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ABSTRACT

We investigated the effects that mouse interleukin 3 (IL-3), in compar
ison to mouse 11.-2, has on the generation of cytotoxic effectors capable of

killing line 1 tumor cells. These potent immunological mediators were
delivered locally using gene transfection, rather than systemically, to the
tumor site. We created line 1 transfectants that express high levels of IL-3
(3750 units/ml) or 11-2 (200 units/ml) by driving transcription from the
ÃŸ-actinpromoter. These levels of expression significantly enhanced tumor
rejection in syngeneic mice. 1\imor-infiltrating lymphocytes purified from
IL-3 or IL-2 transfected tumors showed a dramatically enhanced cytotoxic
response to parental line 1 targets. Also, IL-2, but not IL-3, expression
enhanced the nonspecific lysis of YAC-1 cells. In vivo depletion of (1)8

cells "Â¡Himonoclonal antibody 2.43 abrogated the generation of cytotoxic
effectors in both cases. Interestingly, depletion of < 1)4 ' cells with mono

clonal antibody GK1.5 abrogated the IL-3-mediated cytotoxic response
but not the IL-2-mediated response. In vivo depletion of (1)4' or ('1)8'

cells abrogated the effect IL-3 had on reducing tumorigenicity. Reverse
polymerase chain reaction analysis demonstrates that IL-3 transfected

tumors, when compared to untransfected tumors, express increased levels
of IL-2 and II -4 mRNA. These results strongly suggest that IL-3, unlike
IL-2, works to generate cytotoxic effectors by a mechanism that requires
CD4* cells.

INTRODUCTION

The ability of the immune system in some cases to respond to
tumors holds great therapeutic promise for the treatment of cancer
because of the potential to generate a specifically targeted response
against the tumor. However, due to the kinetics of the immune re
sponse and the rapid growth of a tumor, this response is frequently
inadequate. Therefore, understanding the basic mechanisms and fac
tors that regulate the cellular immune response is essential for im
proving treatments that can boost the host's specific antitumor immu

nity. We have utilized a gene transfection scheme to deliver cytokines
directly to the site of tumor growth. This strategy allows us to probe
the effects that cytokines have on the generation of immune effectors
directly within the tumor microenvironment and minimize side effects
that result from systemic treatments. Two cytokines that we have
chosen to investigate are IL-35 and IL-2. IL-3 can be produced by
CTL and both Thl and Th2 helper cells in mice (1-3). Furthermore,

it affects the development and maturation of many hematopoietic cells
including macrophages, granulocytes, eosinophils, erythroid cells, and
mast cells (2^4). However, the role of IL-3 in the development or
proliferation of T-cells is less well defined. IL-2 has well documented
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effects on T-cell growth and indeed, recent reports have shown that it

can act to augment the immune response to tumors (5, 6).
In the current study, we have focused on how these cytokines alter

the T-cell response to line 1, a mouse lung carcinoma. However,
because T-cells need to be generated and clonally expanded to be

effective, they can be obscured by nonspecific effectors that may also
be activated by cytokines. These nonspecific effectors can have sig
nificant effects on the ability of the transfected tumors to grow in vivo,
making it difficult to assess how the cytokine affects the initial T-cell

response. CTL are particularly important effectors because of their
memory and specificity and will likely be the critical effectors for
killing nontransfected tumors at distant sites as found in metastatic
cancers. As an initial step in understanding how cytokines affect the
generation of tumor-reactive CTL, we have characterized tumor
growth as well as how IL-3 and IL-2 affect the cytotoxic activity of

TILs. We have taken advantage of the inducible nature of class I
expression of line 1 to phenotype the TIL effectors. Untreated line 1
cells express very low levels of class I MHC molecules and are not
susceptible to CTL lysis in short term chromium release assays. In
contrast, treatment of line 1 cells with either IFN-y or DMSO induces
high levels of class I and makes them susceptible to CTL lysis (7-9).

This approach allows us to characterize CTL even in the presence of
nonspecific effectors, which might complicate the in vivo analysis.
Here we examine whether the local production of IL-3 can affect the

antitumor response to line 1 and how it compares to the response
generated by IL-2, a known T-cell growth factor.

