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The dependency of induction of T cell cytotoxicity on
lymphokines was studied. 1 x 10° nylon wool-purified
thymic lymphocytes or 10 spleen cells were cultured with
TNP-haptenated syngeneic UV-irradiated spleen cells in
the presence of a variety of lymphokine preparations.
Concanavalin A-induced spleen cell supernatants me-
diated strong cytotoxic responses in this system. Three
other preparations, namely, a partially purified IL 2 prep-
aration from PMA-stimulated EL-4 thymoma cells, a Con
A-induced spleen cell supernatant that was absorbed with
an IL 2-dependent cell line, and a Con A-induced super-
natant that was dialyzed at pH 2 were all ineffective in
mediating a cytotoxic response. In reconstitution experi-
ments, cytotoxic responses were only obtained when
either the absorbed preparation or the pH 2-treated prep-
aration was mixed with the IL 2 preparation from EL-4
cells. No reconstitution occurred after mixing of the ab-
sorbed with the pH 2-treated preparation. pH 2 treatment
of the absorbed preparation did not abolish its synergistic
effect when added to the IL 2 preparation from EL-4 cells.
These results led to the conclusion that activation of
cytotoxic lymphocyte precursors requires at least two
other lymphokines in addition to IL 2. One T cell cytotox-
icity-inducing factor (TCF1) remained in Con A-induced
supernatants after absorption with IL 2 receptor-bearing
T cell line cells. It was pH 2-resistant and was not found
in EL-4 supernatants. A second T cell cytotoxicity-induc-
ing factor (TCF2) was pH 2-sensitive and was found in
Con A-induced spleen cell supernatants as well as in
interferon-free supernatants of PMA-stimulated EL-4
cells. This activity co-purified with IL 2. It was absorbed
by the IL 2-dependent T cell line together with IL 2. IL 2
differs from TCF2 since it is pH 2-resistant.

The induction of cytotoxic T lymphocytes (CTL) is the result
of interactions between different cell types. la-positive macro-
phage-like accessory cells as well as T helper cells (1-17) are
required to induce the maturation and proliferation of CTL pre-
cursor cells into effector CTL. There is evidence that during
these interactions antigen-nonspecific lymphokines are pro-
duced, which participate in these processes. It is possible to
overcome the requirement for accessory cells with factors pres-
ent in concanavalin A- {Con A) induced supernatants of spleen
cells (18). The involvement of the interleukins IL 1 and IL 2 (11,
19-25) in CTL activation has been shown. IL 1 is required for
the activation of the IL 2-producing helper T cells and thus
participates only indirectly in the activation of CTL, whereas IL 2
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is required for the proliferation of CTL precursor cells. Recently,
we found evidence for a late-acting helper factor that is different
from IL 2 (26). In addition, two other reports showed the ineffec-
tiveness of IL 2 alone in converting mitogen-induced CTL pre-
cursor cells into effector CTL (27, 28). Both groups presented
evidence that the response was reconstituted by differentiation
factors present in Con A-induced supernatants. In this paper
evidence is shown that in an antigen-driven activation of cyto-
toxic T cells, at least two factors other than IL 2 are required.
One of these factors may be identical with the reported differ-
entiation factors.

MATERIALS AND METHODS

Mice. C3H/TIF and DBA/2J were purchased from Bomhoitgard, Ry, Den-
mark, and had food and water ad libidum. They were used at 6 to 10 wk of
age.

Culture medium. If not indicated otherwise, the culture medium used was
RPM! 1640 (GIBCO, powdered media) with L-glutamine (2 x 10~° M) and
supplemented with 10% heat-inactivated fetal calf serum, HEPES' (0.02 M),
2-mercaptoethanol (4 x 1075 M), and gentamicin (50 pg/mi).

Lymphokine preparations. Con A- (Pharmacia) induced supernatants were
prepared by conventional methods. Splenic single cell suspensions were
adjusted to 107 cells/ml in culture medium and were incubated for 24 hr with
5 ug Con A/ml in moist air containing 5% CO,. To cell-free supernatants, a-
methyl-b-mannoside (Sigma) was added to a final concentration of 1 mM. All
preparations were stored at 4°C.

