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Abstract
The addition of recombinant IL-12p75 (rIL-12p75) to naïve T cells
promotes their differentiation toward a TH I-type cytokine patten by
inducing IFN-y production. Therefore, it has been postulated that during
the cognate interaction and formation of the immunological synapse
between antigen-bearing DC and antigen-specific T cells, secretion of IFN-y
and IL-12p75 would positively regulate each other. However, it is not clear
during an immune response, which one of these cytokine is secreted first:
IL-12p75 or IFNy? In this context, by using T cells from 5eC7 transgenic
mice that are deficient in the IFN-y gene, this study poses the question: is
secretion of IL-12p 75 from DCs during cognate interaction is dependent on
the presence of IFN-y secreted from T cells?
Here we show that antigen-activated CD4+ but not naïve T cells from
wild type (WT) or IFN-y-deficient mice induce IL-12p75 production during
the cognate interaction with antigen-bearing DCs. Addition of recombinant
IFN-y to the coculture of naïve T cells with DCs did not result in IL-12p75
production from DCs. Moreover, kinetic studies using antigen-activated T
cells from the spleen of IFN-y-deficient and WT mice demonstrated that
during the five days of coculture assay, secretion of IL-12p75 from DCs
was independent of IFN-y, which was rapidly induced and declined over
time. Furthermore, when WT or IFN-y-deficient mice were challenged with
LPS or Superantigen [Staphylococcus enterotoxin A (SEA)], IL-12p75 could
be detected in the serum of IFN-y-deficient mice injected with SEA but not
in response to LPS.
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Thus, during the cognate interaction between antigen-activated T
cells and antigen-bearing DCs, secretion of IL-12p75 from DCs can be
secreted independent of IFN-y. These findings imply that antigen-activated
but not naïve T cells provide necessary signals for IL-12p75 production . In
contrast, TLR-mediated signals, that are posed by bacteria/bacterial
products alone are inadequate to induce secretion of IL-12p75 from DCs.
Thus, in contrast to the innate stimuli such as LPS that require IFN-y for IL12p75 production by DCs, IFN-y is dispensabIe when DCs interact with
activated T cells.
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Material and Methods

Mice
All mice were kept in NIH animal facilities (an AAALAC accredited
facility) in an SPF barrier colony. Adult 8-14 wk old male and female
C57BL/6 and SCID mice were purchased from the ]ackson Laboratory Bar
Harbor. C57BL/6 IFN-yKO, B10.A RAG2KO we re obtained from the NIAID
contract facility at Taconic Farms Germantown, NY. To generate 5C.C7
RAG2KO TCR transgenic mice (specific for moth cytochrome c (MCC)
peptide, the moth cytochrome c (MCC) 88-103 specific 5C.C7 TCR
transgenic RAG2KO, C57BL/6 TCR-Cyt 5C.C7-1 transgenic mice we re
backcrossed multiple times to BI O.A mice in the NIAID contract facilityat
Taconic Farms. This strain is referred to as B10.A/SgSnAi TCR-Cyt 5C.C7-1
RAG2KO. 5C.C7 TCR transgenic RAG2KO, C57BL/6 TCR-Cyt 5C.C7-1, IFN-yKO
transgenic mice were generated by crossing C57BL/6 IFN-y KO mice to 5C.C7
TCR transgenie mice and backcrossed multiple times to 5C.C7 TCR
transgenie mice in the NIAID contract facilityat Taconic Farms. These mice
can be purchased from the NIAID/Taconic Farms, Inc. exchange.

Media and reagents
Bacterial LPS that was used throughout obtained from Escherichia (E.)

coli Serotype 0127:B8 (Sigma) Staphylococcal enterotoxin B from
staphylococcus aureus (SEB) was obtained from (Sigma) and Staphylococcal
enterotoxin A was purchased from Toxin Technology Sarasota, FL.
Recombinant mouse GM-CSF and rmIFN-y were from PreproTech Inc. The
medium used throughout was Iscove's Modified Dulbecco's Medium IMDM
(GibcoBRL). Complete culture medium consisted of IMDM supplemented with
10% heat-inactivated Fetal Bovine Serum (FBS: that was tested for endotoxin,
mycoplasma, virus and bacteriophage GibcoBRL), plus L-glutamine, 55JJM
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2~-Mercaptoethanol