MATERIALS AND METHODS

Mice. BALB/cByJ mice were purchased from The Jackson Laboratory, Bar
Harbor, ME, and used at 2 to 4 months of age.

Plasmids. The mouse IL-3 and mouse IL-2 genes were obtained from
American Type Culture Collection. The pHÃŸ-Apr-1-neo vector (10) was mod
ified to contain 2 new cloning sites, Kpn\ and Sfi\. IL-3 and IL-2 were

subcloned separately into the SaHIKpn\ and Salii BamHl cloning sites, respec
tively, of this modified vector. PCR was used to incorporate a Sail site at the
5' end and a Kpnl or a BamHl site at the 3' end of each gene. The final

constructs contained only the sequence within the coding regions.
Cell Lines and Transfectants. Line 1, a BALB/c alveolar cell lung carci

noma adapted to tissue culture, was supplied by Dr. J. M. Yuhas (II) and was
maintained as described previously (9). To induce class I expression, the tumor
cells were incubated with media supplemented with 3% DMSO (Sigma) for a
minimum of 7 days or with IFN--y (100 units/ml) for a minimum of 3 days as

described (9). The YAC-1 lymphoma line is derived from an A/Sn mouse and
was maintained in vitro in Excell-300 (JRH Biosciences) supplemented with
either 2 or 5<7cfetal bovine serum. All tumor lines were free of Mycoplasma.

Line 1 cells were transfected with lipofectin (Bethesda Research Laborato
ries) according to manufacturer's instructions. Selection of transfectants was

initiated 24-48 h post-transfection with 400 jig/ml G418 sulfate (geneticin;
Gibco BRL). Selection continued for 10-14 days, after which cells were cloned

by limiting dilution.
Cytokine Proliferation Assays. Supematants were collected from 2 X IO5

cells that were plated in 2 ml of media and cultured for 48 h. DA-1, an
IL-3-dependent cell line, and CTLL. an IL-2-dependent cell line, were used to

test the IL-3 and IL-2 transfectant supematants as previously described by Ihle
et ill. (12) and Mosmann and Fong (13). respectively. The goat anti-murine
IL-3-neutralizing antibody (R&D Systems) was used in the DA-1 proliferation

2112

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/9/2112/2945400/cr0530092112.pdf by guest on 19 M

ay 2023



IL-.1 ENHANCEMENT OF CTL BY CD4 ' CELLS

assay according to manufacturer's instructions. Heat-inactivated normal goat

serum was used as a specificity control for the goat anti-IL-3 antibody.
In Vivo Tumor Growth. Tumor cells (IO2) in a volume of 50 ul were

injected i.m. into the thigh of BALB/cByJ mice. Tumor size was calculated as
the square root of the product of 2 perpendicular diameters, which was mea
sured using vernier calipers. Animals were sacrificed when the mean thigh
diameter reached 14-15 mm or when the mice became moribund.

In Vivo Class I Expression on Tumor Cells. To monitor class I expression
on the IL-3 transfected tumor cells in vivo, 10* IL-3 line 1 cells were injected

i.m. into the thigh of BALB/cByJ mice and allowed to grow for 15 days. The
tumor tissue was treated with 0.27c collagenase (Sigma) for 1.5 h at 37Â°C,

washed, filtered, and cultured for 20 h prior to staining to remove nonadherent
host cells and enrich for tumor cells. The cells were stained with AF4-62.4, an
anti-class I monoclonal antibody (14), or with 135-13C, a monoclonal anti
body reactive with TSP-180 (a6ÃŸ4integrin) ( 15, 16), as described previously

(7. 8). As controls, line 1 cells were cultured for 7 days in vitro in the presence
or absence of 100 units/ml IFN-7. To mimic any loss of class I expression
during the 20-h period, IFN-y was removed from another aliquot of line 1 cells

20 h prior to staining.
TIL Assay. To obtain a sufficient number of TILs. IO5 tumor cells were

injected i.m. into the thigh of BALB/cByJ mice and allowed to grow for 20
days. The Thy-1-expressing cells were purified as described by Yang et ul. (17)
using sheep anti-rat-lgG paramagnetic beads (Dynabeads M-450; Dynal, Inc.)
conjugated to T24/40.7 (anti-Thy-1). The cells were cultured 12-18 h and
tested forcytotoxicity against 5lCr-labeled target cells (2000/well) as described

previously (9). Spontaneous release was never more than 20% of maximal
release for any target.