T cell cytotoxicity assay. The microcultures were prepared as described
previously (29), based on the procedures of Shearer (30) and Teh et al. (15).
In short: 10* to 10° spleen or thymus responder cells were co-cultured with
3 x 10° Uv-irradiated TNP-haptenated syngeneic spleen cells or allogeneic
cells as stimulators. Varying amounts of lymphokine preparations were added
so that the total volume per well was 0.16 ml. After 5 days of culture in
humidified air with 5% CO,, 2 x 10* ¥'Cr-labeled TNP-haptenated syngeneic
or allogeneic target cells were added in 0.04 ml of culture medium. Target
cells were prepared by culturing spleen cells at a density of 3 x 108/m! of
culture medium and were incubated for 16 hr with 5 g Con A/ml. After 3 to
4 hr, the plates were centrifuged, and 0.1 mi was removed and counted in a
gamma-counter. Maximal release was determined by lysis after addition of
sodium dodecy! sulfate. Data are presented as specific *'Cr-release (experi-
mental count — spontaneous release/SDS count — spontaneous release) X
100. Spontaneous release (SR) was determined in supernatants of wells
without added lymphokines. Data are means of triplicate cultures. The stand-
ard error of the mean was always = 2.3%.

Assay for IL 2. The amount of IL 2 in supernatants was measured by their
ability to support the growth of the T cell clone W-2 (originafly M-2, cloned by
Michael Stock, Hannover, West Germany). The culture supernatants were
titrated by serial 2-fold or 3-fold dilutions in flat-bottom tissue culture plates
(Flow Laboratories} in a volume of 0.1 ml of culture medium without FCS.
One hundred microliters of W-2 cell suspension (105/ml) in culture medium
were added per well, and the plates were incubated at 37°C in moist air with
5% CO, for 20 hr. One microcurie of *H-TdR in 25 u! of RPMI 1640 was
added per well, and the plates were incubated for another 4 to 6 hr. The cells
were then harvested with a Skatron Cell Harvester (Flow Laboratories), and
the filters were counted in a liquid scintillation counter. Each point was
assayed in duplicate. Data are given as IL 2 activity units, based on the
method described by Farrar et al. (19). Units were calculated with an HP 9815
computer using linear regression analysis of the linear part of the titration
curve.

Interferon assay. Interferon (IFN) titrations were performed in microtiter
wells. L929 cells in 0.2 mi of RPMI 1640 + 5% FGS per well were challenged

' Abbreviations used in this paper: IL 2, interleukin 2; IFN, interferon; TCF1 and
2, T cell cytotoxicity-inducing factors 1 and 2; SR, spontaneous release; HEPES,
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid.
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with vesicular stomatitis virus (Indiana strain). One unit was defined as the
minimal amount of interferon capable of conferring protection to 50% of the
cells. One microtiter unit per 0.2 ml corresponds to 2 NIH reference units. All
titers are expressed in laboratory units.

Nylon wool treatment. In some experiments the responder cells were
purified by one passage through a nylon wool column according to Julius et
al. (31).

Preparation of partially purified IL 2. An IL. 2 preparation was prepared as
described by Hiffiker et al. (32). EL-4 thymoma cells (generously supplied by
J. J. Farrar, NIDR, NIH, Bethdsda, MD) were suspended at 10%/ml in RPMI
1640 containing no serum or 0.5% heat-inactivated horse serum. Ten nano-
grams per milliliter of phorbol myristic acetate (PMA) were added, and the
cells were incubated for 48 hr. The cell-free supernatant was concentrated
on an Amicon PM 10 membrane. Proteins were then precipitated with
ammonium sulfate (80% saturation). A small amount of FCS was added to
preparations made without serum to prevent loss of activity during purifica-
tion. The precipitate was washed once and dissolved in water. The dissoived
material was equilibrated with 0.8 M ammonium sulfate in 0.01 M phosphate
buffer, pH 7, and was applied on a Penylsepharose column (Pharmacia Fine
Chemicals). The column was then washed with 2 volumes of 0.64 M ammo-
nium sulfate + 10% ethanediol. The IL 2-containing peak was finally eluted
with 40% ethanediol in 0.16 M ammonium sulphate. The IL 2 fractions were
concentrated or an Amicon PM 10 membrane and were equilibrated with
column buffer (0.05 M Tris-hydroxymethylacetate, 0.1 M sodium chloride, pH
7.2, containing 0.05% polyethleneglycol 6000). The material was then applied
to a Sephadex G100 column, and the activity was eluted with an apparent
molecular weight of approximately 32,000. The peak fractions were pooled
and dialyzed against culture medium after adding FCS to a final concentration
of 10%.