(GibcoBRL), penicillin, streptomycin and gentamicin

(Bisource). For the BM-DC culture the complete medium was used plus
rmGM-CSF at 30U/ml and rmIL-4 at 30U/ml.
Generation of bone marrow-derived DCs (EM-DC)

Generation of bone marrow derived DCs was as described previously,
with some modifications (Gallucci et al., 1999). Briefly, bone marrow cells
were flushed out of the femurs and tibias of 8-12 week old mice into
complete medium and it was pipetted vigorously to make a single cell
suspension, which was then passed through a cell strainer (70-Jlm Nylon
mesh; BD Falcon TM). Erythrocytes were lysed using ACK lysis buffer
(Biosource) and cells were washed 2x with complete medium. At this point,
BM cells were either cultured immediately or cryopreserved for later use.
BM cells were cultured at Ix l O? cells/well in a 24 well plate in a final
volume of 2 ml with complete medium supplemented with GM-CSF 6
ng/ml

=

30U/ml and IL-4 3ng/ml

=

30U/ml (PreproTech Inc.). Starting at

the 3 r d day of culture, half of the medium was replaced with fresh warm
medium each day. On the day 7 t h , the plate was chilled, and clusters of
loosely adherent/suspended cells were carefully removed and used as a
source of BM-DCs. For pre-activated BM-DCs, LPS at a final concentration of
100-200ng/ml was added to the 24 well plate at day 6 and incubated
overnight, the next day, loosely adherent cells were harvested, washed 2x
with cold medium and used in the coculture assay.
Generation of naïve T ee11s

Multiple spleens were obtained form 5C.C7 mice and single cell
suspensions of these cells were incubated with a cocktail of monoclonal
antibodies to B220 (RA3-6B2), CDllb (Ml/70), CDllc, DX5, GRI and anti
class-II (I-Ek) (14.4.4S) (BD Pharmingen), followed by binding and negative
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selection with Dynabead (Dynal Biotech). In some experiments, T cells
were further purified by FACS sorting to >98% purity based on the staining
for CD45.lPE and the absence of staining for B220, pan-Class II, lAk, NKl.l,
CDllc, CDllb, GRland CD2l.

In vitro generation of antigen-aetivated/primed SC.Cl CD4+ T
eells
Spleens from BlO.A/SgSnAi TCR-Cyt 5C.C7-l RAG-2KO mice were
dissociated into homogenous single cell suspensions and passed through a
cell strainer (70-Jlm Nylon mesh; BD Falcon TM). Erythrocytes were lysed
by using ACK lysis buffer (Biosource). Splenocytes were washed 3x in cold
complete medium and adjusted to Ix l.Ov/rnl, then cultured in up-right
position in a flask in complete medium plus lJlM MCC 88-103 at 37°C with
5% C02, fresh medium was added after 3 days of culture. After 5 days,
cultured cells were harvested, washed 2x with medium and re-cultured in
the absence of peptide with 10-20 U/mI of rmIL-2. The medium was
replenished every 5-7 days with fresh medium plus rmIL-2. For T-DC
coculture experiments, these CD4+ T cells were selected with a CD4+ T cell
isolation kit containing anti-CD8u, CDllb, CD45, DX5, and Ter-119 mAbs
for depletion (Miltenyi Biotech.) with the addition of anti-CD 1 Ie and anticlass-Il to the above mAbs cocktail (Miltenyi Biotech.). We have used 3-4 LS
columns in tandem instead of using LD columns to deplete the cells. These
T cells, which were >90% CD4+, were used at various days of culture as a
source of in vitro primed/antigen-activated T cells.
BM-DC/T eell eoeulture

Various numbers of either sorted or bead depleted (CD4+ T cell
isolation kit Miltenyi Biotech.) naïve or in vitro cultured 5C.C7 CD4+ T cells
were incubated with Zxl Ot/well of BM-DCs/well from BlO.A RAGKO mice
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±O.l,uM MCC peptide 88-103 in triplicates in a 96 weU u-bottom plate in a
final volume of 200 ,ul/weU for 48 hrs. For kinetics studies 5x10 s T cells
were cocultured with 105 BM-DCs from B10.A RAGKO mice ±O.l,uM MCC
peptide 88-103 in a 24 well plate in a final volume of 2 ml. The
supernatants were removed and kept frozen at -30°C before measuring the
cytokines by ELISA or SearchLight Multiplex cytokine array (Pierce
Biotechnology Woburn, MA). The proliferation of 5C.C7 T ceUs from these
cocultures was determined by adding 1,uCi of [3H] thymidine for the last
12-18 hrs of the 72 hr culture period. The amount of [3H] thymidine
incorporation was determined by scintiUation counting. The data are
expressed as the mean cpm ± SD of triplicate weUs.

