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Murine T-lymphocytes respond in vitro to
antigens coded by the major histocompati-
bility complex of the mouse by cell prolifer-
ation, which finally yields in the generation
of cytotoxic T-lymphocytes (CTL). The
peak of the proliferative response occurs on
Day 3, whereas the peak of the cytotoxic
response takes place on Days 5-6 (1-3).
Evidence exists that by further cultivation
CTL revert to small-sized lymphocytes.
During this time period the cells lose their
cytotoxic activity (4-5). Because such cells
respond upon antigenic reexposure with an
accelerated and enhanced generation of sec-
ondary CTL (5-6), in the following these
cells will be designated as ‘“‘nonlytic” sec-
ondary T-lymphocytes (NLST). It is known
that in a primary cytotoxic allograft re-
sponse no cytotoxic function will be gener-
ated unless the antigen reactive T-cells are
able to divide (1-3). Thus apart from anti-
genic stimulation cell division appears to a
prerequisite for the induction of cytotoxic
functions within T-lymphocytes. This report
deals with the observation that under cer-
tain conditions, cytotoxic functions can also
be induced in mouse T-lymphocytes in the
absence of cell proliferation.

Materials and methods. CBA/J (H-2¥)
anti BALB/c (H-29) CTL were generated in
a primary mixed lymphocyte culture (MLC)
(2) in Linbro multiculture trays (TC-24) by
cocultivating 4 x 105 CBA splenic re-
sponder cells with 1 X 108 irradiated (3000
R) BALB/c splenic stimulator cells in each
culture well, as described in detail elsewhere
(7); after 4 days of cultivation the cultures
were harvested, pooled, and the cytotoxic
activity of the CBA anti BALB/c CTL gen-
erated was tested in a 3-hr cytotoxicity assay
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(8). 3'Cr-labeled P815 mastocytoma cells
(H-29) were used as target cells. The CTL
generated were able to lyse 70-85% of the
target cells, when a ratio of two attacker
cells to one target cell was used. Since at
Day 4 the CTL were found to be large-sized
blast cells (1-3, 9), in a second step we were
able to use the velocity sedimentation tech-
nique at 1 g (7, 10) in order to enrich for
CBA anti BALB/c CTL. In a third step the
purified blast cells, enriched for anti H-29
CTL were cultured together with irradiated
syngeneic CBA spleen cells for a period of
10 days. During this time period the primary
CTL reverted to ‘“‘nonlytic”” secondary T-
cells.

Results. On the one hand, NLST are de-
rived from the blast cells generated in a
primary MLC; on the other hand, NLST are
enriched for antigen-reactive T-cells against
a given alloantigen. Therefore these cells
were used to ask the question posed above,
namely whether or not the generation of
cytotoxic activity must be preceded by the
division of the antigen-reactive responder
cells.

NLST were prepared as outlined above
and part of the cells were treated with mito-
mycin C (at a final concentration of 50 ug/
ml for 30 min at 37°) (11). Subsequently
untreated and mitomycin-treated NLST (1
X 10°) were cultured either with syngeneic-
irradiated (3000 R) CBA-spleen cells (3 X
108) or with the same allogeneic stimulator
cells against which the primary induction of
CTL was performed. After various time in-
tervals the cultures were harvested and the
specific cytotoxic activity generated was
tested with 5'Cr-labeled P815 target cells.
The results obtained (Table I) show that the
antigen stimulus exerted by the allogeneic
stimulator cells triggered in NLST cytotoxic
function within 16-32 hr. Maximal cytotoxic
activity was induced as early as 48-64 hr
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TABLE I. INDUCTION OF CYTOTOXIC ACTIVITY IN
MitoMYcIN C PRETREATED NONLYTIC SECONDARY T-
LymepuocyTes (NLST-CELLs).®

Specific lysis of *'Cr-la-

beled (%)
EL 4
P815 target target
Time cells cells
period
of co- Ratio of lymphocyte to
culti- target cells
Cocultivation vation
of (hr) 3:1 1:1 3:1
(1) CBA anti 0 3 -1 2
BALB/c 16 2 2 1
NLST plus 32 5 3 -3
syngeneic- 48 2 -1 2
irradiated 64 4 2 2
CBA
spleen cells
(2) CBA anti 0 3 -1 2
BALB/c 16 20 14 3
NLST plus 32 43 29 2
irradiated 48 82 61 4
BALB/c 64 92 68 -0
stimulator
cells
(3) CBA anti 0 -1 2 1
BALB/c 16 22 15 2
NLST-Mito 32 38 27 3
plus irradi- 48 52 37 -1
ated 64 43 31 2
BALB/c
stimulator
cells