Absorption of IL 2. Con A-induced supernatants were depleted of IL 2 by
absorption with an IL 2 receptor-bearing T cell line. One millliter of Con A-
induced supermnatant was mixed with approximately 10° W-2 cells and was
incubated for 48 hr. The cells were then centrifuged, and the supernatant
was dialyzed against culture medium and then again incubated for 48 hr with
10° W-2 cells per ml. The supernatant was again dialyzed against culture
medium and o-methyl-mannoside was added to a final concentration of 1
mM. These supernatants contained iess than 0.01 units/mti of IL 2 activity.

Dialysis at pH 2. Con A-induced supernatants were dialyzed overnight in
50 mM giycine buffer, pH 2, and were readjusted to pH 7 by dialysis in culture
medium.

RESULTS

The aim of the study was to identify activities that play a role
in the activation of T cells for cytotoxicity. A microsystem was
chosen to minimize the number of helper cells in the responder
population. The stimulator cells were UV-irradiated to destroy
any metabolic and proiiferative activity. Gamma-irradiated stim-
ulator cells have been shown to provide helper activity and were
therefore not suitable (26). Under these conditions, the cultures
produced no cytotoxic activity after 5 days even with up to 12
x 10* responder cells unless lymphokine preparations were
added (Fig. 1). Experiments with either syngeneic or allogeneic
stimulator cells gave similar results.

Failure of partially purified IL 2 to induce cytotoxicity. IL 2-
containing supernatants were prepared by PMA stimutation of a
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Figure 1. Cytotoxic responses at various lymphokine and responder cell con-
centrations. 12, 6, 3, and 1.5 x 10* C3H spleen cells were cultured with 3 x 10°
TNP-haptenated, UV-irradiated C3H spleen celis and with graded amounts of Con
A-induced spleen cell supernatants in a total volume of 0.16 mi. On day 5 of culture,
2 x 10* TNP-haptenated, *'Cr-labeled C3H spleen cell blasts were added in 0.04
mi. *’Cr-release was measured after 4 hr. High control: 3580 cpm; SR = 15%.
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clone of EL-4 thymoma cells (32). Partial purification was
achieved by consecutive ammonium sulfate precipitation, Phen-
yisepharose chromatography, and Sephadex G100 chromatog-
raphy. The final pool of IL 2-containing fractions had up to 1000
laboratory units of IL 2 (i.e., about 10 times the titer of normal
Con A-induced supernatants) and was diluted in culture medium
to the indicated concentrations. As shown in Figure 2, these IL
2 preparations were incapable of inducing a cytotoxic response
under the conditions of the system used. In addition, they did
not inhibit activation of CTL precursors in the presence of a
standard Con A-induced supernatant (Fig. 2). The IL 2 titers in
both preparations were comparable. The conclusion from these
experiments was that IL 2 was not sufficient to induce a cytotoxic
response and that this IL 2 preparation was lacking a lymphokine
that is necessary for induction of cytotoxicity.

