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1 Introduction

A method for cell mediated lympholysis ((M1)
has been developed in which carboxy fluorescem sub
stitutes the radioactive chiomium label {1 2] Heie
we repott more extensivelv on the compartson of the
results obtained in the fluorochiomasia assay a4 miero-
(ML assay read with an automated microfluorometer,
and those of the [*' (1] relcase assay The standird
deviations of the release percentages are smaller in the
chromium assay than in the fuorochromasia (C | )
assay However results obtamed with both methods
give rdentiedl positive and negative assignments In
our optmion the fluotochromasia ¢ MU 1s an attractive
alterndative tor the chromium method and has some
m yor advantages (1) no radioactivity (2) therequite
ment of fewer effector cells, (3) speed of procedure
(short labehing time, simple wash procedures) (4) fast
reading of results in an automated microfluorometer
and (5) economy We also desciibe some modifications
of the ongmal method which apart from increasing
the sensitivity of the assay simphfy even moie the
technique

2 Matenals and methods

21 Fffector cell preparation

[ tlectors wae generated i a one wiy mixcd lym
phocyte reaction (M1 R) essentially as described by
Gouwlmy {3] Brefly 107 responder and 107 i idiated
stimul ttor lymphocvies (2000 Rid) were cubtured for
6 days i a hunudilied 577 €Oy ncubator 1 37 C g
30 mb flask m YO0 mil cultare medmm (RPME 1640

2 mM glutamme 100 1 U /ml pentallim and 100 pg/mi
streptomycin supplemented with 207 pooled AB
serum and 10 mM Ilepes (tinal concentration)) Alter
natvely 10° 1esponder and 10° stimulator cells were
cultured m Costar macro wel plates i 2 ml vols Atter
incubation cells were centrifuged at 350 X g tos

10 mun, the supernatant decanted and the efiector cells
resuspended 1n culture medium at the appropriate
concentiation

22 larget cell preparation

Cells used to set up the MLR were cultured alone
at aconcentiation of 10%/mln 10 ml of culture medi
um On the third day 0 1 ml of phytohaemagglutinin
(PHA M) Bacto-Difco was added giving a final con
centration ol 1% PHA On day 5 8 ml ot the super
natant medium was replaced by fresh medium This
was done to have no aggregates in the target cell sus
penston on day 6 The absence of aggregates 15 essen
t1al fo1 reproducible dispensing of equal numbers of
target cells in the wells of microtest plates for the
fluorochromasta assay T or the chionuum assay the
medium was not refreshed on day 5

7 3 Labeling of target cells

Target cells were collected by centitffugation for
10 min at 350 X g and washed twice with Hanks sotu
tion Finally the cells were suspended m 1 ml freshly
prepared carboxyfluotescemn dracetate solution in
RPMI (final concentration 40 ug/mly and mcubated
for 15 mm m a 37°C waterbath Atter labeting the
cclls were washed once with RPMI and tesuspended
HoLconcentiation of 8 X 10%/mln protein fiee
RPMI (o1 dlternatively complete medium sce Results
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33) For the Croacdese assay tatgets wore miaed with
100 uCi Na» S GOy ind meubated for 1 hma 37°C
waterbath with sh thing 1fter 30 nun Afer labehing
the tagets were wasned twice with Hanks and osus
pended m culture nmearum at a concentiation of
10°%/ml

24 [ luorochiomasia assay

4000 C I labeled target cellsin 5 gl protemn fice
Hanks solution were apphed to each well ot 4 Terasaka
type miciotest-tray with a Hannlton synnge The trays
were spun for 5 mun at 350 X g tor [ixation ot the
taigets Fhe wells were flooded with complete medi
um and after standing fo1 5 min with occasional mix
ing by tlting, the tray was decanted and gently (licked
to 1emove most of the flind trom the wells Positive
contiol values weie obtained by leaving at least one
ol the wells without target cells To wells contaming
tanget cells ettector cells or negative contiols were
added 1 10 ul samples Negative contiols were heat
treated etlector cells meubated (o1 15 min mn a 46°C
waterbath To avoid detachment ot the fixed taigets
the samples were not mjected into the wells but diop
fets were tormed at the needle up of the Hamulton
syunge and apphed by touching the wetl vim The
trays were then centirtuged for 2 mum at 150 X g read
in the automatic fluorometer and mcubated 1 a
humiditied 5% CO; mcubator at 37°C for 4 b Altey
mcubation the trays were centitfuged at 400 X ¢ for
5 mun and {looded catetully with phosphate butfered
salme (PBS) flowing tieely from a syrnge baitel with
a 1 mm needle to elute released CF - Alter removal
ol the saline by decantation the trays were 1ead agam
1w the automated fluorometer The readings in one
tray, which always mcluded negative and positive
control wells were normalized by the computer pro
gram m percentages The {luorometer readings betore
ind after incubation were recorded The latter 1eading
of each mdividual well was divided by the tost 1cading
The ratios of repincate wells were averaged and used
as 4 pereentage tor the calculation of the percentage
retease with th e tormula

medn test
t X 100

mean control

25 Quenchmg of medwum fluoiescence
Liythrocytes (human) were washed 3 times with

Rete)