In Vivo CD4+ and CDS* Cell Depletions. The OKI.5. anti-CD4 and 2.43,

anti-CD8 hybridomas were obtained from American Type Culture Collection.
The GK1.5 and 2.43 ascites were generated in nude mice or in hydrocortisone-

treated and sublethally irradiated BALB/c mice, respectively. In the depletion
experiments assaying for TILs or tumor growth, 2 animals or 3â€”4animals/

group were used, respectively. Ascites ( 100 ul) were injected i.p. on 3 sequen
tial days before the tumor challenge and every other day until the tumor was
harvested. At this dose of antibody, >95% of CD4+ and CD8 + cells were

eliminated from the spleen as determined by flow cytometry. The tumor
challenge (IO5 cells for TILs or IO2 cells for tumor growth) was given on day

4 of the antibody treatment.
Reverse PCR Cytokine Detection in Tumor Tissue. Tumor tissue was

obtained as described above for the TIL assay. On day 20, the tumors were
removed and immediately frozen in liquid nitrogen. Poly A* RNA was purified

and quantitated with oligo dT as described previously (18). Contaminating
DNA was removed from the samples by treating with RNase-free DNase I

(Boehringer Mannheim!. cDNA synthesis and PCR were performed as de
scribed (19) with equivalent amounts of poly A+ RNA.

RESULTS

Characterization of the IL-3 Transfectants. Line 1 cells were
transfected with the IL-3 construct via lipofection and selected for
neomycin resistance. Of 113 neomycin-resistant clones, 42 tested
positive for IL-3 secretion as determined by the DA-1 proliferation

assay. Twelve clones were expanded and a high secretor was chosen
and used in these studies. Fig. 1 shows the IL-3 titration curve for the
supernatant from clone IL-3/L1 1.2.1 (Â±antibody) and recombinant
IL-3 purchased from Genzyme (250 units/ml). By comparison to this
standard, IL-3/L1 1.2.1 is secreting 3750 units/ml of IL-3, which can
be specifically inhibited by anti-murine antibody. This activity is due
to the transfection of the IL-3 construct into the line 1 cells, as the

supernatants from the nontransfected line 1 (Fig. 1) and the parental
line 1 transfected with the same construct without the IL-3 cDNA
(data not shown) do not cause proliferation of DA-1. Analogous
analyses using CTLL indicated that the IL-2 transfected line 1 pro

duced approximately 200 units/ml. A more detailed characterization of
the IL-2 transfectants will be presented elsewhere.6
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Fig. I. Titration of the IL-3 activity in supernatant from the IL-3/LI 1.2.1 transfectant
pretrealed with no antibody (â€¢).normal goat serum (Cj), or with goat anti-mouse IL-3
antibody (O). Parental line I supernatant (A) and rccombinant IL-3 starting at a concen

tration of 250 units/ml (â€¢)are also shown.

IL-3 Decreases Tumorigenicity of Line 1 Cells. The growth of
parental line 1 tumors and that of line 1 tumors transfected with
cDNAs encoding either IL-3 or IL-2 is shown in Fig. 2. The parental
line 1 cells are highly tumorigenic in that an inoculation of IO2 cells

results in progressively growing tumors in all of the animals. Consis
tent with previous reports (5, 6) and our own work,6 expression of

IL-2 augments rejection of line 1 (Fig. 2C). Surprisingly, we found
that IL-3 expression also results in the decreased ability of these cells

to form tumors (Fig. 20). These results are not due to effects of
cytokine on the growth of the line 1 cells, since the growth of all these
lines in vitro is similar (data not shown).