Reconstitution of the cytotoxic response with an IL 2-deficient
Con A-induced supernatant. A standard Con A-induced super-
natant was absorbed with an IL 2-dependent T cell line until no
trace of IL 2 activity (less than 0.01 units/ml) was detectable in
the supernatant. The titer of interferon-y (IFN-v) was measured
to test for nonspecific loss of activity and was found slightly
decreased (1100 units to 600 units), but this decrease was
independent of the incubation time. The IL 2-free Con A-induced
spleen cell supernatant by itself was not able to support a
cytotoxic response (Fig. 3), but it was found to reconstitute the
deficient IL 2 preparation from EL-4 cells utilizing either splenic
(Fig. 3A or thymic responder cells (Fig. 3B). When graded
amounts of the absorbed preparation were added to a constant
amount of the IL 2 preparation from EL-4 cells, cytotoxicity was
induced, and the dose-response curve was comparable to that
of a normal Con A-induced spleen cell supernatant with the same
titer of IL 2. The following controls were made but are not
included in the figures: Neither the IL 2 preparation from EL-4
cells nor the absorbed preparation inhibited the response to a
normal Con A-induced supernatant. Also, comparable dose-
response curves were obtained when graded amounts of the IL
2 preparation from EL-4 cells were added to a constant amount
of the absorbed preparation. The strong synergistic effect seen
in these experiments suggested that there must be at least one
lymphokine in a standard Con A-induced spleen cell supernatant
that is different from ILL 2 and is required for induction of cytotox-
icity. This lymphokine was termed T cell cytotoxicity-inducing
factor 1 (TCF1).
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Figure 2. IL 2 alone does not support a cytotoxic response. 1 x 10* C3H spleen
cells were cultured with 3 x 10° UV-irradiated DBA spleen cells and with different
lymphokine preparations. On day 5, 2 x 10* 5'Cr-labeled DBA/2 spleen cell blasts
were added as targets, and *'Cr-release was measured after 4 hr. (@) Con A-
induced spleen cell supernatant (80 U/ml IL 2); (¥) IL 2 preparation from EL-4 celis
(75 U/ml IL 2); (O) Con A-induced spleen cell supernatant + 30 ul IL 2 preparation
from EL-4 cells.
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Figure 3. Synergistic effect after mixing the IL 2 preparation from EL-4 cells
with the absorbed Con A-induced spleen cell supernatant. 3 x 10* C3H spleen
cells (A) or 6 x 10* nylon wool-nonadherent C3H thymocytes (B) were cultured
with TNP-haptenated, UV-treated stimulator cells and the following lymphokines:
(@) Con A-induced spleen cell supernatant (100 U/ml IL 2 in A and 80 U/ml IL. 2 in
BY; {4) L 2 preparation from EL-4 celts (75 U/miiL 2 in A and 950 U/mi IL 2 in B);
(A) absorbed Con A-induced spleen cell supernatant (< 0.01 U/mi IL 2); (O)
absorbed Con A-induced spleen cell supernatant + 20 ul (A) or 60 ul (B) of the iL
2 preparation from EL-4 cells. The high controls were 2273 cpm (A) and 2130 cpm
(B); SR = 22% (A) and 13% (B). The shaded areas represent the synergistic effect.
For other details see legend to Figure 1.
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Figure 4. Decrease of cytotoxicity-inducing activity of Con A-induced spleen cell
supernatants after pH 2 dialysis. Two portions of the same Con A-induced spleen
cell supemnatant were dialyzed overnight at either pH 2 or pH 7 and then assayed
in a microcytotoxicity assay. 1 X 10° nylon wool-nonadherent C3H thymocytes
were cultured with TNP-haptenated, UV-irradiated C3H stimulator cells and the
indicated lymphokines. High control: 1650 cpm; SR = 22%.

Reconstitution of the cytotoxic response with a pH 2-treated
Con A-induced spleen cell supernatant. In order to further char-
acterize this lymphokine, a Con A-induced spleen cell superna-
tant was dialyzed overnight at pH 2. A control sampie of the
supernatant was dialyzed at pH 7 by an otherwise identical
protocol. IL 2 activity was unchanged or was only slightly de-
creased after pH 2 dialysis, whereas IFN activity was abolished
(data not shown). On the other hand, helper activity of the two
preparations for induction of cytotoxicity was decreased by
about 75% after pH 2 treatment (Fig. 4).

