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I Introduction

Α method tor cell mediated lympholysis (( Ml)

IKIS been developed in which i.arbox> fluoreseein sub

stitutes tlie radioaetive ehiomium label 11 2 | Hcic

we repoit more extensivelv on llie eompanson ol the

resultsobtamed in the fluorochiomasid assa> a miero-

C ML jssay read with an automated miciolluommeter,

and tliose ol the [ 5 ' ( i | relcase assay 1 he stand ird

dcviations ol the release percentages are smaller in the

chiomium assay than in the lluoroehromasia (( I )

assay However resnlts obtamed with both methods

give identical positive and nt-gative asMgnments In

nur opinion the fluoiochromasia ( M l is an attractive

alternative lor the chromium method and has some

m i|or advantages (1 ) no radioactivity (2) the lequne

nient ol lewer ellector cells, (3) speed ol procedure

(short labehng time, simple wash protednres) (4) last

readmg ol resulls in an automated miuofluoromettr

and (S)economy We also di.seιibesome nuxlilications

of llie ongina! method vvluth apart Irom increasing

the sensitivity ol the assay simplify even moie the

technique

2 Materials and methods

2 I l Jfcctor icllpreparation

I tlcttois wtie generated in a one w ly mixe d lym

pliocyte reaction (Ml R) essentidlly as dtscnbed by

Goulmv p | Brief!} 107 asponder and I 0 7 in idialed

slimuhloi lymphoLvtcs (2000 R i d ) w e n tullurtd lor

0 da>s in a huniidilitd V ( () 2 intubatoi it V ( in a

λ{) ml ll.isk in "Ό ml uilluii. und min (RPMI !(>40

2 mM glutanune 100 I U /ml pcniullm and 100 Mg/ml

streptomycin supplemented with 20'/ pooled AB

scrum and 10 mM Ilcpes (linal concentration)) Alter

nalively 106 icspondei and 106 stimulator <_ells were

uiltured in ( ostar macro well platesm 2 ml vols Alter

liKubalion cells were centriluged at 350 X g loi

10 min, the supernatant deoanted and the eflector cclls

lesuspended in cultuie medium at the appropriate

toncentiation

2 2 larget cell preparation

(ells used to set υρ the MLR were eultured alone

at aconcentiation ol 106/ηι1 in 10 ml of tulture metli

um On the third day 0 1 ml of phytohaemagglutinin

(I'HA M) Batto-Dilco was added givmg a final con

tenlration ol \'/< PUA On day 5 8 ml ot ihe super

natant medium was replaced by fresh medium Ihis

was donc to have no aggregates in the larget cell sus

pcnsion on day 6 Ihe absence ol dggregates is essen

tial (oi repioduuble dispensmg ol cqual numbeis ol

target cells in the wells ol micrötest plates lor the
fluorochromaiid assay 1 or the chiomium assay the
medium was not relrcshed on day 5

~> ~Ί I abelmg of target celh

Target cells were collected by centufugation lor

10 min at ISO Xg and washed twice with Hanks solu

tion f inally the cells were suspended in 1 ml Ireshly

prepared carboxylluoiestem diacetale solution in

RI'MI (final concentiation 40 pg/ml) and meubated

lor IS mm in a 37°( wateibalh Aller labehng the

c(IK weie washed onee with RPMI and icsuspcndcd

11 ι < onccniiation ol X X lüVml in prolcin lice
RPMI(oi iliernalivi ly compk-ie nndiuin sec Resulls
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w a t e i b a t h w i t h s h i k m g i l t t i 10 n u n ΛΙ tei labt_hng

t ' i t t a i g e t s w e i e w d s u e d i w u e w i i l i l l d n k s d i u l i t s u s

