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Abstract

Mechanistic target of rapamycin (mTOR) complexes (C) 1 and 2 regulate the differentiation and
function of immune cells. While inhibition of mMTORCL1 antagonizes dendritic cell (DC)
differentiation and suppresses graft rejection, the role of mMTORC2 in DC in determining host
responses to transplanted tissue remains undefined. Utilizing a mouse model in which mTORC2
was deleted specifically in CD11c* DC (TORC2PC~), we show that transplantation of minor
histocompatibility antigen (HY)-mismatched skin grafts from TORC2PC~/~ donors into wild-type
recipients, results in accelerated rejection characterized by enhanced CD8" T cell responses in the
graft and regional lymphoid tissue. Similar enhancement of CD8" effector T cell responses was
observed in MHC-mismatched recipients of TORC2PC~/~ grafts. Augmented CD8" T cell
responses were also observed in a delayed-type hypersensitivity model in which mTORC2 was
absent in cutaneous DC. These elevated responses could be ascribed to an increased T cell
stimulatory phenotype of TORC2PC~/~ and not to enhanced lymph node homing of the cells. In
contrast, rejection of ovalbumin transgenic skin grafts in TORC2PC~/~ recipients was unaffected.
These findings suggest that mTORC2 in skin DC restrains effector CD8* T cell responses and
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have implications for understanding of the influence of mTOR inhibitors that target MTORC?2 in
transplantation.

1. INTRODUCTION

The immunosuppressant pro-drug rapamycin is an allosteric inhibitor of the mechanistic
target of rapamycin (mTOR), a nutrient sensor with serine-threonine kinase activity that
regulates cell growth, metabolism and proliferation? 3, as well as immune cell
differentiation and function~6. mTOR functions in two distinct complexes: mTOR complex
(C) 1 and mTORC2’. Assembled mTORC1 phosphorylates and activates the translational
proteins ribosomal S6 kinase -1 (S6K1) and eukaryotic translation initiation factor 4E-
binding protein 1 (4E-BP1) and regulates cellular processes in a nutrient-dependent
fashion8. Conversely, nTORC2 phosphorylates and activates Akt (protein kinase B), protein
kinase C and serum and glucocorticoid-regulated kinase 1 and regulates actin cytoskeletal
dynamics in fibroblasts®.

While canonically, rapamycin has been described as a complete and specific nTORC1
inhibitor, work by our group and others has revealed that rapamycin administration may also
inhibit mTORC2 activity1%-13, Indeed, the development of glucose intolerance and insulin
resistance in transplant patients receiving rapamycin may be mediated by mTORC2
inhibitionL. In mice, dual inhibition of MTORC1 and 2 using novel adenosine triphosphase
(ATP) competitive inhibitors is less effective in prolonging heart allograft survival than
immune suppression with rapamycin alonel# 15, However, although selective mTORC?2
targeting has been shown recently to block tumor growth in micel6: 17, we are not aware of
any reports of selective mTORC?2 targeting in graft donors or recipients.

There is evidence that mTOR controls T helper (Th) Th cell differentiation through selective
activation of signaling by mTORC1 and mTORC218, that mTORC1 and mTORC2
selectively regulate CD8™ T cell differentiation® and that mTORC2 controls CD8* T cell
memory differentiation0. While it has been reported that selective mTORC1 disruption in
mouse peritoneal macrophages reduces inflammation?! and that mTORC1 deficiency in
intestinal dendritic cells (DC) enhances CD86 expression and suppresses IL-10
production?2, we have shown23 that deletion of mMTORC?2 in bone marrow (BM)-derived DC
leads to an enhanced pro-inflammatory phenotype. These DC lacking mTORC2 promote
allogeneic Th1/Th17 polarization and proliferation in vitro, as well as augmented antigen
(Ag)-specific Th1/Th17 responses in vivo23. However, how the absence of mTORC2 activity
specifically in DC might impact their function, host T cell responses and graft survival in
transplant recipients has not been investigated.

To address these questions, we utilized mice in which Rictor, an essential component of
mTORC2°, was knocked out specifically in conventional CD11c*DC (TORC2PC~/-)12 a5
donors of either non-MHC (minor H-Y) Ag-mismatched or MHC-mismatched skin grafts.
Skin grafts were also transplanted from donors expressing transgenic (tg) ovalbumin (OVA)
functioning as a minor H Ag onto TORC2PC~/~ recipients. Further insight into the role of
MTORC2 in skin-resident DC was gained using a cell-mediated, cutaneous delayed-type
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hypersensitivity (DTH) model. Our novel findings identify mTORC?2 in cutaneous DC as a
negative regulator of CD8" effector T cell responses and skin graft rejection.