A strong synergy was seen when this pH 2-treated Con A-
induced spleen cell supernatant was mixed with the TCF1-free
IL 2 preparation from EL-4 cells (Fig. 5). Taken together, these
two experiments led to the conclusion that the pH 2-treated
lymphokine still contained IL 2 and TCF1, and that TCF1 was
not destroyed by pH 2 treatment. Therefore, for induction of
cytotoxicity, there must be at least one other activity present
that is pH 2-sensitive and is found in supernatants of Con A-
stimulated spleen cells, as well as in supernatants of PMA-
stimulated EL-4 cells. This activity is not interferon-y since our
EL-4 supernatants were devoid of any antiviral activity (data not
shown). This pH 2-sensitive factor was termed T cell cytotoxicity-
inducing factor 2 (TCF2). When an absorbed Con A-induced
spleen cell supernatant (containing TCF1) was mixed with a pH
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Figure 5. Synergism between the IL 2 preparation from EL-4 cells and the pH
2-treated, Con A-induced spleen cell supernatant. 1 X 10° nylon wool-nonadherent
C3H thymocytes were cultured with 3 x 10% TNP-haptenated, UV-irradiated C3H
stimulator cells and with the following lymphokines: (O) Con A-induced supernatant
dialyzed in pH 2 buffer overnight (30 U/ml IL. 2); (@) IL 2 preparation from EL-4 cells
(950 U/mi); (M) Con A-induced spleen cell supernatant dialyzed at pH 2 + 20 ul of
the IL 2 preparation from EL-4 cells. Similar results were obtained when graded
amounts of IL 2 preparations from EL-4 cells were added to a constant amount of
pH 2-treated supernatant. High control: 1920 cpm; SR = 23%. The shaded area
depicts the synergistic effect.
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Figure 6. Demonstration that the pH 2-sensitive lymphokine is not TCF1. 1 x
10° nylon wool-nonadherent C3H thymocytes were cultured with 3 x 10° TNP-
haptenated, UV-irradiated C3H stimulator cells and with various lymphokine prep-
arations: (A) Con A-induced spleen cell supematant absorbed with the IL 2-
dependent W-2 T cell line and same absorbed supernatant dialyzed at pH 2
(containing TCF1 and < 0.01 U/ml IL 2); (W) IL 2 preparation from EL-4 cells (950
U/mtIL 2); (O} pH 2-treated, Con A-induced spleen cell supernatant (TCF2 deficient,
60 U/mi IL 2); (@) pH 2-treated, Con A-induced spleen cell supernatant + 20 ul of
the absorbed Con A-induced spleen cell supernatant (TCF1); () absorbed Con A-
induced spleen cell supernatant + 20 ul of the IL 2 preparation from EL-4 cells; (A)
pH 2-treated and absorbed Con A-induced spleen cell supernatant + 20 ul of the
IL 2 preparation from EL-4 cells. A, Lack of reconstitution of absorbed Con A-
induced spleen cell supernatant by pH 2-treated, Con A-induced spleen cell
supernatant. In contrast, a mixture of 20 u! of the IL 2 preparation from EL-4 cells
(70 U/ml IL 2) and 20 wl of the Con A-induced, pH 2-dialyzed spleen cell supernatant
used in this assay mediated 35% specific 5’Cr-release. High control: 2001 cpm;
SR = 11%. B, TCF1 in absorbed Con A-induced spleen cell supernatant is not pH
2-sensitive. The TCF1-containing absorbed Con A-induced spieen cell supernatant
was dialyzed overnight at pH 2 and brought back to pH 7 by dialysis in culture
medium, High control: 1921 cpm; SR = 23%.

2-treated Con A-induced supernatant, there was no detectable
reconstitution of the cytotoxic response, whereas the synergy
of pH 2-treated supernatant with the IL 2 preparation from EL-4
cells was expectedly strong (Fig. 6A). This indicated that the
absorption procedures on the IL 2-dependent W-2 T cell line
removed not only the IL 2 but also the TCF2 activity.

To demonstrate the pH 2-stability of TCF1 directly, a TCF1
preparation was dialyzed at pH 2 and assayed for synergy.
Figure 68 shows that the absorbed and pH 2-treated Con A-
induced spleen cell supernatant was stiil able to complement the
IL 2 preparations from EL-4 celis.

TCF1 and TCF2 were found to be produced by live spleen
cells upon stimulation with Con A. Neither component was found
in supernatants of unstimulated spleen cells or in supernatants
of Con A-stimulated, UV-treated spleen cells (data not shown).
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This observation also excluded the possibiiity that the TCF1 or
TCF2 activities were due to Con A. Neither activity was detected
in nonstimulated supernatants of EL-4 cells or in supernatants
of PMA-stimulated, UV-killed EL-4 cells (data not shown).

Taken together, the following conclusions can be drawn from
these experiments. Two factors besides IL 2 are necessary for
induction of cytotoxicity. Con A-induced spleen cell supernatants
contained all three activities. The IL 2 preparation from EL-4 cells
contained IL 2 and TCF2. The pH 2-treated Con A-induced
spleen cell supernatant contained IL 2 and TCF1; and the W-2-
absorbed lymphokine preparation contained only TCF1 and no
TCF2.