p e n d e d in c u l t u i t i n o a u i m dt d t o n t e n t u i t i o n ol

1 0 5 / m l

2 4 / luoracluoniasia asscn

4 0 0 0 C f ldbeleü tdiget teils in ^ μΐ piotein liee

I Links solution weie apphed to eai.li well ol a Feiasaki

type miciotest-tray with a Hdnnlton synnge Tbc trays

weie spun loi 5 min at 3*>0 X g loi lixation ol ihe

taigets The wells weic flooded with t o m p l e t e m t d i

um and ditei standing foi 5 min with ot tas ional mix

mgby tiltmg, the tray w a s d e t a n t e d and gently llitked

Ό lemove most ül the lluid troni the wells Positive

ton l io l values weie obtained by ledvmg at least one

ol the wells without target teils To wells ton taming

taiget cells e l l e t to i teils or negative cont iols weie

added in 10 μΐ sdinples Negative t o n t i o l s v\eie heat

tieated e l l e t t o i cells ina iba ted loi 15 min in a 46°C

vvateibdth To avoid d e t a t h m e n t ol the lixed taigets

the samples weie not n i | e t ted into the wells bnt d iop

lets weie loimed at the needle tip ol the Hanulton

synnge and apphed by t o u t h m g the well u m The

tiays weie then t e n t n t u g e d loi 2 mm at 150 Xg iead

in the duiomatic. l luorometei and meubdted m a

humidilied S'/< ( ö2 ma iba to i at 37°( lor 4 h Altei

ni tubdt ion the tiays weie t en ln luged at 400 X v, loi

5 mm and flooded caietully with phosphate bul leied

sahne <PBS) tlowmg heely liom a synnge bdiiel with

a 1 mm needle to elute leleased Γ F Altei removal

ol the sahne by detdntat ion the tiays were iead dgam

in the automated l luoiometei The readmgs in one

tray, wluch always mtluded negative and positive

t o n t r o l wells were noimahzed by the t o m p u t e i pio

gram in pertentdges Ihe l luoiometei ieddmgs beloie

ind after ineubdtio»! weie retoided The lattei leadmg

ol eadi mdividual well wdsdivided by the tust l tddmg

The latios ol repucato wells weie dveiaped and used

as a peiuentage loi the calculation ol the peicentdge

le'ease with tl e foimula

mean test \
ι Χ 100

mean control /

2 5 Ouenching of medium fluoieuente

l lythrotytes (human) weie washed l times with

PI5S nul the ()dLked teils ly/cd l>> het/e thawing -

Altu Rinoval ol the teil debns by Ltnlnlugalion loi

10 min at 800 X g th<- hemoglobm solution was du

ly/ed agamst 1'liS loi 48 h The concentiated hemo

globm was stoied in small vials dt 20°C At the end

01 the mtubdtion penod 5 μ\ ol a 4 mM isotonic

hemoglobin solution (clantied by tentiilugdtion dltci

dilution ) wds dpphed to edth well by tipping oll pie

loimed dioplets iiom ihe synnge needle(s) Diffusion

wds allowed loi 10 mm at loom tempciature altei

which the teils weie packed by tentulugation at

400 X g tor 5 min The mitrotest trays weie iead in

the dutonidted lluoiometer and the peitentage lelease

taltulated as dcstnbed in 2 4

2 () Chroimum release assay

Hlettoi teil suspensions (0 1 ml) and taiget teil

suspensions (0 1 ml) were ddded to the wells ot a

mitiotitei tiay usinga Hanulton synnge The tidys

were spun loi 2 nun dt 150 X g diid intubdied loi 4 h

ina humidilied *>'/ CO2 mtubatorat 37°C Attei niui

bdtion the tray» weie tentnluged tor 5 mm dt 400 X ^

Supeindtants were harvested using a commertial supei

natant harvestei system and the samples tounted in a

7 counter Seaile 1195 The tounts were used to tdl

tuldte peitentage lelease using the loimuld

evpeiimentdl medn spontdiieous mean

maximal mean
X 100

spontaneous medn

By plotting the per cent leledse vdlue dgdinst the logd

n t h m of the idtio of e t l e t t o i to tdiget teils one Ivtit

unil (LLl) tould dibitidiily be delined ds the numbei

ot e t te t to i teils whi th ly/e W/< ol 10 4 taiget teils

Q s i ( i | ( M L ) oi 4 Χ 10 1 taiget teils (C l· CMl ) with

in 4 h

2 7 Automated rmiroflnorometer

Inveited epi Illumination fluoiestente mitiostope

(1 eit/ Diaveit) equipped with an automated stagt

dnven motoi by steppmg motois (Leitz) and a photo

multiphei (/eiss) entdsed in a blatk plastit box with

tountei balanted door Digital hquipment Coipoia

Hon PDP8/L tomputei (4k memoiy) high speed

paper tape icadei and punth and a leleprint W

wnter Light souite IS a 60 W tungsten lamp mounted

outside the mitiostope box and ied fiom a stabih/ed

18h
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2 8 Lymph(K) u donors
Healthy donois wue used whieh weie (>ped toi

