











To determine whether the presence of inflammation
during CD8 T cell activation maintains IL-2 sensitivity, we
harvested OT-I CD8 T cells from DC+CpG- or DC alone—
immunized mice at day 4 after immunization and measured
STATS5 activation (STAT5-pY694) in response to titrated
IL-2 stimulation in vitro. Consistent with their CD25 ex-
pression, OT-I CD8 T cells from DC+CpG-immunized
hosts exhibit more robust STAT5-pY694 in response to at
lower concentrations of IL-2 than those from DC alone—
immunized mice (Fig. 6 E). When CD25 was blocked on
the surface of OT-I cells at day 4 after immunization from
DC+CpG-immunized mice, IL-2 sensitivity (as measured by
STAT5-pY694) was reduced to levels exhibited by OT-I
CDS8 T cells from mice immunized with DC alone (Fig. 6 E).
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Figure 6. Both IL-12 and type | IFN pro-
mote IL-2 sensitivity by sustaining expres-
sion of IL-2R A by activated CD8 T cells.
OT-1 CD8 T cells were adoptively transferred
into naive hosts and, 1 d later, recipient mice
were given DC or DC+CpG immunization.

(A) Surface expression of IL-2Ra (CD25) and
CFSE dilution by splenic OT-I cells from unim-
munized hosts or from hosts given DC alone
or DC+CpG immunization 2-4 d prior.

(B) Surface CD25 and IL-2RB (CD122) expres-
sion by splenic OT-I cells from mice immu-
nized with DC alone or DC+CpG d5-7 d
before. (C) Surface CD25 and CD122 expres-
sion by splenic WT or IFNAR KO OT-I CD8

T cells from DC or DC+CpG-immunized hosts
at days 3 or 5 after immunization after being
previously treated with control IgG (IgG) or
anti-IL-12p40 (C17.8) at day 0 after immuni-
zation. (D) Surface expression of CD25 and
CD122 by splenic WT or IL-12RB32 KO OT-I
CD8 T cell from d3, 5, and 7 after virLM-
OVA-infected hosts. (E) At day 4 after DC or
DC+CpG immunization, splenic OT-I cells
were purified from mice given DC+CpG or DC
alone immunization, and then left unstimu-
lated (T,; solid gray histogram) or given IL-2
stimulation for 15 min (T;s; hollow black his-
togram) at indicated concentrations in the
presence of control IgG or PC61 (CD25 block-
ing antibody) prepretreatment. All experi-
ments are representative of two to three
independent experiments.

These data indicate that both IL-12 and type I IFN increase
the duration of CD25 surface expression by activated CD8
T cells, and suggests that maintenance of high-affinity IL-2
signaling may act secondarily to inflammatory cytokines to
promote extended division and accumulation of activated
CD8 T cells.

Sustained IL-2 signaling is important secondarily

to inflammation for extended division and optimal
accumulation of activated CD8 T cells in vivo

