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Long term cultureof
tumour-specific cytotoxic T cells

\iawy investigators have been successful in the maintenance
of lone term tissue culture of human bone marrow-derived
(B calls. These cell lines have heen established from bgrh
normal subjects? and from patients with Ivmphoproliferanve
disorders®, In most cases, lomg term B.cell Hnes have been
shown o harbour the Epstein-Barr virus genome witich some
nvestigaters feel is required for establishment and mainenance
of long-term cultures®, There are fewer reports describing
Ci}i‘iiinJE}US sufture of human thvmus derived (T} cell lines.
and when successful. the lines have only been established from
patients with acute lvmphoovtic leukagmia®, Mthmugh ihese
cell lines have been shown to bear surface marsers of normal
human T lvinphocyvies, there have been po IEpOnis which
sugerst that they possess the ability to respond 1o mmuno-
logic stimuli or to differentiate into antigen-specific lvmpho~
cvtes, Cviotoxic murine T cells have been Kept i1 c.:uminuﬂt{s
culture only through repetitive mixed-lympbocyte stirnulation®,
Tn contrast to long term human lvmphocwte lines, these cells
projiferated only when srimulated with allogeneic ympho-
cvtee and eventually died after a few weeks in culture, Morgan,
Ruscerti and Gallo recently reported & method by witich
medium conditioned by phytohasmagglutinin-stimulated nor-
mal human lvmphocyies allowed for the selective long-term
growth of normal T cells’. In conmrast to the previously men-
noned cell lines. the prodiferation of these reported T-eeil cul-
wres was totally dependent on the presence of an EXOgenousiy.
produced growth factor supplied by the conditioned mﬁ\:ﬁuﬁm*
Tn this report we describe an adaptation of this method which
allows the long term culture of anmtigen-selected cvrotaoxic 1
cells which continue to demonsirate high levels of svngeneic
nrneur-specific cvtotoxieity after more than - months in cul-
ture. |
Cototoxic T cells were generated In secondary allogeneic
mived tumour-lvmphoceyte cultures {MTLC) Spiesn cells
were harvested from normal C57B1.6 mice and from CEIBLS
mice mmundsed with allogeneic (H-2% Fde® Friend vims;
(FL.V-induced leukaemia cells {from Dr W, Owterrag, Max
pianck Institute. Gottingen. Germany). Both spieen cell popu-

5 o N *
v ' &
<
._ .
|
w .
p &
en .
i
- a »
MY *
tar, L -.-:'[«' -
“a -
.
|
¥
= Ee *
. | :
L
e '
wtrrl . I
.
ot .l
P E
P 5
-
e *
v . n:
= .
S .
- 4 B .
P .
whe, -
Nl ' i
i, .
- ..I ﬂ
.- :
o o
" 1 L | i
L x T C] c
ke e il - “

Fig, 1 Represenative growth curves of CTLL(I: (@)
and CTLLOY (M. Dotted limes indicate passage of .ong
term cell Hnes and reseeding of addidenal culture asxs at the day
9 cell concentration of 5 - 107 cells per mi. Bothy ceil lines ax bited
this pattern of profiferative growih provided hay were grown in
the presence of medium contamng 307, growth factor, Cugk's
medium with 50%, growth {actor was also suppiemented with 29,
neat-inactivated FOCS. 300 gg mi™ fresh r-glutamine. U unus
mi~® menicitin. $0 pg mi~hstrepromycn. 16 umol mi~t MaHCO,
and 28 umoel mi~t HEPES bufer. Celis were cultured 1 a
hwumified atmosphere of 27, COy in air av 37 7.
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Fig. 2 «, Allogeneig cviotoxicity demonstrated by CTLLLL)
aeainst the FLV-induced non-producer murine leukaemia cell,
FaeA, after 3 weeks (@), after 10 weeks {4 ), and arter 17 weeks
(P in contimuous culture. &, Cyiotoxicity demonstrated by
CTLLLDY against Fdd after 3 weeks (@1, 10 (A and 17 weeks
(3 in culture, Per cent cyviotoxicity was determined in ivmpho-
cvtewmediated oytolvsis assavs which measured Cr?* release of
radiolabelied rarget cells. Targer colls were labelled with 120 uh
of Na G specific activity 10000 mCt per mg Cr, Amer
sham-Searie), Target cell concentrations were adpusted in RPMI
1640 with 10% FCS 1o 2.1 c.p.m, per ceil. Targer cells (100 ul
were mixed with log, diluions of effector cells collected from
CTLL(D and CTLL(2) long term cultures, in V-bhottom miira-
nlates (185 MV.96-TC, Linbro Sciengifics, The Crrelease reaction
was stopped after g 4-h incubation ar 37 °C by o I0-min 300g
centrifugation at 4 °C. o.p.m. of Cr-release were determined by
counting 100 u! of each well supernatany on 8 liguid scintillaton
counter, per cent specific lvsis was derermined using the foliowing
eguation ;