Cytokine measurements
The concentrations of cytokines in the ceU-free medium or in serum
were determined using cytokine-specific ELISA. In most experiments, IL12p75 was detected using the ELISA kit from R&D system (Quantikine)
with a sensitivity of 7.8 pg/ml. Pierce SearchLight Multiplex cytokine array
was used in some experiments to quantitate various cytokines.

In vivo secretion of cytokines in response to injection of
Superan tigen or LPS
Mice were injected i.v. with 10,ug LPS, 50,ug Staphylococcal
enterotoxin B (SEB), or 10,ug Staphylococcal enterotoxin A (SEA). After 6
hours post injections, mice were anesthetized using Isoflorane (Baxter) and
blood was coUected through intracardiac-puncture. The blood was set to
coagulate for 1-2 hour at 4°C in Microtainer tubes (BD Vacutainer System);
serum was separated by spinning it in a Microfuge for 90 second at 13000
rpm. The serum was transferred to another tube and it was kept frozen at
-30°C, cytokines were detected by specific ELISA.
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Introduction
A question of fundamental importance in host responses to
pathogens is how innate immune responses are initiated leading to
adaptive immunity. It is currently believed that a critical step in host
defense against intracellular pathogens is the presence of IFN-y. Thus, IFN-y
plays an essential role during innate as well as adaptive immunity.
However, IFN-y secretion from NK or T cells is believed to be largely
dependent upon the action of IL-12p75 from DCs.
The current thinking is that the initial host-pathogen interactions
willlead to the secretion of IL-12p75 from dendritic cells (DCs), directing
the naïve CD4+ T cells to differentiate into IFN-y-producing T H1 cells (Hsieh
et al., 1993; Manetti et al., 1993; Trinchieri, 1995). Biologically active IL12p75 is a disulfide-linked heterodimer composed of p35 subunit and p40
subunit that are the products of two separate genes, which are
differentially regulated (Trinchieri, 1995).
IFN-y alone does not induce IL-12p75 but can prime its production
by antigen presenting cells in response to TLR agonists. IFN-y enhances
transcription of the genes encoding both p40 and p35, but it has a
particularly marked effect as a priming factor (Hayes et al., 1995; Liu et
al., 2003; Snijders et al., 1996) or stimulatory effects on induction and
secretion of the IL-12 p 75 heterodimer from macrophages and DCs (Isler et
al., 1999; Retini et al., 1999). The idea is that secretion of IFN-y from T
cells enhances production of IL-12p75 from DCs, which creates a positivefeedback mechanism during inflammatory and TH 1 responses.
We have previously shown that it is p40, rather than the
heterodimeric IL-12p75, that is produced early after LPS activation of DCs.
The complete IL-12p75 heterodimer was only produced if LPS-activated
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DCs were eoeultured with recombinant IFN-y, antigen-aetivated effector or
memory T eells but not naïve T eells. Therefore, IFN-y plays an important
role in seeretion of IL-12p75 when DCs are stimulated with LPS (Abdi et al.,
2006). The dependenee of IL-12p75 production on antigen-aetivated T
eells but not naïve T eells and IFN-y highlights a paradox. If the production
of IL-12p7 5 depends on antigen-aetivated T eells and/or IFN-y, then how
ean it be (as is generally thought) the eytokine that initially triggers TH I
responses by inducing naïve T eells to produce IFN-y? How ean IL-12p75 be
the initiator of IFN-y production if it is itself dependent on the presenee of
IFN-y? This leads to the question, during the eognate interaction between
antigen bearing DCs with antigen-specifie T eells, whieh eomes first, IL12p75 or IFN-y?
The aim of eurrent study is to gain insight into the relationship
between endo genous IFN-y and seeretion of IL-12p 75 in the eoeulture of
antigen-aetivated CD4+ T eells (eultured T eells) and bone marrow-derived
dendritie eells (DCs). Here we have shown that coculture of antigen
aetivated CD4+ T eells from spleen of a wild type or IFN-yKO 5eC7 TCR
transgenie miee with BM-DCs results in the seeretion of similar levels of IL12p75. Moreover, addition of rIFN-y to the coculture of naïve T eells with
LPS-aetivated DCs did not reeonstitute IL-12p75. Thus, data from this
study suggests that during the interaction between antigen-bearing DCs
with antigen-speeifie effector/memory T eells, seeretion of IL-12p75 from
DCs is independent of IFN-y from T eells. This is in contrast to when DCs
are exposed to TLR agonists; in sueh aeondition, the presenee of IFN-y is
absolutely required and neeessary for induetion and seeretion of IL-12p75
from DCs.
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Results and Discussion
Seeretion of IL-12p 7 5 from DCs is dependent on the presenee of
antigen-aetivated but not naïve T eel1s
The generation of large amounts of IFN-y at the site of infection is
eonsidered to be dependent on antigen-speeifie T eells. However, these
eells are known to rely on IL-12p75 for their differentiation into IFN-yproducing phenotype (Murphy et al., 1994). Our previous observations
indieated that naïve T eells were unable to induce IL-12p75 seeretion from
resting or LPS-aetivated DCs (Abdi et al., 2006). We sought to test whether