PBS wnd the packed cells lyzed by ficesze thawing -
Altar temoval of the cell debus by centutugation toy
10 nun at 800 X g the hemoglobmn solution was dig
lyzed against PBS for 48 h The concentirated hemo
globm was stored m small vials at - 20°C At the end
of the meubation period 5 pl of a 4 mM 1sotonic
hemoglobin solution (clartfied by centittugation aite:
ditution) was applied to each well by tipping ol{ pic
tormed dioplets from the syringe needle(s) Diffusion
was allowed o1 10 mun at room temperature afte
which the cells were packed by centufugation at

400 X g tor 5 mun The mucrotest trays weie tead n
the automated {Tuotometer and the percentage release
caleulated as described in 2 4

20 Chronuum release assay

Fttector cell suspenstons (O 1 ml) and target cell
suspensions (0 1 ml) were added to the wells ot g
microtiter tray using a Hanulton syringe The tiays
were spun for 2 mimn at 150 X g and meubated tor 4 I
1na humiditied 5% (O, mcubatorat 37°C Atter ncu
bation the trays wete centrifuged for Smm at 400 X g
Supeinatants were harvested using a commercial supel
natant harvester system and the samples counted in a
v counter Seatle 1195 The counts were used to cal
culate percentage 1elease using the formula

spontaneous medn
—— X 100
spontaneous mean

expenmental medn

maximal mean

By plotting the per cent ielease value agamst the loga
ithm ot the 1ano of etfector to taiget cells one fytic
unit (LU) could aibitranly be detined as the number
of etiector cells which lyze 30% of 10% taiget cells
(13" (ML) o1 4 X 107 taget cells (C F CM1L) with
in4h

27 Automated microfluorometer

Inverted eprillummation fluorescence micioscope
(Leits Dravert) equipped with an automated stage
duven motot by steppimg motors (Leitz) and 4 photo
multiplier (Zewss) encased tn a black plastic box with
counter balanced door Digital Equipment Cotpora
tion PDP8/L computer (4k memory) high speed
paper tape reader and punch and a Feleprint 303
writer Light souice 1s a 60 W tungsten lamp mounted
outstde the micioscope box and fed friom a stabilized




powcl supply Hitters standrd FITC tilter muo
combimation with 6 mm BG 38 filter in exatition
light path Objective 15 16 3 X Neofluwr

28 Lymphoc) te donors

Healthy donois waie used which were typed for
HLA A, B Cuand DR antigens [4 5]

Part of the woik shown heie was done in the con
text ot the Third European CMI[ Workshop held
December 1979 m Marsalle {6 7]

Cells were sefected trocen and shipped from Aarhus

29 Statstical analy sis

Standard deviations of the 1elease percentages wete
calculated tor the chromum and the fluorochromasia
assays using Foimula | and 2 1espectively

Formula 1

sd¢ R -

wAp max 2

{variance (experimental cpm))? +
max  spon

Formula 2

eNp
«d -
1 control LNp control

exp

(Table 2) show 1y ood concordance between both
techmiques

All cytotoxic teactions essentrally paralleled each
other 1in both assays Thare aie some disciepant teac
tions however m partcular the fit tor taiget F s not
complete  This 1s probably due to the fact that the
targets wvsed in the companson test, were handled
slightly differently for both assays tor the fluoro
chromasta assay the medium of the PHA cultures was
replaced by tresh medium at day 5 while this was not
done for the chromium assay Since frozen cells were
used the blast transiormation might not have been
optimadl for the targets in the fluorochromasia dassay,
resulting 1n a suboptimal target cell preparation
Alternatively, the difterence 1s due to the fact that
the targets were taken trom two ditferent culture

X varancee (spon (pm)

virtance (Lap) variance (control)
+

2

exp spon
X varlanee (max (pm)

max spon

(variaton coctticient exp )? + (vanation coetticrent control)?

control

3 Results and discussion

31 Comparison of the fluorochromasia and chromi
um assay
In order to assess whether the fluotochromasia
assay and the chromuum assay give tdentical results
cifector cells were made between members of tanuly b

(Table 1)