To assess the contribution of extended IL-2 signaling on the
accumulation of CD8 T cells activated in the presence of in-
flammation in vivo, we neutralized endogenous IL-2 with
blocking antibody (JES6-1A12; Boyman et al., 2006) after
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DC alone or DC+CpG immunization at time points corre-
sponding to the window of extended CD25 expression (4—6 d
after immunization). Although the frequencies of OT-1 CD8
T cells in DC alone—immunized mice were unaffected by
in vivo IL-2 blockade at day 5 after immunization, this treat-
ment significantly decreased the division and accumulation of
DC+CpG primed OT-1 CD8 T cells at both day 6 and 7
after immunization (Fig. 7, A and B). Importantly, IL-2
blockade reduced the expression of FoxM1 protein in OT-I
CD8 T cells from DC+CpG-immunized hosts at day 67
after immunization compared with IgG control treatment
(Fig. 7 G). These results directly show that the ability of in-
flammation to maintain high levels of FoxM1 expression and
to extend the division/accumulation of activated CD8 T cells
depends on continued IL-2 signaling throughout later phases
(day 4-7) of expansion.
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To test whether continued IL-2 signaling was sufficient
to extend the division and accumulation of OT-I CD8 T cells
primed in the absence of inflammation, we treated DC
alone—immunized mice with stimulatory IL-2/S4B6 anti-
body complexes (Boyman et al., 2006) from day 4 to 6 after
immunization. IL-2-S4B6 antibody complexes substantially
increases the proliferation of CD122* CD8 T cells (indepen-
dently of CD25) by inducing high-affinity IL-2 signaling
similarly to that elicited by IL-2Ra (Boyman et al., 2006;
Boyman and Sprent, 2012). Interestingly, administration of
IL-2/84B6 complexes enhanced the accumulation and divi-
sion of OT-I CD8 T cells from DC alone—immunized mice
when compared with those treated with IgG control (Fig. 7,
C and D). Not only was IL-2-S4B6 complex treatment able
to extend the division of WT OT-I CD8 T cells in DC
alone—immunized mice, but this treatment also increased the
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number of IL-1232R KO and IFNAR KO OT-1 CD8T cells
at day 7 after DC+CpG immunization (Fig. 7 E). Impor-
tantly, in vitro stimulation of DC+CpG primed OT-1 CD8
T cells with IL-2 was able to maintain FoxM1 expression in
a PI3K-dependent manner (Fig. 7 F). Concordantly, extend-
ing high-affinity IL-2 signaling with IL-2-S4B6 complexes
also enhanced FoxM1 protein expression in vivo by OT-I
CDS8 T cells in from DC alone—immunized hosts (Fig. 7 G).
Although it 1s already known that robust IL-2 signaling will
decrease the expression of CD127 by activated CD8 T cells
(Xue et al., 2002), the reduction of IL-2 signaling during
later phases of the CD8 T cell response did not substantially
alter differentiation according to CD127/KLRG-1 expres-
sion (Fig. 7 H). Together our data indicate that the presence
of CpG-induced inflammation early in the response permits
continued CD8 T cell division and accumulation by extend-
ing the window of high-affinity IL-2 signaling.