IFN-y is playing any role in induetion of IL-12p75 from bone marrow
derived dendritie eells (DCs) during their coculture with T eells.
To test this idea, naïve or eultured (antigen-aetivated) T eells were
sorted from splenoeytes of 5eC7-transgenie miee and eoeultured with DCs
that were either in a "resting" state, LPS-preaetivated, or reeeived LPS at
the time of coculture with T eells. Consistently, prior aetivation of DCs with
LPS and eo-eulturing them with antigen-aetivated but not naïve T eells
showed the highest levels of IL-12p75 production. Figure IA shows that
naïve T eells are unable to induee IL-12p75 production from DCs
regardless of DCs state of aetivation. In contrast, antigen-aetivated T eells
were potent indueers of IL-12p75 when they were eoeultured with DCs that
had been previously aetivated with LPS for 24 hours and washed prior to
coculture with T eells (Fig. IA). This above finding seems to be at odds
with the eurrent thinking that suggests LPS-aetivated DCs (ineubated with
LPS »Shrs) lose their IL-12p75 production upon re-stimulation and skew
the T eells response toward a TH2-type responses; this condition has been
termed DCs "exhaustion" (Langenkamp et al., 2000). These observations
suggest, that LPS-aetivated DCs are not "exhausted" and have not lost their
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IL-12p75 production once they receive appropriate signals (Chapter-V).
Both naïve and antigen-activated T cells incorporated equal amounts of
Thymidine when they were cocultured with various DCs. These data
indicate that naïve T cells are viable and functional in the coculture assay
(Fig. 1 B). Furthermore, it suggests, the state of DCs activation with LPS is
less important when measurement such as 3H-thymidine incorporation are
used as a mean to determine T cell growth and their viability as opposed
to their effector functions (Fig. 1 B). In contrast, the state of DCs activation
with LPS was an important factor when secretion of IL-12p75 was
measured from DCs. One deduction from these data is that IL-12p75
secretion is an independent event, and it does not correlate with T cell
proliferation (Fig. 1 B).
The next question was that perhaps naïve T cells require longer than
48-hour incubation time with DCs to be able to induce IL-12p75. The
kinetics of both cultured and naïve T cells demonstrated that during the
six-day coculture assay, naïve T cells at no time point were able to induce
IL-12p75 from DCs. In contrast, secretion of IL-12p75 from LPS-activated
DCs in the presence of antigen-activated T cells was a rapid response and
declined over time (Fig.1 C).
Addition of rIFN-y to naïve T cells does not reconstitute IL-12p75
Many studies have demonstrated that in vitro priming of DCs or
monocytes/macrophages with exogenous recombinant IFN-y (rIFN-y) win
dramatically enhance IL-12p75 production in the presence of
bacteria/bacterial products (Snijders et al., 1996). This enhancing effect of
IFN-y on IL-12p75 production is observed when IFN-y is added
simultaneously to the stimulus (e.g. LPS) but it is most effective when the
producer cells are primed for 8-24 hr in the presence of IFN-y (Flesch et
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al., 1995; Hayes et al., 1995; Hilkens et al., 1997; Ma et al., 1996; Snijders
et al., 1998; Vieira et al., 2000).
Previously, we observed a direct eorrelation between the presenee of
IFN-y in the coculture of antigen-aetivated T eells and IL-12p75 production
from DCs, in which both of these eytokines were absent when naïve T eells,
were used (Abdi et al., 2006; Dohlsten et al., 1988; Kalinski et al., 1995).
Perhaps, the possibility that naïve T eells do not elicit IL-12p75 production
from LPS-aetivated DCs might be due to the absence of endogenous IFN-y
from naïve T eells, and maybe this would be a meehanism with which IL12p75 is indueed in DCs when they interact with antigen-aetivated T eells.
Furthermore, it has been shown that the production of IFN-y by naïve T
eells was relatively delayed when it was eompared with memory T eells
(Dohlsten et al., 1988; Kalinski et al., 1995).
Therefore, to understand the role of IFN-y in this model, we
simultaneously measured IFN-y, IL-2, IL-12p75 and p40 in the CSN obtained
from the coculture of naïve or antigen-aetivated T eells with LPS-aetivated
DCs by using a Multiplex Cytokine Array. The eytokine profile indicated that
both naïve and antigen-aetivated T eells made high levels of IL-2 signifying
that naïve T eells are viable and able to seerete a T eell signature eytokine
(Fig. 2A) and are able to proliferate (Fig. 1 B). Moreover, naïve and to a
lesser degree antigen-aetivated T eells were able to induee p40 subunit of IL12p75, demonstrating that DCs eoeultured with naïve T eells are also viable,
ruling out the possibility that the laek of IL-12p7 5 deteetion in the coculture
of naïve T eells with DCs might be due to DC's death (Fig. 2B). However, it is
not clear why naïve T eells specifically induee the p40 subunit of IL-12p75
but not the intact heterodimeric protein (Abdi K. unpublished
observations). In contrast to the above finding, the eurrent thinking (pillar
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of immunology article) (Paul, 200S) emphasizes that interactions between