HLAA, Β Γ and DR antigens [4 ·>)
Part of the woik shown heie was done in the ton

text ot the Third huropean ΓΜΙ Workshop lield in
December 1979 in Maiscille (6 7]

Cells weie seletted trogen and shipped irom Aarhus

2 9 Statistital anal] sis
Standard deviationsot the lelease percentages weie

talculated !or the thronnum and the fluoiochromasia
assays using Fuimula 1 and 2 lespeotively

/ onnula I

(lablc 2)show ι ̂ ood contoidanet between both
Itümiquts

All tytotox.it icactions tssentially paialleled eaeh
othet in both assays Ihtie aic some disciepanl itac
tions howtvti in paiütular the lit toi taiget l is not
tomplete lins is piobably due to the tact that the
taigets ustd in the tonipanson test, weie handled
shghtly dilleitntly lor both assays r or the fluoro
duomasia assay the medium ot the PHA eultures vJas
replated by tresh medium at day 5 while this was not
done for the chromium assav Sinte trozen teils were
used the blast translormation might not have been
optimal lor the targets in the lluorochromasia assay,
resulting in a suboptimal taiget cell preparation
AJternatively, the dillerente is due to the fact that
the targets were taken trom two ditferent cultuie

.ρ max γ __ ι exp spon
(vanantt (exptrimtnlal tpm))2 + I I X vartantt (spon tpm) ι I I X varuiut (max tpm)

max spon I \ max spon

/ onnula 2

sd ( I
txp \

2
 j vinantc (txp ) vanantt (tontrol) \\

I X I +
tontrol / \ txp tontrol

exp

tontrol
(Variation totttititnt exp )2 + (Variation totltititnt tontrol)2

3 Results and discussion

3 1 Comparnon of tht Jluorotliromaua and thromi

um assay
In oider to asstss whtther the tluoiochromasia

assay and the thromiuin assay give identical rtsults
clfectoi teils wert madebetwten rnembtrsol tamily Η
(fable 1)

Sib(2andC4 which aie HL Α Α Β ( and DR
ldtntital and ML( negative (data not shown) weie
ttsted both lor respondei and stimulator tapatity
The ellectors used Ιοί the companson test tarne Irom
one stock susptnsion and weie testtd in both assays
on the samt day The results expresstd in lyiu ^ nts

llasks The leattions on the other 5 targets wtre not
disturbtd by this piotedure

Iheiesultsof the C I CM Land p'Cr] CML tan
be compared in an other way, namely by plotting tht
speufie reltase ptittntages in a toirelation diagiam
This iesults in a tlustei ol pomts thiough whicli a
regression line tan be projetted as shown in Pig 1
The regression line has a toelfitient ol determination
r ~ 0 89 Ideally the eoellicient ol determination
should equal 1 Hits demonstiates also the tontor
dante ol tht speutu telease peitentages in both assays

Our laboratoiy also partitipated in the third (ML
Workshop whith ainied at standardi/ing the ( MI
techniquc |6 7|
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1 a t l u r
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C luld 2

C luld 3

( luld 4

a

\ l
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l!R ( w
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DRv.6

URw6

Aw24 Bw44 ( wl IM<w2

Aw24 Bw44 (wl DRw2
Aw24, Iiw44 C wl DRw2
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A3 B7 (w DRwl
A3 B7 ( w DRw!