DISCUSSION
Optimal accumulation of effector CD8 T cells is critically
dependent on the integration of multiple signals, including
signal 3 cytokine stimulation (Curtsinger and Mescher, 2010).
In vivo, signal 3 cytokines such as IL-12 and IFN-o/f3 are
known to be important for the optimal accumulation of ef-
fector CD8 T cells after LM (Keppler et al., 2009, 2012;
Xiao etal., 2009) or LCMV infection (Kolumam et al., 2005;
Aichele et al., 2006). Most studies to date have relied on
short-term in vitro T cell stimulations to address the under-
lying mechanisms to account for the ability of inflammatory
cytokines to optimize CD8 T cell accumulation (Curtsinger
et al. ., 1999, 2003a; Valenzuela et al., 2002, 2005; Mescher
et al., 2006; Xiao et al., 2009). From this work, two models
have emerged to explain the mechanism of signal 3 cyto-
kines; however, their physiological relevance to the in vivo
accumulation of effector CD8 T cells remained undefined.
The first signal 3 model suggested that inflammatory
cytokine stimulation increases the accumulation of CD8T cells
after activation by enhancing survival during proliferation
(Valenzuela et al., 2005). In contrast to the survival model, CpG-
induced inflammation during immunization in vivo did not
substantially alter mRNA expression of genes with described
apoptotic/survival roles in responding CD8 T cells, nor did we
observe decreased expression of apoptosis markers in this T' cell
population. Previous in vitro work has attributed signal 3 cyto-
kine-enhanced survival to increased Bcl-3 expression by acti-
vated CD8T cells (Mitchell et al., 2001;Valenzuela et al., 2005);
however, we did not detect any difference in Bcl3 transcript
between OT-I CD8T cells from DC or DC+CpG-immunized
mice at 5 or 7 d after immunization in our in vivo study. Thus,
it appears that the current signal 3 survival model is insufficient
to explain how inflammatory cytokines increase activated CD8
T cell accumulation in vivo. Instead, our study indicates that
signal 3 cytokines induce the optimal accumulation of acti-
vated CD8 T cell by guiding the extent of their division.
The second model proposes that signal 3 cytokines (i.e.,
IL-12) rapidly and transiently increased both IL-2Ra (Pipkin
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et al., 2010; Valenzuela et al., 2002) and IL-2R 3 (Valenzuela
et al., 2002) expression. Importantly, enhanced expression of
these receptors in CD8 T cells was transient, peaking at 36 h
after in vitro cognate antigen stimulation, and then declining
(Valenzuela et al., 2002; Curtsinger and Mescher, 2010; Pipkin
et al., 2010). Thus, these data suggest that signal 3 cytokines
provide a proliferative advantage to responding CD8 T cells
at early time points after activation. However, we demon-
strate that the transient expression of signal 3 cytokines dur-
ing in vivo activation does not immediately enhance CD25
expression or CD8 T cell accumulation/division at early time
points. Instead, the presence of signal 3 cytokines during im-
munization substantially increased activated CD8 T cell ac-
cumulation only at relatively late time points (i.e., from
days 67 after immunization). Our in vivo data also indicate
that rather than transiently increasing the overall expression of
IL-2Ra and IL-2R 3 expression at early time points, signal 3
cytokine stimulation in vivo promotes optimal accumulation
of activated CD8 T cells by specifically increasing the dura-
tion of IL-2Ra expression (but not modulating IL-2R3 ex-
pression), and thus maintaining sensitivity to IL-2 signaling at
relatively late time points (days 4—6 after immunization) in
the response. Not only were we able to verify that in vivo
production of IL-12 is capable of prolonging IL-2Ra expres-
sion, but this study is also the first to indicate that type I IFN
signaling is also important for sustained expression of the
high-afhinity IL-2 receptor in DC+CpG-immunized mice.
Interestingly, Gil et al. (2012) have indicated that type I IFN
stimulation can activate STAT4 signaling (typically associated
with IL-12 stimulation) in CD8 T cells during infection.
Whether IL-12 and type I IFN signal by parallel or synergis-
tic pathways to sustain IL-2ro expression by activated CD8
T cells remains to be explored by future studies. In turn,
these data may resolve a long standing conundrum in the
field, whereby the critical signal 3 cytokine depends on the
pathogen, and specific pathogen inflammatory milieu, used
to elicit the T cell response (Haring et al., 2006).

Consistent with this mechanism, sustained IL-2 signaling
(days 4—6 after immunization) was critical for continued ex-
pression of cell cycle progression genes and proteins, extended
division, and enhanced accumulation of OT-I CDS8 T cells in
DC+CpG-immunized hosts. Because OT-1 CD8T cells from
DC+CpG undergo extended division when transferred into
naive hosts and activated OT-I effector CD8 T cells produce
almost no IL-2 additional in vitro stimulation (Badovinac et al.,
2005), we predict that continued division is in response to basal
levels of IL-2 produced by the recipient host (similarly de-
scribed for regulatory T' cells; Malek et al., 2008) rather than
autocrine IL-2 (Feau et al., 2011). Thus, we propose that signal 3
cytokine stimulation enhances the accumulation of activated
CDS8 T cells, not by increasing early survival or proliferation,
but rather by temporally orchestrating responsiveness to sec-
ondary cytokine signals that permit continued division late
during the expansion phase.

Data from our study also sheds light on the complex in-
volvement of IL-2 on the differentiation of activated CD8
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T cells. Early CD25 expression and IL-2 signaling have pre-
viously been shown to promote effector CD8 T cell differen-
tiation (Kalia et al., 2010; Pipkin et al., 2010). Another study,
by Williams et al. (2006), indicates that the acquisition of
memory characteristics (e.g., CD127 expression) by CDS8
T cells is accelerated in CD25-deficient CD8 T cells. In con-
trast, in vivo blockade of IL-2 from days 4—6 after immuniza-
tion was not coupled to changes in CD127 and KLRG-1
expression by responding CD8 T cells at day 7 after infec-
tion. Thus, the impact of IL-2 signaling on effector differen-
tiation and accumulation can be separated. Together, these
data suggest that early IL-2 signaling has a profound and in-
delible impact in promoting effector CD8 T cell differentia-
tion, whereas late high-affinity IL-2 signaling extends the
division and accumulation of effector CD8 T cells. Interest-
ingly, serum IL-2 levels also peak within 24 h after CpG
treatment (unpublished data), thus, the strength of IL-2 sig-
naling at early and late time points may also determine the
impact on differentiation and proliferation.