naïve T eells and antigen-bearing DCs willlead to seeretion of IL-12p7 5,
whieh skews differentiation of naïve T eells toward the TH1-type eytokine
pattern (Hsieh et al., 1993). The significant of p40 seeretion in the coculture
of naïve T eells with LPS-aetivated DCs is eurrently under investigation.
Moreover, figure 2 C shows that antigen-aetivated but not naïve T eells are
the competent eells eapable of inducing IL-12p75 from DCs and its presenee
was direetly eorrelated with the presenee of IFN-y in the coculture of
antigen-aetivated but not naïve T eells (Fig. 2 D). This suggests that the
endogenous IFN-y might be an important eontributor in induetion of IL12p75 from DCs eoeultured with antigen-aetivated T eells (Fig. 2 D). Thus, a
deduetion from the above data would be that if exogenous rIFN-y is added to
the coculture of DCs with naïve T eells, this should reeonstitute IL-12p75
production. Furthermore, neutralization of endogenous IFN-y in the
coculture of antigen-aetivated T eells with DCs should therefore inhibit IL12p75 production.
To answer these questions, exogenous rIFN-y or a neutralizing
antibody to IFN-y was added to the coculture of DCs with either naïve or
antigen-aetivated T eells respeetively (Fig. 2 E). Surprisingly, the addition
of rIFN-y was not able to reeonstitute IL-12p75 in the coculture of naïve T
eells nor was the neutralization of endogenous IFN-y suffieient to bloek the
IL-12p75 seeretion in the coculture of antigen-aetivated T eells (Fig. 2 E).
However, under the same culture eonditions, DCs that were stimulated
with LPS plus rIFN-y indueed high levels of IL-12p7 5 seeretion,
demonstrating that rIFN-y is aetive, and under these eonditions, DCs have
no problem seereting IL-12p75 (Fig. 2 E). This was an unexpeeted re sult
that suggests IFN-y is dispensabIe in these culture eonditions.
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Seeretion of IL-12p 7 5 from DCs in the presenee of antigenaetivated T eel1s is independent of IFN-y
To address this question specifically, 5C.C7 transgenie mice were
generated that laeked the IFN-y gene thus, were unable to seerete IFN-y.
CD4+T eells from these mice were sorted and used in the eoeulture assay
to study the effect of endogenous IFN-y on DCs IL-12p75 production.
Consistent with the neutralizing antibody data, when various numbers of T
eells from IFN-y-deficient mice or their wild-type (WT) counter parts were
eoeultured with a fixed number of DCs that were either at "resting" state
(no LPS), reeeived LPS at the time of coculture (LPS t=O), or aetivated with
LPS for 24 hour prior to the coculture assay (LPS t=-24h), both WT and
IFN-yKO T eell showed no differenee in their ability to induee IL-12p75
production from DCs (Fig. 3 A), although, as was it shown earlier, optimal
condition for IL-12p75 seeretion was when DCs were aetivated with LPS for
24 hour and washed prior to eoeulturing them with T eells (Fig. 3 A).
Indeed, the state of DCs aetivation had little effects if any when thymidine
ineorporation was measured to demonstrate T eells growth; this also
eonfirmed that T eells are viable (Fig3 B).
To rule out whether these effects might have been through
utilization of CD4+T eells from transgenic mice that harbor a monoclonal
population of T eells, various numbers of allogenic CD4+T eells were
eoeultured with a fixed number of LPS-aetivated DCs. As is shown in Figure
3 C, there were no differenees in IL-12p75 production when CD4+ T eells
from WT B6 or IFN-yKO counter part were eoeultured with DCs that were
generated from bone marrow eells obtained from a BIO.A 5C.C7-IFN-yKO
mice (Fig. 3 C). Consistent with data obtained from transgenie mice,
allogenic T eells from WT or IFN-y-deficient mice were perfeetly eapable of
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inducing IL-12p75 from DCs. However, in the presence of Superantigen
(SAg, a polyclonal stimulator of T cells), secretion of IL-12p7 5 was
substantially increased (Fig. 3 C). This increase is due to the nature of
SAgs, which directly binds to the lateral surfaces of MHC class-II molecules
and to the