TILs Isolated from IL-3 Transfected Line 1 Tumors Show Sub
stantial Specific Cytotoxic Activity. Because IL-3 promoted tumor
rejection, we wanted to assess whether cytotoxic effectors were being
stimulated within the IL-3 transfected tumor. We could take advantage

of the inducible nature of class I expression of line 1 to phenotype the
effectors. Untreated line 1 cells express very low levels of class I
MHC molecules and are not susceptible to CTL lysis in short term
chromium release assays. In contrast, line 1 cells treated with either
IFN-7 or DMSO express high levels of class I and are susceptible to
CTL lysis (7-9). We isolated Thy-1+ lymphocytes from parental and

IL-3- or IL-2 transfected tumors and assayed these cells for their

ability to kill induced (class I high) and uninduced (class I low)
parental line 1 and YAC-1 targets. A representative of 3 experiments
with similar results is shown in Fig. 3. TILs isolated from untrans-

fected line 1 tumors have negligible cytotoxic activity on all targets
(Fig. 3A). The TILs isolated from the IL-3- and IL-2 transfected

tumors (Fig. 3, B and C) lyse induced line 1 cells efficiently (>45%
lysis at 20:1 effectontarget ratio), but not the uninduced line 1 cells
(<15% lysis at 20:1 effectontarget ratio). Interestingly, IL-3-stimu-
lated effectors did not lyse YAC-1 cells effectively, whereas the IL-
2-stimulated effectors did (Fig. 3, B and C). It is very likely that the
IL-2-stimulated killing of YAC-1 reflects LAK or NK cell activity.
Since the level of lysis of induced line 1 from the IL-3 TILs is com
parable to that found from the IL-2 TILs, it suggests that IL-3 is af

fecting the maturation and/or proliferation of CTL.
The finding of CTL within the transfected line 1 cells might seem

paradoxical given that line I cells normally express very low levels of
class I MHC antigens and are not lysed efficiently by CTL in stan
dard short term cytotoxic assays (8, 9). To investigate whether the
line 1 cells are induced in vivo, we isolated IL-3 transfected line 1

tumor cells that had grown in vivo for 15 days. Tumor cells were
isolated by adherence to plates and stained for class I expression and
for TSP-180 (a6ÃŸ4integrin), which is highly expressed on the line 1
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Fig. 2. In \'i\'o tumor growth of parental (A ). IL-3 transfected (ÃŸ),and IL-2 transfected

(C) line I. Lines, individual mice.

cells and not on most host cells. There is relatively little change in
class I expression during the 20-h incubation; cells removed from
IFN-y for this period express 150-fold higher class I than untreated
cells, whereas cells maintained with IFN-y are induced 180-fold, to

densities comparable to those found on spleen cells. As can be seen
in Fig. 4, essentially all of the IL-3 transfected cells grown in vivo
express TSP-180 and also stain for class I expression. These cells are
highly induced for class I expression, and express 38-fold higher
class I than the control (untreated) line 1 cells. Thus, the IL-3 trans-

fectants from the tumor express high levels of class I MHC, though
somewhat lower class I than line 1 cells maximally induced with
IFN-y and cultured without IFN-y for 20 h. The IL-3 transfected

cells grown in vitro express low levels of class I (data not shown).
These results demonstrate that the IL-3 transfected cells are induced
in vivo. Similar results were obtained for the IL-2 transfected line 1

cells (data not shown). This is consistent with our previous work,
which showed that CTL clones can induce class I on uninduced line
1 cells via the production of IFN-y, ultimately leading to the their

lysis by a positive feedback loop (9, 20).
IL-3 Enhanced Generation of Cytotoxic Effectors against Line

1 Cells Requires CD4+ Cells. In vivo depletion of CD4+ or CD8 +

cells with monoclonal antibodies was performed to investigate the
mechanism by which IL-3 enhances the generation of cytotoxicity to

line 1. As might be expected, depletion of CDS+ cells in vivo results

in the loss of cytotoxic effectors from both IL-2- and IL-3-secreting
tumors (Fig. 5, C and D). Strikingly, depletion of CD4+ cells in vivo

results in the lack of cytotoxic effectors in only the IL-3 TILs. The
IL-2-stimulated TILs isolated from CD4+-depleted animals show no

difference in their cytotoxicity compared to those isolated from un
treated animals (Fig. 5, B and C).