Currently, the role of IL-2 during the primary expansion
of activated CD8 T cells is controversial. In a previous study,
Obar et al. (2010) used WT/CD25 KO bone marrow chime-
ric mice to indicate that the absence of CD25 decreases the
expansion of LM-specific CD8 T cells by ~4-5 fold relative
to their WT counterpart. However, Williams et al. used adop-
tive transfer study with P14 TCR-transgenic cells to indicate
that the expansion of antigen-specific CD8 T cells during
LCMYV Arm infection is only modestly (approximately two-
fold) decreased in the absence of CD25 (Williams et al., 2006),
whereas our study indicates that the importance of late (day 4-6
after immunization) IL-2 signaling is more substantial (~5
fold). However, this discrepancy may be explained by differ-
ences in the duration of antigen presentation. Antigen presen-
tation during DC immunization is not detectable 48 h after
immunization (Badovinac et al., 2005). In contrast, antigen
presentation during LCMV Arm infection persists as late as
5 d after infection (unpublished data; Ahmed, R., personal
communication). As a result, we speculate that the mainte-
nance of high-affinity IL-2 signaling is important for guiding
the optimal division and accumulation of activated CD8
T cells when antigen presentation is limiting. However, future
work is required to verify this notion.

Expression of transcription factors such as T-bet, 1d2,
Eomes, and Blimp-1 can be affected by cytokine signaling
and are also known to dictate the differentiation of CD8
T cells (Intlekofer et al., 2005; Cannarile et al., 2006; Kallies
et al., 2006, 2009; Joshi et al., 2007;Yang et al., 2011). How-
ever, a transcription factor that is regulated by signal 3 cyto-
kines and is specifically responsible for the magnitude of CD8
T cell responses has yet to be identified. In this study, we are
the first to demonstrate that sustained mRNA and protein
expression of forkhead family transcription factor FoxM1 in
activated CD8 T cells depended on early IL-12/type I IFN
signaling and, thereafter, continued IL-2 signaling in vivo.
Not only was FoxM1 expression concordant with extended
division of activated CD8 T cells in response to inflammatory
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immunization, but we also found that the presence of inflam-
mation during priming extends the transcript expression of
many FoxM1 targets. Because FoxM1 has been previously
shown to be critical for the division of naive CD8T cells after
activation via anti-CD3/CD28 stimulation (Xue et al., 2010),
it is likely to be an important transcription factor that works
to extend the division of CD8 T cells when activated in the
presence of inflammation.

In conclusion, our data indicate that IL-12 and type I IFN
work together to promote the accumulation of activated CD8
T cells by extending the duration of cellular division, rather
than by enhancing survival of responding cells or providing
an early proliferative advantage. Early induction of inflamma-
tory cytokines, such as IL-12 and type I IFN, work together
to extend division of activated CD8 T cells by sustaining the
window of high-affinity IL-2 signaling into late time points
during expansion. Thoroughly understanding the sequence
of events, which ultimately guide the magnitude of CD8
T cell responses, would be of benefit for the design of future
therapies that critically depend on appropriately sized CD8
T cell responses.