V~

domain of the T cells receptor (TCR); this interaction

bypasses the requirement for conventional TCR-Ag-MHC-II interactions
which usually stimulate in the order of less than 1 in 10,000-100,000 T
cells while SAgs can stimulate up to 20% of all T cells (Fraser and Proft,
200S). Moreover, the presence or absence of SAg had no effect on T cells'
proliferation, suggesting that the secretion of IL-12p 75 from DCs is an
independent event that does not correlate with T cells' proliferation (Fig. 3
D).

These data are also consistent with a human study that
demonstrated that the incorporation of SAg dramatically increases the
production of IL-12p75 from monocyte derived DCs that were cocultured
with purified memory phenotype (CD45RO+) but not naïve (CD45RA+) T
cells (Miro et al., 2006).
Kinetics of IL-12p75 production and the role of endogenous IFN-y
The above data have demonstrated that both WT and IFN-y-deficient
CD4+ T cells were capable of inducing similar levels of IL-12p75 from DCs.
This finding suggested that perhaps, the initial secretion of IL-12p75 from
DCs cocultured with antigen-activated T cells is independent of IFN-y and
is mediated through T-cell receptor-MHC interactions. This notion is
consistent with the study showing that p35 accumulation can be evoked by
TCR-MHC interactions in a dose-dependent marmer (Yamane et al., 1999),
or by cross-linking MHC class-II molecules on the DCs with anti-I-A
antibodies (Koch et al., 1996). Therefore, it is possible that the
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subsequente secretion of IL-12p75 is dependent on endogenous T cellderived IFN-y, which takes place during the formation of immunological
synapse, thus creating a positive-feedback loop to amplify an ongoing
immune response.
To address this question, secretion of IL-12p75 was measured from
the coculture of DCs with WT or IFN-yKO T cells at various points in time.
Figure 4 A and B demonstrate that WT and IFN-yKO 5eC7 T cells
cocultured with either "resting" or LPS-activated DCs followed similar
kinetics of IL-12p75 production (Fig. 4 A & B). Secretion of IL-12p75 from
DCs was a rapid response that peaked at 6-24 hours post coculture with
antigen-activated T cells and slowly declined there after. These data are
also consistent with the earlier data (Fig. IA) that showed LPS-activated
DCs were better IL-12p75 producers when compared with "resting" DCs in
the presence of antigen-activated T cells (Fig. 4 A, B). Furthermore, the
induction of IL-12p75 from DCs cocultured with antigen-activated T cells
was an antigen-specific event, because in the absence of cognate peptide,
at no time point was IL-12p75 detectable during the four to five days
coculture assay (Fig. 4 A & B). In contrast, when p4ü was measured in
parallel to IL-12p75 from the same culture supernatant (CSN), secretion of
p4ü followed a different kinetics pattern relative to IL-12p75. It was
rapidly secreted, its levels remained high throughout the five days
coculture assay, and its levels did not decline as it did for IL-12p75 (Fig. 4
C). Furthermore, in contrast to IL-12p75, p4ü could be secreted in the
absence of cognate antigen yet; the amount of p4ü secreted in the absence
of antigen did not reach the levels they reached when cognate antigenic
peptide was present (Fig. 4 C). The significance of p4ü secretion and its
role in these coculture assays are currently under investigation.
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IFN-y-defieient but not WT T eel1s form large aggregates when
they were eoeultured with LPS-aetivated DCs
Another observation that emerged from this study using the antigenaetivated T eells from WT and IFN-y-deficient miee was an inerease in the
growth rate and clumpy appearanees of IFN-yKO relative to their WT T eell
counter parts when they were eoeultured with LPS-aetivated DCs. These
eells grew faster and formed large aggregates. Image analysis was used to
quantitate and eompare the aggregates formed between the WT and IFNyKO T eells eoeultured with LPS-aetivated DCs. The images were obtained
from various wells of a 24-well plate that were either eultured with T eells
plus peptide (Fig. SA & D), T eells plus DCs with no eognate peptides (Fig.
S B & D), or T eells with DCs and eognate peptide (Fig. SC & F).
Comparison of the WT (Fig, S A-C) with IFN-yKO T eells (Fig. S D-F)
demonstrated that coculture IFN-yKO T eells with LPS-aetivated DCs leads
to the formation of large aggregates (Fig. S D-F). The significanee of
inereased aggregate formation in the IFN-yKO but not WT T eells
eoeultured with LPS-aetivated DCs is eurrently under investigation.