Depletion of CD4+ or CDS* T-Cells Increases the Tumorigenic-

ity of the IL-3 Transfected Line 1 Cells. In order to determine
whether T-cells played an important role in the reduced tumorigenicity
of IL-3 transfected line 1 cells, mice were depleted of either CD4+ or
CD8+ cells and challenged with IL-3 transfected line 1 cells (Fig. 6).
As shown from the TIL experiments, depletion of CD4+ cells will
result in the depletion of both CD4+ and the CD8+ effectors. As
before, IO2 IL-3 transfected cells do not form a tumor. In contrast, the

same number of cells formed tumors in 4 of 4 CD4-depIeted animals,
and in 3 of 3 of the CDS-depleted animals. These results demonstrate
that CTL are important in reducing the tumorigenicity of the IL-3

transfected tumor. However, it should be noted that the kinetics of
tumor growth are somewhat slower than the untransfected cell lines,
suggesting that although the CTL are important in reducing tumori
genicity, other cells may also be playing a role in slowing the growth
of the tumor.

IL-2 and IL-4 mRNA Can Be Detected in the IL-3 Transfected
Tumors. Since CD4+ cells were required for the enhancement of

cytotoxicity in the IL-3 transfected tumor, we reasoned that IL-3
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Fig. 3. Cytotoxicity analysis of TILs isolated from parental (A). IL-3 transfected (ÃŸ),

and IL-2 transfected (C) line I tumors. Targets included uninduced (class I-low), line I
(O), line I induced for class I with DMSO (â€¢).and YAC-I (A).
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expression (B, D, and Fi on uninduced line I parental cells (A and B). IFN-y-induced line
1 parental cells (C and D). and the IL-3 transfected line 1 tumor tissue (E and /â€¢").

might be enhancing the production of cytokines important in CTL
generation through the stimulation of CD4+ helper T-cells. Fig. 7

shows by reverse PCR analysis that both IL-2 (Fig. 7, Lane c) and
IL-4 (Fig. 7, Lane g) mRNA are present in the IL-3 transfected tumor.

Other experiments suggested that the faster migrating band detected in
Fig. 7, Lane c, may be a single stranded form of IL-2 made during the
PCR cycling (data not shown). Neither IL-2 (Fig. 7, Lane a) nor IL-4
(Fig. 7, Lane e) mRNA is seen in significant amounts in the untrans-
fected line 1 tumor. PCR analysis using actin-specific primers results
in bands of similar intensity from the line 1 and the IL-3 transfected

tumor (data not shown), demonstrating that the mRNA was intact and
that the reverse transcriptase and PCR procedures functioned properly.
Furthermore, the signals were reverse transcriptase dependent, show
ing that these signals come from RNA and not contaminating genomic
DNA. These data show that mRNA encoding cytokines produced by
CD4"1"cells are present in the tumor. However, it is important to note

that these data do not explicitly delineate which cell population is
making these cytokines. For example, we cannot eliminate the possi
bility that CTL and mast cells contribute to the IL-2 and IL-4 signals,

respectively.

DISCUSSION

The transfection and expression of IL-3 in line 1 tumor cells have

a novel effect on the generation of antitumor cytotoxic effectors, and
indeed stimulate CTL as well as IL-2, a known T-cell growth factor.
This effect on cytotoxicity is surprising, since IL-3 has been consid
ered primarily a stimulator of hematopoietic precursors and granulo-

cyte, myeloid, and mast cells (2, 3). Using paramagnetic beads and
short term culture, we have been able to analyze the quantity and type
of cytotoxic effector cells generated essentially as they come out of
the animal. Analysis of the effectors generated within the tumor al
lowed us to demonstrate that the cytokine milieu within the tumor
dramatically influences the number and specificity of the cytotoxic
effectors.