MATERIALS AND METHODS

Mice, bacteria, and DCs. C57BL/6 mice (Thyl.2 and CD45.1) were
obtained from the National Cancer Institute and used for experiments at
6—10 wk of age. T cell receptor transgenic OT-I (Thy1.1) mice have been
previously described (Hogquist et al., 1994). IL-12R31 KO OT-I CD8
T cells and IFNAR KO mice were kindly provided by M. Mescher
(University of Minnesota, Minneapolis, MN). IFNAR KO OT-I mice were
generated by appropriate breeding. IL-12R32 KO mice were purchased
from Jackson Laboratory. All KO mice were backcrossed at least 10 times
onto the C57BL/6 background. Mice were used in compliance with the
United States Department of Health and Human Services Guide for Use of
Laboratory Animals, as documented in writing and approved by the Univer-
sity of [owa Animal Care and Use Committee. Virulent LM strain express-
ing OVA,s; (virLM-OVA) were grown, quantified, and injected at 2 X 10*
cfu/mouse as previously described (Pope et al., 2001; Pham et al., 2009;
Wirth et al., 2010). Splenic DCs were isolated after subcutaneous injection
of C57BL/6 mice with 5 X 10° B16 cells expressing FIt3L as described previ-
ously (Pham et al., 2009).

Antibodies, MHC class I tetramers, PI3K inhibitors. The FACS anti-
bodies were used with the indicated specificity and the appropriate combi-
nations of fluorochromes. The following antibodies were purchased from
BioLegend: Thyl.1 (OX-7), Thy1.2 (30-H12), CD45.2 (104), CD8« (33-6.7),
BrdU (Bu20a), CD132 (TUGm?2), and KLRG-1 (2F1). The following anti-
bodies were purchased from eBioscience: CD127 (A7R34), CD25 (PC61.5),
CD122 (5H4), CD8 (53—6.7), Syrian Hamster, rat IgG1 (eBFG1), rat IgG2b
(eB149), and IgG2a (eBRa). V5.1 (MR9-4) was purchased from BD. Anti-
STATS5 (pY694; 47/STAT5) was purchased from BD. Anti-Akt (pS473)
was obtained from Cell Signaling Technology. Western mAb for Cyclin A
(CY-AT1; mouse) was purchased from Sigma-Aldrich, FoxM1 (rabbit) and
Cyclin B1 (rabbit) were purchased from Cell Signaling Technology, and
B-actin (mouse) was purchased from Santa Cruz Biotechnology. S. Varga
(University of Iowa, lowa City, IA) provided PC61.5 mAb used for CD25-
blocking experiments. Anti—-IL-2 mAb were purified from S4B6 and JES6-
1A12 hybridomas were purchased from American Type Culture Collection.
IL-12p40 neutralizing antibody was provided by G. Trinchieri (The Wistar
Institute, Philadelphia, PA). MHC class I tetramers (K®) specific for OVA 54
were prepared using published protocols (Altman et al., 1996; Busch et al.,
1998). PI3K inhibitors (Wortmannin and Ly249002) were kindly provided
by J. Houtman (University of lowa, Iowa City, IA).
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Microarray. At day 7 after immunization, OT-I CD8 T cells were FACS
sorted from separate pools of naive DC+CpG or DC alone-immunized mice.
OT-1CD8 T cell populations were ~99% pure and vital. Absolute CD8" T cell
yields ranged from 6 X 10% to 2 X 10¢ T cells per sorted sample. RNA from three
independent pools of purified CD8 T cells from each immunization was ex-
tracted using RNEasy kit (QIAGEN), and 5-50 ng of total RNA was used for
microarray analysis. RINA quality was assessed using the Agilent Model 2100
Bioanalyzer. RNA for the microarray was processed using the NuGEN WT-
Ovation Pico RNA Amplification System along with the NuGEN WT-
Opvation Exon Module. Samples were hybridized and loaded onto Affymetrix
GeneChip Mouse GENE 1.0 ST arrays. Arrays were scanned with the Affyme-
trix Model 7G upgraded scanner, and data were collected using the GeneChip
Operating Software. Significant regulation scored a false-discovery rate (FDR) <
0.01. GSEA (Subramanian et al., 2005), and DAVID (Huang et al., 2009) were
performed as previously described. The microarray data are available in the Gene
Expression Omnibus (GEO) database under the accession no. GSE53200.