In vivo seeretion of IL-12p7S in response to Superantigen is IFNy-independent but in response to LPS is IFN-y-dependent
To examine the differenees between WT or IFN-yKO miee and the
role of endogenous IFN-y in IL-12p7S production in vivo, a mouse model of
sepsis was used. The in vivo immune response to the SAg
Staphyloeoeeal enterotoxin B (SEB) has shown to be a useful model
to study in vivo eytokine production (Fraser and Proft, 200S). Therefore,
normal WT B6 miee were injeeted through intravenous route
with 12SJJg SEB and after 6 hour post injection, IL-12p7 S was speeifieally
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measured with the help of ELISA in the serum obtained from these mice.
Also, SCID mice were used as a control to show that when these mice are
challenged with SAgs, the presence of T cells is absolutely a necessary for
induction of IL-12p7S. As it is shown in Figure 6A, IL-12p7S was totally
absent in the serum of SCID mice that were injected with SEB, confirming
the importance of T cell presence in induction of IL-12p7 5.
To determine if WT or IFN-yKO SeC7 transgenie mice that harbor a
monoclonal population of T cells could also induce IL-12p 75 in vivo, WT
or IFN-yKO SeC7 mice were either injected with 10,ug of Staphylococcal
enterotoxin A (SEA) or LPS intravenously. Six hours later, serum obtained
from these mice were tested by ELISA that specifically measures the IL12p7S heterodimer and not the free p40 subunit. Although, the level of
LPS-induced IL-12p7S secretion was very low, this response was IFN-ydependent (Abdi et al., 2006). In contrast, both WT and IFN-y-deficient
seC7 mice that were injected with SEA showed extremely high levels of IL12p7S in their serum (Fig. 6 B).
The production of high levels of IL-12p7S in the transgenie mice can
be explained by the presence of high frequency of TCRV&+ T cells in SeC7
transgenie mice as oppose to normal polyclonal population of T cells.
Moreover, to rule out any possible role that endogenous IFN-y might play
in these experiments, serum obtained from both WT and IFN-yKO mice
were tested for the presence of IFN-y. The experiments described above
clearly indicate that IFN-y-deficient mice have no IFN-y in their serum.
In contrast to serum IL-12p7 5 in these mice when they were
challenged with LPS or SEA, when IFN-y was measured in the serum of the
WT mice, there was not a dramatic difference between the LPS- or SEAinduced levels of IFN-y in the serum of WT mice (Fig. 6 C). This finding
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indieates that both LPS and SEA induee similar amounts of IFN-y in this
sepsis model. However, SEA mediated IFN-y seeretion in WT miee is due to
the intrinsie nature of the SAgs, whieh ean aetivate large fraetions (5-50%)
of T eell population and stimulates them to proliferate and seerete
eytokines (Bueno et al., 2007). This property of SAgs is attributed to their
unique ability to be presented by MHC class-II on APCs as unproeessed
SAgs reeognized by a variable region of the TCR Is-chain of specifie subsets
of T eells (Bueno et al., 2007).
Nevertheless, it is important to determine if the presenee of IFN-y in
response to LPS is mediated by a small amount of IL-12p75 deteeted in
these miee or there is IL-12p75 independent IFN-y produetion during the
antigen non-specifie phases of the immune response and before the
aetivation and reeruitment of the adaptive immune response. Data
presented in this study suggests that, in the presenee of antigen-aetivated T
eells, DCs will seerete IL-12p75 regardless of the presenee of IFN-y from T
eells, thus T eells meehanism(s) by whieh IL-12p75 is indueed in DCs is
qualitatively different when baeteria/baeterial produets are used to