Sib (2and (4 whichare HEAA B Cand DR
wentical and MLC negative (data not shown) weie
tested both for responder and stimulator capacity
The eftectors used for the comparison test came from
one stock suspension and were tested m both assays
on the same day The results expressed 1ty e o uts

flasks The 1eactions on the other 5 targets were not
disturbed by this procedure

Ihe 1esults of the C | (ML and [*'Cr] (M1 can
be compared in an other way, namely by plotung the
spectfie release percentages 1n a correlation diagiam
This tesults i a cluster of points thiough which a
regresston hine can be projected as shown m Fig 1
The regresston line has a coetficient of determination
r— 089 Ideally the coefficient ot determination
should equal 1 This demonstrates also the concor
dance of the speaitic telease percentages i both assays

QOur laboratory also partictpated in the third (ML
workshop which ainmed at standardizing the (M1
techmque 6 7]




Table 1
I aouly |
Paternad Maternal
Haplotvpe a b C 4
| athur Al BR (w DRweé Aw24 Bwdd (wl DRw2
Mother A3 B7 (w DRwl Al B171 Cwé6, DRw7
Child ) Aw24 Bwd4 (wl DRw2 Al B171 Cwb DRw7
Chld 2 Aw24, Bwdd (wl DRw2 A3 B7 (w DRwl
Chid 3 Al B8 (w DRwe A3 B7 (w DRwl :
(hid 4 Aw24 Bwd44 (wl DRw! A3 B7 (w, DRwl

In bitct the scheme of the wortkshop was such
that il participating laboratoties used the same cells
distitbuted by one ot the centers and used standard
wed reagents (medium serum and PHA)Y Six etfecton
conmbinations wete tested on 5 tdrgets i pramdry and
secondary (ML using a standardized protocol [7]

The results of the fluorochiomasia and chromum
s 1y performed in the Lewden laboratory are shown
i Bag 2 The regiession fime projected has a coetti
<ent of determmation r — 0 81 The concordance of
the cytotoxie reactions ts very good taking into
account that the etiector and target cells used came
rom witterent bulk cultures and were tested on sepa

rate days For this reason the coettictent of determina
tion, r, lor the Workshop (ML 1s somewhat lower
than for the tanuly (ML

3 2 Analysis of variarnice

o determine the vartation i the speafic release
percentages obtamed 1n the luorochromasia and the
chromium assav the standard deviations were cal
culated using the formulae shown in 2 8 It s clear
that the chromjum assay has a lower standard devia
tton (mean S D = 1 04) than the {luotochiomasia
assay (mean S D =2 97) for the tamuly (ML The
workshop (ML gives essentially the same result

[ bl 2
Compusonol C Foand [ "Cr] CME m T unaly |

1 ttectors Tarcets M
Cias(2 "Cr 24
1 1
C(lvs(4 Cr 3
1l 1
C2vs M S(r
(1
4 vs M (r 77
1 77
(lvs M Cr 46
Ct 573
[GEETH S(r 0
[ 0

{ (G 2 3 4
11 0 04 14 28
02 0 04 08 16
17 0 06 20 32
08 0 09 08 4

22 87 I b 03
0s 46 08 14 01

37 63 05 12 13 ,
6 40 05 09 08
0 330 0 0
0 28 0 0 0
! 2 L0 27
18 14 10 0 17

T he ros Hts e osprossed as b tic units per 106 ctfecton cedls (see abso section 25)
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A - Ster

10 20 30 40 50
% spec release

Fig 1 Correlation diagram ot 1elease percentages in C-I and
[P'Cri CML ot Tamily T I ach point represents the release
percentages at one dilution (40, 20, 10 or 5 1 etfector target
ratio, respectively) for one etfector on the corresponding tar-
get as measured inboth assays The regression hine 1s projected
through the cluster ot points, 7 1s the coetticient ot determi-
nation

o
R S0 ;;. . 51
-‘ﬂ‘b::‘. - Cf
’ : s v v v a3 v
B 10 20 30 40
: % spec release

f1g 2 Correlation diagram of release percentages in (-1 and
[*'Cr]-CML assays pertormed tor the Third Luropean CML
Workshop The results shown are pertormed in the Lewden
proup (see also legend for big 1)

Tabie 3

2Xx2

(M@ Workshopd 17 CML

C-1ovs M'Cr Lerden
Aarhus
Marsetlle
Munich
Oslo

Sty Laiden vs 'Cr Aarhus
Marsetlle
Munich
Osto

S'Cr Aarhus vs MI(r Marseille
Munich
Oslo

YCr Marseille vs P'Cr Munich
Osto

SOy Munich vs ' (Cr Oslo

H Tamiy |

C1ovs ' Cr

2 Analysis of assignments

++ + -+ ——
14 1 1 9
17 2 0 11
14 3 1 7
19 0 i 10
5 6 1 8
13 2 0 10
10 3 1 6
15 0 1 9
6 5 0 9
13 3 2 7
16 0 3 11
N 4 1 10
15 0 3 7
4 3 1 7
6 6 0 8
28 0 0 8