Aw24 Bw44 Cwl ORwl Λ3 U7 Cw , DRwl

AI BI7 1 Cw6, DRw7
AI B17 1 Cw6 DRw7

In but l Ihe scheine ol the wotkshop was such

lhal ill paititipaüng laboratones used the same teils
c'istnbuteci by one ol the tentt is and used Standard
!/td icagents (medium stium and PI1A) SixelleUoi
^ombinations wtie tested on 5 taigets in pnmaiy and
setondary (ML usmg a standaidi/ed piototol [7 |

Ihe results ui the fluoiothiomasia and Lhiomium
iss ly perloimed in the Leiden laboiatoiy aie shown
π1 i ig 2 Tbc regiession iine pioietted has a coelfi

„ient DI detemunation r~ 0 81 Ihe concordante ol

the tytotoxit reactions is veiy good taking into

attount ihat the ellettor and target teils used canie

KMP citiertnt bulk tultuies and weie tested on sepa

rate days hör Uns reason the toethuent of determina
tion,/·, lor the Workshop CML ts somewhat lower
than lor the lannly (ML

3 2 Analysts of Variante
Ιο deteimme the Variation in the speufit lelease

peitentages obtained in the lluorothiomasia and the

thiomium assav the Standard deviations were tal

tulated using the lormulae shown in 2 8 It is tlear

(hat the thromium assay has a lowei Standard devia

tion (mean S D = 1 04) than the (luoiochiomasu

assay (mean S D = 2 97) lor the lamily CML The

Workshop CML gives essentially the same result

I llcctors

( 1 \ s ( 2

( 1 v s C 4

( 2 vs Μ

t 4 vs Μ

C 1 vs Μ

( 3 vs I

I iblc 2
( oni|nnson ol ( I md [ ' ( r| ( Ml in 1 umly I

'C r

( 1

( r

( I

t I

•C r

( I

Cr

( I

s Cr

t I

Μ 1 ( 1 ( 2 C3 C4
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I lg 1 Correlation diagram ot lelease percentages in C-l and
["( r| C ML ot I amily 1 1 ach point represents the release
percentjges at one dilution (40, 20, 10 or 5 1 etfector target
ratio, respettively) for one ettector on the corresponding tar-
get as measured in both assays The regression line is projeeted
through the tluster ot points, r is the coettiuent ot determt-
nation

5 0

4 0

3 0

2 0

10 ' ;.

' . ' 10 2 0 3 0 4 0

% spec release

I ig 2 Correlation diagram ol release percentages in C-l and
P'Cr|-CML assays. pertormed tor the Thud Kuropean CML
Workshop The results shown are pertormed in the Leiden
group (see also legend tor 1 ig 1)

lable 3
2 x 2 Analysis ot assignments

t M I WorkshopJ Γ CML

C-l vs M (

' C r L e i d e n vs ' C r

" C r A a r h u s v s ' ' ( r

M a r s e i l l e vs " C r

" ( r M u n i c l i vs b l ( r

II 1 a m i l y I

C I vs "•'C r

Leiden
Aarhus
Marseille
Munich
Oslo

Aarhus
Marseille
Munich
Oslo

Marseille
Munich
Oslo

Munich

Oslo

Oslo

14

17
14
19

5

13
lü
15
6

13
16
5

15
4

1
2

3
0
6

2
3
0
5

3
0
4

0
3

1
0
1
1
1

0
1
1
0

2
3
1

3
1

9
II
7

10
8

10
6
9
9

7
11
10

7
7

0

28 0 0 8

•'Results based on assignments made in the I hird I uropean C Ml Workshop [7 |
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S D = •? 87 Although t he enoi in the peicuilage

ey'otoxiuty is gieatei loi ilie ( I CM1 lins is nol

lellected in thc positive 01 negative assignnients ol

the reactions ((able i)

When companng llie data obtained m ihe Ihucl

! Miopean ( Ml Woikshop, llie icsults ol the C \

( MLcannot be distinguished Irom those ol the thio

mium ( Ml assays on the basis υΙ the numbei ol dis

ciepanucs

Betaute ol the exeellent agieement ol positive and

negative leactions we leel the carboxylluotescein

t M l is as lehable as ihe clnomium lelease CMl Des

pite the gieatei standaid deviation in the speulic

lelease oeieentage, the 0 I (MI has so nie nuioi

advantages No iadioactivity is mvolved, wlule the

eaiboxylluorescem diacetate tan be made cusily honi

u>mmetcidll> available carboxyfluoiescein | 1 | About

iiall the nuniberol elleetoi teils is lequned compaied

to Mie cliiomiiim assay Label mg ot targets takes less

tmie and the waslung proceduies aie simple [ogethei

wüh the last leading ol the lesults in ihe automated
iniciolluoiometei (I min/tia> ) the pioccduie is mach
'jster tlun the chiomium CMl