e Specific hvsis e
experimental c.p.m. — medim contrad OO,
masinum release ¢.pan, — mediurm Conirgi &.pam.

A 40

»edium contrat c.pum, were obtained from iUG-ui supernatant
aliquots sampled from microplate weils containing 100 ul ot
rarget cells and 100 pl of RPMI 1640 with (0% FO5, Maximum
refease ¢.pam. were generated from mucroplate wells containing
100 ul of targes cells and 100 ul of Zap Isoton Seiution fthree
drops added to 5 mi double distilled H.01 Coudter Elecromgs.
Lytic units were defined as the number of erffector cells necessary
to cause 309 specific lysis, Growth facror was nat present in
Lol assavs. |

lations were co-cultured with mitomycine-ireared 100 pg ml™
for 60 min)® Fd4-% cells in Clek's medium (Altick Associlates)
with 2%, heat inactivated foetal calf serum (FC33 for 2 4 (res-
ponder: stimuator ratic of 40 : 1% Viabie cails collecred from
primarv allogeneic MTLC were resumuiaed with mitomyein-
wreared F4-3 cells and placed back in culture for a further 2 4.
Cultures of cviotoxic cells generated n seconaary allogenew
MTLC of normal C37BL6 spleen cells were designated ovro-
toxic lymphoid lne 1 [{CTLL.Ii] and ceils collected from
repetitive allogeneic MTLC or splesn cells from C57BL 6
mice pmmused with Fded were designated CTLLE2Y. The
population of ¢vtotexic lvmphocytes collected rom secondary
allogeneic MTLC was & heterogeneous one in that one ivm-
phoid subpopulation was reactive against aflogeneic targers
while a second subpopulation contaimed Iymphocytes capable
of effecting syhgenelc mmour-specific STOOXICITY*,

Viable cells collecred from secondary allogenels MTLC were
placed in continuous culture in 20°, Cligk's medium and 30°,
growth factor. Growth factor was prepared from 48-h tssue
culture medium {(RPMI 1640 (GIBCO) with 107, FCS) from
cultures of concanavalin A fcon A, 2.5 pg mi~h Mues—
Yeda) stimulated normal DBA 2 apleen cells, Growth factor
was fitered through a O.2-wm Siter 1 Nalge-Svbron) 1o remove
subcellular particles before use in long-erm cuiture medum.

Both CTLL(D) and CTLLY) have remained i contmuous
profiferative culture for 20 weeks, Representative growin



curves for both lines are shown in Fig. 1. Cells seaded at a
concentration of 5 < 10% per mi reach 2 saturation density of
approximately 3:<10% cells per ml after 6 or 7 d in culture
thereby demonsirating & doubling time of 24 h, Proliferative
growth is totally dependent on the presence of growth factor.
CTLLY and CTLL(Z) cannot he maintained in contmuous
~uhture in either Click’s medium supplemented with FOS or
i RPME 1640 medium supplemented with FCH and con A,