DISCUSSION

We show in this report that maturation and differentiation of
cytotoxic T lymphocyte precursor cells into effector cells involves
at least three different lymphokines: IL 2 and the T cell cytotox-
icity-inducing factors 1 and 2 (TCF1 and TCF2). Their require-
ment was shown by reconstitution experiments in cuitures with
numbers of accessory and helper cells that were insufficient to
provide enough help. In this restricted system three different
preparations of lymphokine-containing supernatants were used.
The partially purified IL 2 preparation from EL-4 cells and the
Con A-induced spleen cell supernatant that was absorbed with
the iL 2-dependent W-2 T cell line did not mediate any response.
The pH 2-treated, Con A-induced spleen cell supernatant me-
diated only weak cytotoxic activity, although its IL 2 titer was
unchanged compared to a pH 7-treated control sample. In mixing
experiments, synergy was only observed when the IL 2 prepa-
ration from EL-4 cells was mixed with either the absorbed
preparation or the pH 2-treated, Con A-induced spleen cell
supernatant. No synergy was seen after mixing of absorbed and
pH 2-treated preparations. On the other hand, only a slight loss
of synergistic activity was observed when the absorbed lympho-
kine preparation was pH 2-treated. These data only be explained
by postulating a minimum of three different lymphokines: IL 2,
which is pH 2-resistant and absorbed by the T cell line; TCF1,
which is not absorbed by the T cell line and is pH 2-resistant;
and TCF2, which is also absorbed by the T cell line but is pH 2-
sensitive.

All three activities are different from interferon-y, which is
sensitive to pH 2 but not present in the stimulated EL-4 super-
natant. Con A-induced spleen cell supernatants contain all three
factors. The absorbed Con A-induced preparations contain only
TCF1; the pH 2-treated supernatants contain TCF1 and IL 2;
and the IL 2 preparation from EL-4 supernatants contains IL 2
and TCF2. TCF2 co-purified with IL 2. The two assay systems
may detect different active sites on the molecule. One of these
sites may be pH 2-sensitive.

During the course of this work other groups have reported on
factors different from IL. 2 present in Con A-induced supernatants
(25~-28, 33). Raulet and Bevan (27) were the first to describe a
differentiation factor that is needed for induction of T cell cyto-
toxicity. Like TCF1, it was obtained by absorbing IL 2 from Con
A-induced spleen cell supernatants. Wagner et al. (28) also
described a differentiation factor found in IL 2-depleted, Con A-
induced spleen cell supernatants. It is therefore very likely that
the TCF1 activity described in this report is similar or identical
with these activities, despite differences in the assay systems.
Raulet and Bevan (27) also showed that the helper activity of
their differentiation factor was destroyed by dialysis at pH 2, but
their experimental system did not allow them to distinguish
between the pH 2-labile TCF2 activity described in this report
and the differentiation factor that was defined by absorption.
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TCF1 and TCF2 are products produced by live spleen cells
upon stimulation with Con A. Neither component was found in
supernatants of unstimulated spleen cells; in supernatants of
Con A-induced, UV-treated spleen cells; in supernatants of un-
stimulated EL-4 cells; or in supernatants of PMA-stimulated, UV-
killed EL-4 cells (data not shown). The inabiiity of supernatants
of Con A-induced, UV-treated spleen cells to complement the IL
2 preparation also excluded the possibility that the TCF1 activity
was due to Con A,

In preliminary experiments, evidence was obtained that TCF1
and TCF2 are required at different times during the five days of
activation (submitted for publication). TCF1 was required early,
whereas TCF2 was active if added as late as day 3 of culture.
TCF2 may be identical with the late-acting helper factor that was
described by our laboratory (26) and that was shown to be
different from IL 2.

The findings in this study suggest that the activation of CTL
is as complex as the B cell activation and differentiation for
antibody production (34; K. Nakanishi, personal communication).
It is an intriguing question whether one or more of the lympho-
kines participating in these two processes are identical. The
function of the two cytotoxicity-inducing lymphokines, their bio-
chemical nature, their cellular origin, and their targets are objects
of current investigation.