¢ Nonlytic secondary CBA anti BALB/c T-lympho-
cytes (NLST) were obtained by a three-step procedure:
(a) In order to generate primary cytotoxic T-lympho-
cytes (CTL), cultures of CBA (H-2*) splenic responder
cells (4 x 10°) and irradiated (3000 R) splenic BALB/c
(H-27) stimulator cells (1 x 10°) were set up and
cultured for 4 days in Dulbecco’s modified Eagle’s
medium (Gibco) containing 100 units/ml of penicillin
and 100 pg/ml of streptomycin, supplemented with 5%
heat-inactivated fetal calf serum and 2 mercapto-
ethanol at a final concentration of 2 X 1073 M (7). (b)
The CTL generated were enriched for blast-cells by
separation according to their size, using the velocity
sedimentation technique at 1 g (7, 10). (c) Pooled
blastoid CTL of a sedimentation rate of 5-7 mm/hr
(specific cytotoxic activity against 5! Cr-labeled P815 of
83% within 3 hr at a ratio of one lymphocyte to one
target cell) was cultured together with irradiated (3000
R) syngeneic CBA spleen cells at a ratio of 1:1 (2 x 108
viable cells each) for 10 days; subsequently the remain-
ing viable cells were tested for specific cytotoxic activity
(3% lysis of P815 target cells at a ratio of 2 lymphocyte
to 1 target cell) and were taken as source of NLST.
NLST cells (1 X 10°) were used as responder cells
either untreated or pretreated with mitomycin C (30
min at a final concentration of 50 ug/ml) (abbreviated
by the suffix mito) and cultured together with irradi-
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after antigenic exposure. These findings are
in full agreement with earlier work (4, 5,
12). Surprisingly NLST treated with mito-
mycin C also generated antigen specific cy-
totoxic function. In fact, within the first 32
hr the cytotoxic activity induced was almost
similar in magnitude as observed in NLST
that had not been treated with mitomycin C.
The effectiveness of the mitomycin C treat-
ment was controlled by the use of the
[*H]thymidine uptake technique (13). The
results in Table II strongly suggest that
NLST exposed to an allogeneic stimulus are
driven into cell division as indicated by the
augmented isotope uptake; however, mito-
mycin C-treated NLST are not.

Discussion. So far the results are compati-
ble with the view that the induction of cyto-
toxic function is a phenomenon which can
take place in the absence of cell division.
However, the results included in Table I
also suggest that the magnitude of inducible
cytotoxic activity in a given population of
NLST is increased provided the cells are
able to divide. Thus 64 hr after antigenic
reexposure the cytotoxic activity induced in
normal NLST was almost twice as high,
compared to mitomycin C-treated cells.
Therefore the enhanced cytotoxicity ob-
served in normal NLST 64 hr after antigenic
reexposure appears to be the result of an
increase in numbers of CTL by cell division.
Two obvious explanations may be offered
for the results presented. On the one hand,
it is conceivable that we are dealing with a
quantitative phenomenon, i.e., the finding
of induction of cytotoxic function in the ab-
sence of cell division may be explained by
the high number of antigen-reactive cells
present in the population of the responder
cells used. On the other hand, the responder
cells used here were ‘“nonlytic” secondary
T-lymphocytes; that is, they had already en-
countered alloantigen. Moreover, unlike
unprimed T-lymphocytes, NLST can be
provoked by mere serologically defined his-
tocompatibility antigens (i.e., classical H-2
antigens) to generate an enhanced and ac-

ated (3000 R) syngeneic CBA or allogeneic BALB/c
splenic stimulator cells (3 X 10°). After various periods
of time the cytotoxic activity generated was testedin a 3
hr cytotoxicity assay against 3! Cr-labeled P815 (H-29)
and EL 4 (H-2%) target cells (8).
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TABLE II. [*H|TuyMipINE UpTakE OF “NoONLYTIC” SECONDARY T-CELLs (NLST) FoLLOWING EXPOSURE WITH
ALLOANTIGEN.®

[*H]thymidine uptake cpm * SE

Mixed cell culture 16 hr 32 hr 48 hr 64 hr
CBA anti BABL/c NLST plus  syngeneic-irradi- 1420 = 270 1280 = 130 980 + 190 910 = 210

ated CBA spleen
cells

NLST plus irradiated BALB/c 4280 = 520 16340 = 1310 11710 = 1290 9200 = 850
stimulator cells

NLST-Mito plus irradiated BALB/c 1640 = 260 1110 = 240 1030 = 190 390 = 70
stimulator cells

NLST-Mito irradiated BALB/c 1380 = 150 990 = 130 940 + 80 260 = 20
stimulator cells

200 60 30 20

2 CBA anti BALB/c NLST were generated as described in Table 1. NLST (1 x 10%) either untreated or pretreated with mitomycin C (50 ug/ml, for
30 min at 37°) were cultured together with irradiated splenic stimulator cells (3 x 10¢). After various periods of time the cultures were pulsed with
[*H]thymidine at a final concentration of 1 uCi/ml for 7 hr and tested for thymidine uptake.

celerated cytotoxic response (14, 15).
Therefore, we propose that the capacity of
T-lymphocytes to generate cytotoxic func-
tion in the absence of cell division reflects a
state of activation restricted to secondary T-
lymphocytes.

Summary. Using a mouse in vitro allograft
model, evidence has been obtained that, in
contrast to the accepted view, the genera-
tion of cytotoxic effector function in T-lym-
phocytes does not necessarily require cell
division.
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