stimulate DCs, in whieh IFN-y is absolutely neeessary for IL-12p75
produetion.
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Figure 1. Antigen-activated but not naïve T cells induee IL-12p75 from DCs.
(A) BM-DCs at 2xl 0 4 cells/well from BI O.A- Rag2KO mice were co-cultured for 48 hr with 105 naïve or antigen-activated
SeC7 T cells in the presence of 0.1 JlM MCC peptide in a 96-well U-bottom plate. DCs were co-cultured in the absence or
absence of LPS. LPS was added at 200n/ml either at time zero (T=O) or they were preactivated for 24h (T=-24h) washed
and added to the coculture assay. ELISA specifically measured IL-12p7S in CSN after 48h. (B) 3H-Thymidine incorporation
was measured during the last 12 hours of co-culture assay. (C) Kinetics of IL-12p7S production was performed in a 24 well
plate withlû' BM-DCs co-cultured with Sxl05 naïve or antigen-activated SeC7 T cells in the presence ofO.lJlM MCC
peptide, at variaus time point CSN was obtained from each well and IL-12p75 was specifically measured by ELISA. These
data are expressed as the mean ± SD triplicates from a 96 well.
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measuring various eytokines in CSN obtained from LPS-aetivate B IO.A-Rag2KO. BM-DCs at 2xl0 4 eeIls/weIl eoeultured for 48 hr
with 105 naïve or antigen-aetivated SeC7 T eells in the presenee or absence of O.IJlM MCC peptide in a 96 weIl U-bottom plate.
(E) Same as Cc) except IOOng/ml of rIFN-y was added to the naïve T eeIls and also IOJlg/ml of neutralizing antibody for IFN-y or
an isotype control was added to the antigen-aetivated T eeIls eo-eultured with BM-DCs, also at the same time DC alone were
stimulated with LPS or LPS plus IFN-y to show that IFN-y is aetive. These experiments have been repeated at least three times.
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at time zero (T=O) or they were preaetivated with 200ng/ml LPS for 24h (T=-24h) washed and eo-eultured with various
numbers of antigen-aetivated sorted WT or IFN-yKO splenic SC.C7 TeelIs plus O.lJlM MCC peptide. They were eo-eultured
for 48 hrs. ELISA speeifieally measured IL-12p7S in CSN after 48h. (B) Same as (A) 3H-Thymidine incorporation was
measured during the last 12 hours of co-culture assay. (C) BM-DCs at 2x10 4 eeIls/weIl were obtained from SC.C7 IFN-yKO,
they were preaetivated with 200ng/ml LPS for 24h (T=-24h) washed eo-eultured with various numbers of sorted WT or
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data are expressed as the mean ± SD triplieates from a 96 weIl u-bottom plate.
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Figure 4. Kinetics of IL-12p75 and p40 secretion from BM-DCs.
(A) Kineties oflL-12p75 production was performed in a 24-well plate that eontained lOS IFN-yKO BM-DCs
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peptide, at various time point CSN was obtained from eaeh weIl and IL-12p75 was speeifieally measured by
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eo-eulturing them with the TeelIs. (C) Same conditions as (B) p40 was measured by ELISA.
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Figure 6. In vivo secretion of IL-12p75 in response to LPS is IFN-y-dependent and to Superantigen is
IFN-y-independent. (A) ELISA measuring serum IL-12p7S from B6 and SCID mice after 6 hours post i.v. injection
with SOJlg of SEB. (B) Same as (A) except WT or IFN-yKü SC.C7 T cell transgenie mice were injected with lOJlg of
LPS or 10Jlg of SEA and 6 hours post i.v. injection serums were tested for the presence ofIL-12p7S. (C) Same as (A)
except IFN-y was specifically measured by ELISA. Each dot represents a single mouse.
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