Adoptive transfer experiments and BrdU incorporation. Thyl.1 and
Thy1.2 OT-I1 CD8 T cells were obtained from the blood or spleens of naive
donors, and the number of input OT-I was calculated as previously de-
scribed (Badovinac et al., 2007). Approximately 600 Thy1.1 or Thy1.2 OT-I
CD8 T cells were transferred into each naive Thy1.2 or CD45.1 C57BL/6
recipient mouse, respectively. For early time points (e.g., days 2—4 after im-
munization), ~5 X 10* OT-I1 CD8 T cells were transferred unless otherwise
stated. To induce systemic inflammation/signal 3 cytokine production dur-
ing priming, 200 ug of CpG oligonucleotide 1826 (Integrated DNA Tech-
nology) was injected i.p. at time of DC immunization (Pham et al., 2009).
All mice given DC immunizations were injected i.v. with ~5 X 10> ma-
tured/peptide-coated DCs at day O after immunization. To measure divi-
sion, BrdU (Sigma-Aldrich) was injected i.p. (2 mg/mouse) for ~15 h
before spleen harvest. Detection of BrdU incorporation was performed ac-
cording to manufacturer’s protocol (BrdU Flow kits; BD).

Quantification and phenotypic analysis of Ag-specific T cells. The
magnitude of epitope-specific CD8 T cell response was determined by either
tetramer staining as previously described (Badovinac et al., 2002) or by stain-
ing for Thy1.1 marker exclusively expressed on transterred TCR -transgenic
cells (Badovinac et al., 2007).

Analysis of apoptosis. Detection of active caspase-3/7 was determined
using the Vybrant FAM Caspase-3 and -7 Assay kit (Invitrogen) according
to manufacturer’s protocol. In brief, ~2 X 10° total splenocytes were incu-
bated for 1 h in 300 pl of RPMI containing 10% (vol/vol) FCS and 1X
FLICA reagent at 37°C. Cells were thoroughly washed, and then stained
with additional antibodies against T cell surface antigens. Detection of An-
nexin V* cells was determined using the Annexin V Apoptosis Detection kit
(BD) according to manufacturer’s protocol.

Cell purification, CFSE staining, and in vitro IL-2 stimulation. To
purify responding OT-I CD8 T cells and naive OT-I CD8 T cell popula-
tions, spleens were harvested from allele-disparate hosts that had received
naive OT-1 CD8 T cells and DC* alone or DC* CpG immunization at in-
dicated time points or from naive OT-I mice (Thy1.2/Thy1.2). Single-cell
suspensions of total splenocytes from immunized mice were stained with
phycoerythrin (PE)-anti-Thy1.1 mAb (OX-7; BD) or naive splenocytes
were stained with PE-anti-Thy1.2 mAb (30-H12; BioLegend) in PBS con-
taining 5% (vol/vol) FCS. OT-1 CD8 T cells were then purified with anti-
PE bead sorting using standard AutoMACS protocols (Miltenyi Biotec).
After AutoMACS purification, cells were mixed into 1:1:1 ratio (DC:
DC+CpG:Naive) and then labeled with 1 pM CFSE for 15 min and thor-
oughly washed with RPMI containing 10% (vol/vol) FCS. Then ~2 X 10°
of each OT-1 CDS8 T cell population were injected i.v. into naive CD45.1
recipients or incubated in vitro in the presence or absence of murine IL-2
(0.5 ng/ml unless otherwise noted). PI3K inhibition or CD25 blockade
were initiated by pretreating cells with indicated drugs (1 pM Wortmannin
or 10 pM of Ly249002) or PC61.5 mAb (200 pug/ml), respectively, for 30 min
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at room temperature before murine IL-2 stimulation. Akt-pS473 and STAT5-
pY694 activation in purified responding OT-I CD8 T cells was measured
directly ex vivo or after murine IL-2 stimulation at indicated time points and
murine IL-2 concentrations using manufacturer’s protocol (Phosflow; BD).
‘When looking at Akt-pS473 after in vitro IL-2 stimulation, cells were incu-
bated in serum-free media for 1 h before ex vivo stimulation.