Acknowledgments. The skillful technical assistance of Brigitte
Sonsky and Barbara Katzer is gratefully acknowledged. The
authors would like to thank Dr. Peter J. Robinson for critical
review of this manuscript. Excellent secretarial help was provided
by Anne-Marie RiedI.

REFERENCES

1. Wagner, H. 1973. Cell-mediated immune responses in vitro: interaction of
thymus-derived cells during cytotoxic allograft responses in vitro. Science
181:1170.

2. Wagner, H. M., M. Rdllinghoff, and G. J. V. Nossal. 1973. T-cell mediated
immune responses induced in vitro: a probe for allograft and tumor immunity.
Transplant. Rev. 17:3.

3. Cantor, H., and E. A. Boyse. 1975. Cooperation between subclasses of Ly-
bearing cells in the generation of killer activity. J. Exp. Med. 141:1390.

4. Bach, F.-H., C. Grillot-Courvalin, O. J. Kuperman, et al. 1977. Antigenic
requirements for triggering of cytotoxic T lymphocytes. immunol. Rev. 35:76.

5. Bach, F.-H., M. Segall, K. S. Zier, P. M. Sondel, B. J. Alter, and M. L. Bach.
1973. Cell-mediated immunity: separation of cells involved in recognitive and
destructive phases. Science 180:403.

6. Alter, B. J., D. J. Schendel, M. L. Bach, F.-H. Bach, J. Klein, and J. Stimpfling.
1973. Cell-mediated lympholysis: importance of serologically defined H-2 re-
gions. J. Exp. Med. 137:1303.

7. Pilarski, L. M. 1977. A requirement for antigen-specific helper T cells in the
generation of cytotoxic T cells from thymocyte precursors. J. Exp. Med.
145:709.

8. Baum, L. L., and L. M. Pilarski. 1978. In vitro generation of antigen-specific
helper T celis that collaborate with cytotoxic T-cell precursors. J. Exp. Med.
148:1579.

9. Melief, C. J., M. Y. van der Meulen, B. J. Christiaans, and P. De Greeve. 1979.
Cooperation between subclasses of T lymphocytes in the in vitro generation
of cytotoxicity against a mutant H-2K difference. An analysis with anti-Lyt
antisera. Eur. J. Immunol. 9:7.

10. Zinkernagel, R. M., G. N. Callahan, A. Althage, S. Cooper, J. W. Streilein, and
J. Klein. 1978. The lymphoreticufar system in triggering virus plus self-specific
cytotoxic T cells: evidence for T help. J. Exp. Med. 147:897.

11. Shaw, J., B. Caplan, V. Paetkau, L. M. Pilarski, T. L. Delovitch, and F. C.
McKenzie. 1980. Cellular origins of co-stimulator (IL 2) and its activity in
cytotoxic T lymphocyte responses. J. Immunol. 124:2231.

12. Schilling, R. M., R. A. Phillips, and R. G. Miller. 1976. T celis in the generation
of cytotoxic T lymphocytes in vitro. |. Use of nude mice as source of non-T
cells. J. Exp. Med. 144:241.

13. Miller, R. G., R. M. Schilling, and R. A. Phillips. 1977. Requirement for non-T-
cells in the generation of cytotoxic T lymphocytes (CTL) in vitro. Il. Character-
ization of the active cells in the spleen of nude mice. J. immunol. 118:166.

14, Lutz, C. T., and F. W. Fitch. 1979. Accessory cell requirements for the
generation of cytolytic T lymphocytes. J. Immunol. 122:2598.

15. Teh, H.-S, E. Harley, R. A. Phillips, and R. G. Miller. 1977. Quantitative studies
on the precursors of cytotoxic lymphocytes. |. Characterization of a clonal
assay and determination of the size of clones derived from single precursors.



2218

16.

20.

21,

22.

23.

24.

J. immunol. 118:1049.

Koren, H. S., and R. J. Hodes. 1977. Effect of tumor cells on the generation
of cytotoxic T lymphocytes in vitro. |. Accessory cell functions of mouse tumor
cells in the generation of cytotoxic T lymphocytes in vitro: replacement of
adherent phagocytic cells by tumor cells or 2-mercaptoethanol. Eur. J. Immu-
nol. 7:394.