("ells from cultures of CTLL(1) and CTLLIZY were used
pericdically as effector cells i lvmphocoyte-mediated  ¢yto-
fysis (LMC) assavs®, against the allogeneic rumour target cell
E4-5 (Fig. 2 and the syngeneic FLV-induced FBL-3 {(Hnl
(Fig. 33 Both F4-3 and FBL-3 (Hn) were confrmed a5 pon-
virus-producing murine lenkaemia cells by reverse ranscrip-
race? and X-C assayvst. When MO data 1s expressed o erms
of Ivtic units per 10° effector cells (L1 - 1079, the allogenete
cvtotoxicity mediated by CTLLUL increased from 76.9 LU < 1077
afrer 3 weeks in culture 1o 535 Lo 104 after 17 weeks in
culture. Similariv, allogeneic lysis effecied by CTLLED) rose
from 40 L1« 1073 after 3 weeks of cuiture 10 0 LU 14
weeks later. Results of EMO assays (Fig. 3) mdicate that the
syngeneic tumour ceil bvsis mediated by CTLL(1) and CTLLZ)
was tumour specific. Although FBL-3 (Hn} murine leukaemia
cells were effectively lysed, syngeneic normal cells (C37B1/6
lymph node and con Sestimulated (2.5 ug mi™Y) spleen cells
remained unaffected). Syngeneic tuRoUr-specific CVIOTOXICILY
demonstrated by CTLL(I} effector celly increased from 10
[ 1% 105 after 3 weeks in culture to 333 LU X 108 after 17
weeks in culture. CTLL(2)-mediated cviotoxicity of FBE-3
(Hn} cells rose from 16.7 LU 10~ following 3 weeks in cul-
mure 10 142.9 L1 x 109 after 17 weeks of COnIINUOus M vy
DRSSAREe.

Figure 4 shows Wright-Giemsa-stained preparations of
CTLL(D) and CTLL(2) after 22 weeks of contnuous pro-
liferarion in virro. Both cell lines are blastoid and highly vacuolar
i appearance, and were lysed by ant-theid serum (AKKR
anti-C3H thymus from Litton Bionetic) when rested USINg
ahsorbed rabhit complement®, Histochemical stains of both
CTLL(D and CTLLEY) for peroxidase. rariodic acid Schiff,
napthal chlercacerate and a-napthylaceiate esterases, were Degs-
cve. These tesis confirmy that the syngeneic tumour-specific
CHTOEONICITY demonstrated by CTLRL{D and CTLL{I} was
mediated by ovioroxic T cells maintained fn virro with the aid
of a growth factor produced by con A-stimuiated spleen cells,
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Fig. 3 a, Cyietoxicity of syngeneic FBL-3 (Hn, Friend leukaerma
ceits pected by CTLL(L) celis after 3 (@, 10 (&) and 15 weeks
(i n culture Cytotoxicity demonstrated v CTLLOD) against
crngensic normal vmph node () and con A-stmuiated spleen
cells (3. & Cyvlotoxicity of FBL-S (M oy CTLLeD) cells after
1 10 i a), and 17 weeks (MO in ouhure. CTLLGD-
mediated cvrolvsis of syngeneic normal ivmph nade (03 and
con A-stimuiated spleen cells (b FRL-X (Hny was adapted to
continuous fn vitre culture from ascites-nassaged FBL-3 cells,
obained from Dr Ronald Herberman, NCLOLAMC assay condi-
ons. and radiolabelling of all warger cells .dentical to those
described in Fig. .

Fig, 4. Wright-Gilemsa-stained cviocenirifuge preparations of
g, CTLLID and b, CTLLEZ) cells after 20 weeks of continuous
cutture in vitra, £ X 6,000

The continuwous profiferation of differentiated T Ivmpho-
cytes [n vitro Talses questions as to the reguiarory factors opera-
ting i vive which prevert continuous clonal expansion after
antigenic stimulation. The demonstrarion that COnunuous
profiferation of cviotoxic T cells fn vivro Is possibie. suggests
that some humoral or cellular factor may be operating o vie
to prevent differentigted proliferation. Furthermore, the long
rerrn culture svstern described here mught serve as a staring
point for the identification and characterisation of these growth
promoting and inhibiting. reguiatory facrors,

Finallv, although cytotoxic lymphocyvtes generated in vipg
have heeen shown 1o be effective mediators of wmour Cell lysis
in vivot®, the inabilinv to generate these cells in large numbers
has prevented their widespread use, The ability 10 propagate
large populations of syngensic tumor antigensspenific Cvige
toxic hvimphocvtes through the use of a growih faclor. maKes
possible the testing of these lymphocytes in aooprive IO
therapy, The svageneic cytotoxic specificities of the long-term
T.oell lines tested i this study were direcied agains: non-
producer leukazmia cells, Because murine non-producer lewkae-
mia cells represent the mode! svstem most analagous 1o human
leukaemia, this study provides evidence that the f virre genera-
tion of large nuinbers of leukaemia-specific human CVIOOXK
T cells might be possbile.
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