It should be emphasized that tumor rejection is a complex process
and can result from specific as well as nonspecific effector mecha

nisms. It is very likely that CTL we observe in the TILs play a role in
the reduced tumorigenicity of the IL-3 tumors, since we find signif
icant levels of cytotoxic activity in the TILs of the IL-3 transfected

tumors. Furthermore, the tumor cells are induced in vivo to express
class I, thus making them susceptible to CTL lysis. Also, the depletion
of CD4+ or CD8+ cells, which eliminates the generation of CTL in

the IL-3 transfected tumors, increases the tumorigenicity of the IL-3
transfected line 1cells. However, the fact that the IL-3 transfected line
1 cells grew at a somewhat slower rate in the CDS- or CD4-depleted

animals compared to untransfected line 1 cells in normal animals
suggests that other nonspecific effectors are playing a role. It is clear
in some systems that nonspecific effectors can have potent and im
portant antitumor effects. For example, in some reports using IL-4 and
IFN-7 transfected tumors, this rejection appears to be mediated by
nonspecific effectors (21-23), although in other reports using different

tumor models and the same cytokines there appears to be a critical
CTL component (24, 25). Not only can specific and nonspecific
effectors be involved in tumor rejection, but interactions between
these effectors can be important. Indeed, it has recently been sug
gested that "cross-talk" between nonspecific and specific effectors

mediated by cytokines is important in the antitumor response (26).
It is somewhat surprising that IL-3 enhanced the development of

CTL through a CD4+-dependent mechanism. IL-3 may affect T-cells,

particularly in early development of pre-T-cells or progenitor cells (2,
3). However, the direct effects of IL-3 on mature T-cells are more
controversial (2, 3). There are several possible models by which IL-3
could be acting. In perhaps the simplest model, IL-3 could stimulate
CD4+ T-cells to proliferate and produce cytokines, such as IL-2 and

IL-4, which might aid in the development of CTL. This effect could
act directly on the T-cells or indirectly, for example, by enhancing
antigen-presenting cell function. The involvement of CD4+ T-cells is

consistent with our demonstration that IL-2 and IL-4 mRNA can be
detected within the IL-3 transfected tumors at higher levels than in

untransfected line 1 tumors. However, other plausible models could be

IL-2/ANT1-CD4

1 10 100 1 10
EFFECTOR : TARGET

100

Fig. 5. Cylotoxicity analysis of TILs isolated from IL-3 (A and C) or IL-2 (B and D)
transfected tumors injected in CD4+ (A and B) or CD8+ (Cand D) depicted mice. Targets

were uninduced (class I-low). line 1 (O). line 1 induced for class I with DMSO (â€¢).and
YAC-1 (A).
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non-CTL cytotoxic effectors. Thus, production of IL-3 within the line
I tumor generates predominantly CTL. whereas IL-2 production gen

erates both CTL and LAK. Because the phenotype and surface mark
ers of LAK and NK cells are controversial, in this study, we have
relied on the inducible nature of the line I tumor model to functionally
phenotype the effectors. We have previously reported that uninduced
line I is not lysed by CTL in short term assays, but that induced line
I is highly susceptible to CTL lysis (8, 9). In the case of the TILs
isolated from IL-3 transfected tumors, the effectors only kill the

induced line I and not the uninduced line I. Furthermore, the lack of
killing of YAC-1 cells, a good NK and LAK target, strongly suggests
that the cytotoxic effectors from IL-3 tumors are classical CTL. In
contrast, the TILs isolated from IL-2 transfected tumors show sub
stantial cytotoxic activity against YAC-1. In both cases, the in vivo
depletion data suggest that the effectors in the TILs are CDS * (or
require CDS* cells), since depletion with anti-CD8 monoclonal anti

body eliminates the cytotoxic activity.
The finding that CD4+ cells are required to enhance the cytotox-

icity by IL-3 and that cytokines that are produced by CD4f cells

(including IL-2 and IL-4) are found in the IL-3 transfected tumors
raises the issue of why the effector phenotypes from the IL-2 and IL-3

tumors are different. One possibility is suggested by studies demon
strating that IL-3 prevented the IL-2-mediated generation of NK cells
(28) and that infusion of IL-3 in vivo down-regulates the generation of
NK cells from bone marrow progenitors. In humans. IL-3 strongly

inhibits the induction and function of LAK cells (29). If this is also
true for the nonspecific effectors generated in the IL-3 transfected
mouse tumors, IL-3 may paradoxically suppress the generation of the

nonspecific effectors while promoting the generation of CTL. Another
possibility is that the levels of cytokine being produced are critical for
determining the specificity of the effectors. For example, it may be
that within the tumor microenvironment less IL-2 is needed to gen

erate CTL than that required to generate LAK or NK effectors. Thus,
the quantitative levels of cytokine as well as the presence or absence
of a cytokine may need to be taken into account when developing

