CHAPTERS
IFNy responsiveness in CD8a'/CD103" dendritic cells is required for optimal
control of Listeria infection

1" mice show selective IFNy unresponsiveness in CD8a."/CD103"

Itgax-cre’lfngr
dendritic cells
To explore whether IFNy responsiveness in DCs affects Listeria susceptibility in
intact animals, 1fngr1” mice were bred with Itgax-cre mice to produce DC-specific
deletion of Ifngrl (Stranges et al., 2007). A specific strain of Itgax-cre mice was selected
because they had been generated directly on a C57BL/6 background and because our
previous experience with these mice showed that they were efficient in directing deletion
of floxed genes in dendritic cells and in the CD8a."/CD103" DC compartment particularly
(Diamond et al., 2011). These Itgax-cre mice express cre recombinase under the control
of the mouse integrin alpha X (CD11c) promoter which directs bicistronic cre and EGFP
protein expression to DCs. Although expression of CD11c occurs in NK cells, monocytes,
macrophages, neutrophils, and some B cells in addition to DCs, Itgax-cre*1fngr1” mice
showed significant reductions in IFNGR1 expression primarily in CD8a." DCs, with
partial reductions occurring in splenic CD4" DCs and macrophages (Figure 13). The
extent of Ifngrl deletion correlated well with the level of simultaneous EGFP expression
(Figure 19). Having substantially diminished IFNGR1 expression in CD8a." DCs, |

measured the level of pPSTAT1 and CD40 in these cells as functional readouts after in

vitro IFNy treatment. In Itgax-cre1fngr1” mice, CD8a" DCs showed significant
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1™ mice are susceptible to Listeria infection

Figure 17. Itgax-cre’Ifngr
(A) Survival of mice which were i.p. infected with 10° Listeria.

(B) Listeria CFUs per spleen and liver of Ifngr1™, Itgax-cre*1fngr1”, and I1fngriwy™
mice which were i.p. infected with 10° Listeria. Each symbol represents an individual

mouse. Lines represent the mean Log;oCFU. *, p <0.05; **, p <0.01; ***, p <0.001.

Data are a combination of at least two separate experiments.
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Figure 18. Itgax-cre’1fngrl” mice have increased histological lesions in spleen and
liver

H&E staining of infected spleens and livers from mice at 5 days after infection (10°
Listeria i.p.). Right panels show magnified regions (dashed boxes in left panels). Scale
bar for spleen represents 200 um in low-power images and 50 um in high-power images;

scale bar for liver represents 100 um in low-power images and 50 um in high-power

images.
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Figure 19. Bacterial infection itself induces no change in CD11c expression in Itgax-

17" mice

cre’lfngr
Mice were i.p. infected with 10° Listeria. Spleens were harvested at 3 days after infection,

1f/f

gated as in Figure 1, and analyzed for expression of EGFP from Ifngrl™ and Itgax-

1" Expression of EGFP is expected to have equimolar expression with cre

cre*Ifngr
recombinase because Itgax promoter directs bicistronic cre and EGFP protein expression.

A graph shows geometric mean + SEM.
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Itgax-cre*lfngr1™

No infection

1 x 107 Listeria

Figure 20. Marginal zone macrophages (MZM) and metallophilic MZM do not show

up-regulation of CD11c expression by Listeria infection
Both Ifngr1™ and Itgax-cre*1fngr1” mice were i.v. infected with 10 Listeria. After 18
hours of infection, spleen sections were harvested and stained with either MOMA-1 or

MARCO (green), CD11c (red), and DAPI (blue).
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Ifngr1™ Itgax-cre*lfngr1™
B cell CD11b* B cell CD11b*

Figure 21. Immunostaining of splenic Listeria infection

Both Ifngr1” and Itgax-cre*1fngr1” mice were i.v. infected with 10" Listeria. After 18
hours of infection, spleen sections were harvested and stained with Listeria O (red), B220
(pink), CD3¢/CD11b (green), and DAPI (Blue). Lower panels show magnified regions

(dashed boxes in upper panels).
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CHAPTER 6
IFNy from TNFa activated NK/NKT cells is required to prime CD8a" DCs for

optimal IL-12 production

IFNy responsiveness in CD8a'/CD103" dendritic cells is required for early cytokine
production

The serum amounts of cytokines and chemokine in 1fngr1™ and Itgax-
cre*Ifngr1™ mice were measured to determine whether the crucial cytokines and
chemokine were being produced normally in Itgax-cre*Ifngr1” mice (Figure 22). In
Ifngr1™ mice, serum IFNy, 1L-6, MCP-1, and TNFo. production began to increase after
18 hours of infection, reached a peak at 18-72 hours, and decreased after 3 days of
infection which nicely correlated with the changes of bacterial burden. In contrast, in
Itgax-cre* Ifngri” mice these inflammatory cytokines and chemokine increased after day
3 of infection and remained at high amounts until day 10 of infection, which may reflect
the increased bacterial burden in the Itgax-cre*Ifngr1™ mice compared to Ifngr1” mice.
Surprisingly, Itgax-cre*1fngr1” mice showed significantly decreased production of
cytokines and chemokine at the early phase of infection, especially 18 hours,
demonstrating that early systemic production of inflammatory cytokines and chemokine
in Itgax-cre* 1fngr1™ mice is substantially delayed relative to Ifngr1” mice. Therefore, |
focused on identifying the defects in CD8c."/CD103™ DCs that resulted in a decrease in

cytokine responses during the early stages of Listeria infection.

55



IFNy-insensitive CD8a" DCs display defective 1L-12 production

IL-12 is essential for resistance to sublethal doses of Listeria and for optimal
IFNy production by NK cells (Brombacher et al., 1999; Tripp et al., 1994). Previously,
IL-12p35” mice showed increases in the number and size of granulomatous lesions even
at low doses of Listeria (< 1000 organisms). Moreover, CD8a." DCs and monocytes have
been implicated as major cellular sources of 1L-12 in Listeria infection (Kapadia et al.,
2011; Mitchell et al., 2011; Zhan et al., 2010). I therefore decided to examine 1L-12
production by individual DC subsets during the first 24 hours of infection and determine
what effects endogenously produced IFNy has on I1L-12 production by these cells. To
address these issues, ex vivo intracellular cytokine staining was used to quantify the
frequency of IL-12 positive cells in spleen at 6, 9, 12, 18, and 24 hours after Listeria
infection (Figure 23). To obtain synchronized bacterial infections and generate enough
cytokine-producing cells for ex vivo analysis, 1fngr1” and Itgax-cre*1fngr1” mice were
i.v. infected with a high dose of 10° Listeria. it was confirmed that i.v. infection of
Listeria resulted in increased bacterial burdens in Itgax-cre*Ifngr1” mice, similar to
results obtained with i.p. infection, which indicates that the defects in Listeria clearance
in Itgax-cre™Ifngr1™ did not depend on a specific infection route (Figure 24).

The percentage of splenic CD8a" DCs producing 1L-12p40 in Ifngr1™ mice was
increased to 4.2% at 9 hours, reaching a peak level of 9.4% at 12 hours and 5.9% at 18
hours (Figure 23A and B). In contrast, the proportion of IL-12p40 producing CD8a." DCs
from Itgax-cre*Ifngr1™ mice was significantly less (64% reduction at 9 hours, 74%

reduction at 12 hours, and 89% reduction at 18 hours). IL-12 production by CD8a." DCs
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