Immunoblot analysis. At indicated time points, cells were isolated with
AutoMACS purification, and then then immediately lysed in NP-40 lysis
buffer (20 mM Hepes, pH 7.9, 100 mM NaCl, 5 mM EDTA, 0.5 mM
CaCl, 1% NP-40, 1 mM PMSF, and 10 uM MG-132) for 15 min on ice.
Whole-cell lysates were clarified by centrifugation at ~20,000 g for 5 min at
4°C. Extracts were then resolved by SDS-PAGE (Bio-Rad Laboratories).
Primary antibodies were detected with goat anti-mouse IgG or goat anti—
rabbit IgG coupled to HRP (Santa Cruz Biotechnology) and SuperSignal
‘West Pico Chemiluminescence (Thermo Fisher Scientific).

RT-PCR analysis. Approximately 50-100 ng of RNA template from
FACS-sorted cells was converted to ¢cDNA and amplified using Script
One-Step RT-PCR kit with SYBR Green according to manufacturer’s
protocol (BIO RAD). The following oligonucleotides were used to analyze
expression of indicated transcripts; 5'-CTTGGCTGCACCAACAGTAA-3'
and 5'-ATGACTCAGGCCAGCTCTGT-3" for Ccna2; 5'-TGGACTA-
CGACATGGTGCAT-3" and 5'-CTTTGTGAGGCCACAGTTCA-3’
for Cenb1; 5'-TGACGCTCGTCGACTATGAC-3" and 5'-TGCTG-
CTGGCATACTTGTTC-3" for Cenb2; 5'-TCTGTGCATTCTAG-
CCATCG-3" and 5'-CAAAAGGCACCATCCAGTCT-3" for Ccne2;
5'-TGCATGAAGAAATCCTGCTG-3" and 5'-CTAAGGAAGCCAG-
GCAAGTG-3' for Foxm1; 5'-TTACTCTACCCCGACGATGG-3" and
5'-CCAAGCTTGAAAAGGCTGAG-3" for Bcl3; and 5'-CCTCATG-
GACTGATTATGGACA-3" and 5'-TATGTCCCCGTTGACTGAT-3' for
Hprt; 5'-AGGAGCAGGTGCCTACAAGA-3" and 5'-GCATTTTCCCAC-
CACTGTCT-3' for Bcl2; 5'-GCTGGTGGGACCTGTTTCTA-3" and
5'-TTCAGTGAGCCATCTTGACG-3' for Bim (Bcl2I11); 5'-AGGACT-
TATCAGCCGAAGCA-3" and 5'-GCTCAAACTCTGGGATCTGG-3’
for Bad (Bbc2); 5'-CTCTGCGTTCAGCTTGAGTG-3' and 5'-CAGAA-
GCCCACCTACATGGT-3" for Bid; and 5'-CCTTCAGGCCTCTCT-
CTCCT-3" and 5'-CCAGCAGCTCCTCACACATA-3' for Belx! (Bcl211).
PCR reaction was performed using ABI PRISM 7700 Sequence System.
Expression of transcripts was made relative Hprt and to controls groups
as indicated.

In vivo cytokine neutralization/stimulation. IL-12 neutralization in
DC+CpG-primed mice was done by injecting 500 ng of C17.8 i.p. twice;
once at time of immunization and a second 6-h later. IL-2 neutralization
during DC alone or DC* immunization was accomplished by injecting
250 pg JES6-1A2 daily from day 46 after immunization. IL-2/mAb com-
plexes were generated by incubating murine IL-2 (PeproTech) with S4B6
anti—IL-2 mAD at a 2:1 molar ratio (1.5 pg/ml IL-2: 50 pg/ml S4B6) for
15 min at room temperature. 300 ng IL-2-10 pg S4B6 complex were in-
jected into DC alone—immunized mice. For controls, equal amounts of rat
IgG (Sigma-Aldrich) were used.
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