IL-2 IL-4
abed efgh

Fig. 6. In vii1Â»tumor growth of IL-3/LI 1.2.1 in nondepleted (A ). CD4 ' depleted (ÃŸ).

or CDS depleted (Ci mice. Lines, individual mice.

envisioned. For example, IL-3 could act directly on CTL or their
precursors to up-regulate receptors for cytokines produced by CD4 +

cells. Thus, IL-3 would augment the responsiveness of CTL to fac

tors present within the tumor microenvironment. Whatever the pre
cise mechanism by which CD4 ' cells act. it is intriguing that the
anti-line 1 response stimulated by IL-3 requires CD4 ' cells. Perhaps

this is a reflection of the relatively weak immunogenicity of the line
1 tumor. In contrast, recent evidence with CD4-deficient mice cre

ated by homologous recombination suggests that for some viral in
fections, CD4* cells may not be required to generate CTL (27).

Therefore, it is possible that strong immunogens such as viruses,
which generate large amounts of endogenous peptides, may not need
CD4 "help." whereas weak tumor antigens, such as found on the line

1 tumor, may require it.
Surprisingly, we have found from TIL analysis that similar amounts

of classical cytotoxic T-cell activity were generated by IL-2 and IL-3,
despite the finding that much higher doses of IL-2 transfected tumor
can be rejected compared to the doses of IL-3 transfected tumor (data

not shown). This increased rejection likely reflects the enhancement of

Fig. 7. Detection of IL-2 (Lanes a-d) and IL-4 (Lanes e-h) mRNA in the untransfected
(Lanes a, h, e, and/) and IL-3 transfected (laines c, d, g, and /i) line I tumors using reverse

PCR. Reverse transe ripiase was used in the samples displayed in Lanes a, c, e, and #. Top
and bottom arrowheads, expected migrations of IL-2 and IL-4. respectively.
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specific antitumor therapies. Finally, it is also possible that the com
binations of cytokines produced within the tumor are important. For
example, our finding that IL-4 and IL-2 are produced in the IL-3

transfected tumor raises the possibility that Th2 as well as Thl cells
are involved, which may also alter the cytokine environment and thus
affect the type of effectors generated.

IL-3 has potent effects on the mouse in vivo (2-4). Consistent with
these effects, we found that mice harboring an IL-3 secreting tumor

have dramatically enlarged spleens. Also, the skin of mice became
noticeably pink, with the color correlating to the growth of the tumor.
Clearly IL-3 was having other significant effects in vivo distinct from
the generation of CTL. Indeed, these other effects of IL-3 limited the
number of the IL-3 transfected tumor cells that we could give, inas

much as the mice had significant morbidity at higher tumor doses. For
example, at a dose of IO3 IL-3 transfected tumor cells, 33% (2 of 6)

of the animals rejected the tumor challenge; the remaining mice en
countered severe side effects, well before the size of the parental line
1 tumor causes significant morbidity. At a tumor dose of IO4 cells, all

the mice had to be sacrificed because of these side effects. This may
be a reflection of the amount of IL-3 (3750 units/ml) produced from
the strong ÃŸ-actinpromoter. It will be interesting to construct cells
that express differing amounts of IL-3 and explore the effects that
different levels of IL-3 produce in terms of the effector generation
and side effects. It may be possible to find a dose of IL-3 that engen

ders cytotoxicity but not significant systemic effects.
In summary, we have described an unexpected effect of IL-3 in the

generation of antitumor effector cells. The requirement forCD4+ cells

illustrates the diverse interactions mediated by cytokines. Additional
experiments will characterize the mechanism by which IL-3 stimu
lates the generation of CTL. The novel finding that IL-3 aids in the

generation of functional antitumor CTL may ultimately be important
when designing therapies or vaccines to specifically enhance partic
ular subsets of effectors such as CTL.
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