4Results based on assignments made 1 the Hurd T uropean (MU Workshop {7}
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PO (ML, mean S~ 1 ~7and CEHOCME maan
SD =387 Although the enorin the percentage
cytatoxicty is greater 1o the C L CME this s not
ieflected in the positive o1 negative dsstgiments ol
the reactions ( Table 3)

When companng the data obtamed m the Thad
Puropean (ML Wuorkshop, the tesults of the C 't
(ML cannot be distinguished from those of the chio
nuum (ML assays on the basts of the number of dis
clepancies

Because of the excellent agreement ol posttve and
negdative 1eactions we leel the carboxyfluotescein
CMI 15 as reliable as the chomium release CMIL Des
ptte the greater standard deviation in the specitic
release percentage, the C 1 OMI has some major
advantages No radoactivity 1s tvolved, while the
carhoxyiluorescem diacetate can be made easily hhom
commetctally avatlable carboxytluorescem | 1] About
natt the number of eflector cells 1s rtequuied compaied
to the chromum assay Labeling ot targets takes less
trme and the washing proceduies ae simple Together
with the tast reading of the tesults m the automated
microfluotometer (1 nun/tiay ) the proceduie 1s much
taster than the chiomum (ML

33 Modifications of the fluorodromasta assay
1 he most meonvement pt ot the fluotochiomasia
tssdy s the fination of taiget cells to the bottom of

FlECCtons targets |d

I A AL 25 B84Y (w DRI
S Al 11 B7 Cw DR
G AL 2E BT 1S (w3 DRI 2

D peainic relcase

Clargets tined to the wdl bottom
d Pargets and eltectors mined

11 ratio SO 251 121
paL 21\ 2 4
psd 4 6 9
PG 2 5 1
ped 3 0 3
Gpe 44 19 23
apd 44 42

B e R AN

the wells i the tiay  The procedwe s relanvely tme
constmnmg and laborous Thoctore it was .ulcmplc[l
tu use the same proceduie as for the chromum assay
te sunple muximg of effectors and taigets in the wells
without puor hixation of the targets The wesubts ot a
(M1 with targets tised to the well bottoms and ta
gets mixed with effectois s shown m Table 4 It
clear that the speatfic 1elease 1s greater m the latter
method

I targets and effectors are mixed the higher ¢y to
toxicity 1s possibly a reflection ol a better contact
between the effectors and the televant target cell anty
gens When the taiget cells are fixed to the bottom, 1t
15 reasonable to assume that a smaller propottton of
target cell antigens s avatlable 1or the (Tls to cause

Iz

alyticevent Inoui experience the higher cytotoxicty
1s reproducible and smce this modification simplifies
the procedure ot the fluoiochromasia method we
have now adopted the nuxing as standard techmque
For the final prepaiing of the trays for measuie
nent theie are two options, the 1emoval of the
released C | by replacement of the medium or the
addition of a substance quenching the medium fluo
rescence without too much loss of cellular tluores
cence The fatter approach s possible provided the
quenchmg s achieved with g high molecular weight
additive which does not enter the hving cell and the
sedimented cells are measured with an eptilfuming

fable 4
Compunon ol CFOME ssovswith toact cddls inad to the well bottom or mised wath the cttcctors

S ('
Su 1 251 121 SOt 250t 121
24 20 7 7 1 6

o
b
1
w

46 48 44

7 5 5 41 33 29
27 27 16 54 52 46
13 5 6 I 14 3
26 20 11 2 7 3

X 74
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Phah-

Tible S
(omparison of medium replacement and fluorescence
quenching with hemoglobm

[ ftectord target I M (1 2 3 4

Clvs(2b s 2 4 25 30 23
Clvs (2 3 27 4 31 29 25
C1vs (4P 127 4 15 41 32
Cl vs ( 4¢ 11 3 9 36 32 36
(2w MP 5 3% 43 3 6 3
(2 vs M¢ 27 31 -4 -2 4
C4vsMb O Y 216 1
C4 vs M€ 29 61 64 6 16 9

21 ftectors were made between members of 1 amily 1 (see
Table 1) and tested at 25 1 etfector to target iatio

bl’ercentage speatfic release obtained when hemoglobin was
added atter the incubation to quench the medium fluores
cence

Cpercentage specitic release obtained when after the incuba
tson the released C I was removed by nnsing with PBS

tion, inverted microscope As shown in Table 5 the
addition of hemoglobin to quench the medium fluo
rescence fed to results identical tu those obtamned

by rinsing of the trays with medium The advantage
ot the addiuon of hemoglobin 1s that difterences in
fluorescent light output due to variable guenching by
.ontamination with erythrocytes ot the eftector cells
disappear by the very quenching of backgiound fluo
1escence  The addition of hemoglobin also avoids the
possible loss of cells seen occasionally after the final

rinse  Although our experience 1s imited we fecl the

hemoglobiu quenching method 1s a good alternative
for the washing procedure used so fa
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