ι } Modi/iLations of thc Jluoiotliromasia as\a\
I he η lost mconvenienl ρ iil ot llie fluoiodiiomasia

issay s tht lixation ol Ltigei LOIU lo the bottoin ol

ihe WLIK in thc iiay Nie pioti-duie is iclatively tmie

Lonsinning and labonous Ihtit lore it was attempted

lo use the same pioteduie as loi llie iJiioniium assay

ι e simple iiuxing ol el lectois and laigets in the wells

vvilhout puoi lixation ol the Uigels I h e lesults ol a

C MI with taigets lixed to the well bottoms and tai

geis mixed with eltectois is shown in 1 able 4 lt is

Jeai that the specilk lelease is greatei in the lattei

method

II taigets and elleUois aie mixed the highci c> to

loxiLity is possibly a lellection ol a bettei eontaU

between the ellcttors and the ielevam targct cell anli

gens When the taiget cells aie lixed lo the bottoin, it

is reasonablc to assunie that a smallei piopoition ol

taigei cell antigens is availabie loi the ( Tl s to cause

alytii. event In oui expenence the higher (.ytotoxiuty

is reprodutible and since this modihcation simphlies

the pioceduie ol the fluoiothromasia method we

luve now adopted the nuxing as Standard technique

f-or the linal prepaiing ol the trays lor measuie

ment theie are two options, the lemoval ol the

rcleased C F by leplacement ol the medium υι the

addition ol a substante quenchmg the medium lluo

lescente without too much loss ol cellulai tluoies

tence The latter approath is possible piovided the

quencliing is achieved with a high moleuilat weighi

additive which does not entei the hving cell and the

sedimenied cells aie measuied with an epi lllumma

i j h l c 4

( 1 1 i n ρ u i s o i i u l ( I ( M I i s s i \ s w i t h Ι 1 1 _ c ι L L I K l i \ i _ i l l i ) t h i _ w i . l l b o t I O l l i 0 1 n u \ i . d W i l l i U l i L
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1 1 5

20

6

II
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1 l a r y c i s t i \ u l t o t h t wel l b o t t o i n

s a n d e ! I t b t o i s n n \ c d



1 ible 5

(omparibon ol medtum repldei.nn.nt and fluorcsct-ni-t

quinchine witli hcinot-lobm

lffectord target

01 vsC2D

Cl VSC21-

Ci vsC4 b

Cl v s ( 4 c

C2 vsM b

C2 vsM c

C 4 vs M b

C4 vs M e

5

3

1

11

10
29

Μ

22
27

27
31

38

27

59
61

C 1

4
4

4

9

43

31

57
64

C2

25

31

35
36

3
- 4

2
6

C3 C4

30

29

41
32

16
16

23
25

32
36

3
4

1

9

d [ ftettors wert madc between members ot 1 amily 1 (see

Table 1) and tested at 25 1 elfettor ίο target latio
bpercentage speulic relea«. obtained when hemoglobm was

added alter the Intubation to ciuench the mtdium fluores

tente
"-Percentdge speutie release obtained when alter the ineuba

tion tht released C 1 »as removed bv rinsing with PBS

tion, inverted microscope As shown in Table 5 the
addition of hemoglobin to quenth the medium fluo
rescence led to results ldentical tu those obtained
by rmsing of the tra>s with medium The advantage
oi the addition of hemoglobin IS that ditleienees in
fluoiescent hght Output due to variable quenching by
„ontammation with erythrocytes ot the effettot cells
disappear b> the very quenching ot backgtound fluo
lescence The addition of hemoglobin aiso avoids the
possible losb of cells seen occasionally after the final

nnse Although our expenence is limited we feel the
hemoglobin quenching method is a good alternative
ior the waslung proceduie used so fai
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