBed human
lurmur sbhom <)l assay, Coreer R, 42, 4655,

TIMOURE COLOMY YOLATME ARALYSIE |

beem o trend Tecenily lowards sconing mowth on
the basin af other indices, auch as  Uepidiae
imcorporation which is indepenadend of Lbe size of
initislly seeded coll sggrepates  [Fricdman &
Cilaubmp=r, 1982; Ichihashi ez ol 1954 Shosmnker
rf af., 1982: Tonipaws er o, P92 Experiments in
crwr lubwralory are onderway o emally compore
endpoints of powth aopd dmg censitivity by aofl-
agar  oolvay  Mmmatsn assaws amalveesd by
“conventions]l” colony coumeration, by thymidine
i1'|-|.'|1|'|'l11|111m|1, ancl Ty 1he oo CAYVA
oetbodelooy. In addition, wc have cosploped the
CAYA techmigue Lo slady i wire chemescensitivity
lzsting with u Jurpe number of standard ancicancer
ageats in ullures af fresh buman sumour specimens
(Alley & Taeher, manuserpd in preparilion).

TF ithe porpose of soll-appr coliay Murmatnn
0558%5 i 1o moeasnere prowih and offoct(=) of anli-
mrelleratve apenls moprimary Lumour cell cultares,
computer-gssiated  walome  apalysis  appoars o
provele odnertive, non-arbilmmy indices 1o evaluate
Lse seaudes of such eaperiments.

The authars wish 10 acknreddge preprmfion o Boman
olid nwmear spevicnds by Ui paiholegy sl ol S
Wary's lloaplal and Bochesier  Msdhedist Haepilpl.
cullure amd ehewnusasanyity taling e Marp  Acdams,
Timdn Trater, Sue {rpeman. Sbaron  Guy.  Daac
Wathiesom, Limda  Sreines nmd  Carol Whide, and
manern preparaticn by DMane Hamy znd  Toli=
Schanir,

HAMRAURLGER., AW, & GSA1MON, SF I'I"I'W:I ]"‘:|||:p_-|r]-
Encassay ul’ buman Lumor slem celx, Sewrew, 107, 461

MCHIHARHL K., KON T. SAKAKIHARA, 45 A&
WATANARE, T. [[034]. Appleation ol radivaciive
precarsare e [he cvaluation of sen=glivity af cancer
wells 1o anboancer draes. Sanadmay. 1, BB,

XRESSMHFR. A.E., MORTOM, RA A . MARTLAY AL & 5
cdbesra. [I'BED). Us: wf an imape amaivsis syscem #o
vuunl coluniss i stem <el] asenys af humas Linoors. In
Clanaey o Hemgd Pumor Stem Cetls. Prieg. 5. Ml
Mex. . 4, 170

MEYSKFRR, FL Jr. TITOMISOM. 5P & KUMEE, TE
t15%d). Quantitation i the nomber of eclls within
amar aobis i wimsalid mediem arkd their graweth
ius ablabe spheraids. Cinreyr Res . 44 271

EX1MON. 5T & & afbews. [1%Ed). Lvaluation af ke
(hmaicen Imoge Aralysis Swstem For countng buman
tienol ook, o Mumer Teoor Olouma (Tds.
Salmen & Trenot) Srone & Suwion: bew Tark, p.
163,

SELRY. P, ALK, BN & TANMOCZK. | (L9830 A crifical
appraal o Lhe “human fomewr sler-crll sy ™ %
Crel. . Med, T8, |20



114 WO ALITY &3 A LIEBER

BEOLEMAKFR, RAL. HEEL 111, MoLAaCHLAR. 25 &
HARLLIES . LL. (1487 Mewsgremenl ol temor caaloany
prowrh asd drug gepbisity in dof-agaro culiue
toing & radiaisaop method . Srm Celty, 1, 321,

LATOAWA. M, KEHM, MH. HIEKASS, T & MORITON,
WL {19R7) Rapsd assay for mialuating O chems-
sengiiity o huoan luoesd inosatl Rgor cudires.
Cpdenr By AX 215Y%

THUMSOM, 5. MEYSKLHS, FL Jr & MOON, TL.
[FIRdzp The kmulhs, ewleol aml fimils o celwiar
prodiferativn wirhsn Lhe glonopeuic Ausay. o Haosar
Putewr Clanmer, yEds. Sl g Treon) Grows d&
SLrariem: Fce Yok, o5l

T SN, SP. MOOH, L & METSRFWS, FL I
(YRS Kinetio  of  caougens melapiema el
prodferation aod 1he lioute an prowlh wilnio a bilupee
ogar swapem. Ol Phpsd .1,