. Rollinghoff, M., K. Pfizenmaier, and H. Wagner. 1982. T-T cell interactions

during cytotoxic T cell responses. V. Murine lymphoid dendritic cells are
powerful stimulators for helper T lymphocytes. Eur. J. Immunol. 12:337.

. Farrar, W. L., H. M. Johnson, and J. J. Farrar. 1981. Regulation of the

production of immune interferon and cytotoxic T lymphocytes by interleukin 2.
J. Immunol. 126:1120.

. Farrar, J. J., S. B. Mizel, J. Fuller-Farrar, W. L. Farrar, and M. L. Hilfiker. 1380.

Macrophage-independent activation of helper T cells. |. Production of interleu-
kin 2. J. Immunol. 125:793.

Paetkau, V., J. Shaw, G. Mills, and B. Caplan. 1980. Cellular origins and
targets of co-stimulator. Immunol. Rev. 51:157.

Wagner, H., C. Hardt, K. Heeg, et al. 1980. T-T cell interactions during cytotoxic
T lymphocyte (CTL) responses: T cell-derived helper factor (interleukin 2) as a
probe to analyze CTL responsiveness and thymic maturation of CTL progeni-
tors. Immunol. Rev. 51:215.

Lafferty, K. J., L. Andrus, and S. J. Prowse. 1980. Role of lymphokine and
antigen in the control of specific T cell responses. immunol. Rev. 51:279.
Lalande, M. E., M. J. McCutcheon, and R. G. Miller. 1980. Quantitative studies
on the precursors of cytotoxic lymphocytes. Vi. Second signal requirements
of specifically activated precursors isolated 12 hr after stimulation. J. Exp.
Med. 151:12.

Larsson, E.-L., N. N. Iscove, and A. Coutinho. 1980. Two distinct factors are

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

THREE HELPER FACTORS REQUIRED FOR ACTIVATION OF CYTOTOXIC T CELLS

required for the induction of T cell growth. Nature 283:664.

Larsson, E.-L. 1981. Mechanism of T cell activation. ll. Antigen- and lectin-
dependent acquisition of responsiveness to TCGF is a nonmitogenic, active
response of resting T ceils. J. Immunol. 126:1323.

Reddehase, M., W. Suessmuth, C. Moyers, W. Falk, and W. Droge. 1982.
Interleukin 2 is not sufficient as helper component for the activation of cytotoxic
T lymphocytes but synergizes with a late helper effect that is provided by
irradiated I-region incompatible stimulator cells. J. Immunol. 128:61.

Raulet, D. H., and M. J. Bevan. 1982. A differentiation factor required for the
expression of cytotoxic T cell function. Nature 296:754.

Wagner, H., C. Hardt, B. 7. Rouse, M. Rdllinghoff, P. Scheurich, and K.
Pfizenmaier. 1982. Dissection of the proliferative and differentiative signals
controlling murine cytotoxic T lymphocyte responses. J. Exp. Med. 155:1876.
Galli, P., and W. Droge. 1980. Development of cytotoxic T lymphocyte precur-
sors in the absence of the thymus. Eur. J. Immunol. 10:87.

Shearer, G. M. 1974. Cell mediated cytotoxicity to trinitrophenyl-modified
syngeneic lymphocytes. Eur. J. Immunol. 4:527.

Julius, M. H., E. Simpson, and L. A. Herzenberg. 1973. A rapid method to the
isolation of functional thymus-derived murine lymphocytes. Eur. J. Immunol.
3:645.

Hilfiker, M. L., R. N. Moore, and J. J. Farrar. 1981. Biologic properties of
chromatographically separated murine thymoma-derived interleukin 2 and
colony stimulating factor. J. immunol. 127:1983.

Conzelmann, A., P. Corthésy, M. Cianfriglia, A. Silva, and M. Nabholz. 1982.
Hybrids between rat lymphoma and mouse T cells with inducible cytolytic
activity. Nature 298:170.

Anderson, J., and F. Melchers. 1981. T cell dependent activation of resting B
cells: requirement for both nonspecific unrestricted and antigen-specific la-
restricted soluble factors. Proc. Natl. Acad. Sci. USA 78:2497.