2. MATERIALS AND METHODS

2.1. Mice

Male and female C57BL/6 (B6; H2°) CD11c-CreRictor™f (herein referred to as
TORC2PC~/7) mice were generated as described'2. CD11c-Cre- littermates were used as
negative controls. C57BL/6-Tg(CAG-OVA)916Jen/J (herein referred to as OVA™) mice were
generously provided by Drs. D. Rothstein and F. Lakkis (University of Pittsburgh). Female
BALB/cByJ (BALB/c) mice were purchased from The Jackson Laboratory. All studies were
performed according to an Institutional Animal Care and Use Committee-approved protocol
in accordance with NIH guidelines.

2.2. Skin transplantation, graft assessment and Banff scoring

Skin transplantation was performed as described by Billingham et al?4, with some
modifications 2°. Banff rejection scores were determined by a ‘blinded’ dermatopathologist
(J.A.D.-P) based on established criteria 26: 27,

2.4. Graft immunohistochemistry

Skin grafts were harvested and fixed for 24 hours in 4% v/v paraformaldehyde (PFA). H&E,
CD3 (Abcam; Cambridge, MA; clone # ab16669), CD4 (Abcam; ab183685) and Alcian blue
staining was performed and quantitative analysis of immunohistochemical staining
performed using the FIJI ImageJ IHC Toolbox plug-in (NIH).

2.5. Graft recipient T cell analysis

T cells isolated from graft-draining axillary lymph nodes (LN) via negative
immunomagnetic bead selection were either (1), analyzed via flow cytometry following
surface staining with monoclonal antibody (mAb) against CD3 (eBioscience, Waltham, MA;
clone# 17A2), CD4 (eBioscience; RM4-5), CD8 (eBioscience; 2.43), PD-1 (eBioscience;
J105) and intracellular staining for Foxp3 (BioLegend, San Diego, CA; FIK-16s) or (2),
labeled with carboxyfluorescein succinimidyl ester (CellTrace CFSE) according to the
manufacturer’s instructions (Invitrogen; Carlsbad, CA) and co-cultured with splenic DC (1
DC:10 T cells) isolated via immunomagnetic bead selection from donor-matched mice (male
B6, female B6 or OVAtg) that had been injected i.p. with 10ug of fms-like tyrosine kinase 3
ligand per day for 10 days before DC isolation28. After 3 days of culture, IFNvy, IL-2, IL-4,
and Granzyme-B (GrB) levels in supernatants were determined by enzyme-linked
immunosorbent assay (ELISA) as per the manufacturer’s instructions (BioLegend or
eBioscience [GrB]). Leukocytes isolated from grafts following collagenase digestion as
described?® were preincubated with Mouse BD Fc Block purified anti-mouse CD16/CD32
mADb (BD Biosciences; clone# 2.4G2) for 5 min on ice followed by viability staining
(Zombie Aqua Fixable Viability Kit 423101, BioLegend) and surface staining for CD45.2
(eBioscience; clone# 104), CD3 (eBioscience; 17A2), CD4 (eBioscience; RM4-5), CD8
(eBioscience; 2.43) and programed death-1 (PD-1; eBioscience; J105). Flow data were
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acquired using a Fortessa flow cytometer (BD Biosciences, San Jose, CA) and analyzed
using FlowJo (Tree Star, Ashland, OR).

2.6. Delayed-type hypersensitivity (DTH) responses

Cutaneous DTH reactions to 1-Fluoro-2,4-dinitrobenzene (DNFB) were induced and elicited
(in ear pinnae) as described3? with minor modifications3! and quantified using an electronic
caliper (Mitutoya 700-118-20, Aurora, IL).

2.7. Immunofluorescence staining of tissue sections

DNFB-challenged and control ear pinnae were obtained 72 hours post-challenge, flash-
frozen and embedded in OCT compound. Cryostat sections (7um) were fixed in 4% v/v PFA
at room temperature for 1 hour. Skin grafts were fixed in 4% v/v PFA for 24 hours and
embedded in OCT. Sections were stained for CD8a (eBioscience; clone# 53-6.7) or
Ly6G/C (eBioscience; RB6-8C5) and counterstained with DAPI. Images were recorded
using an Olympus Provis fluorescent microscope (Ly6G/C) or an Olympus Fluoview 1000
confocal microscope (CDS8).

2.8. Skin DC migration assay and phenotypic analysis

One percent v/v FITC (Sigma Aldrich; cat # F3651) in 1:1 acetone: dibutyl phthalate was
applied to the dorsal surface of the ear pinna and 24 hours later, cells were isolated from the
superficial and deep cervical LN. They were stained with mAbs against CD11c (clone
#N418), I-AP (AF6-120.1), CCR7 (4B12), CD86 (GL-1) and B7-H1 (10F 9G2) (all
BioLegend), then fixed with 2% v/v PFA. Flow cytometry and data analysis were performed
as described above (2.5).

2.9. Statistical analyses

Results are expressed as means = 1SD. Significances of differences between groups were
determined via either Log-rank test (survival curves), Student’s ‘t’-test, or one-way ANOVA
Tukey’s multiple comparisons test (GraphPad Prism) as indicated, with p < 0.05 considered
significant.

3. RESULTS

3.1. HY-mismatched skin grafts from TORC2PC~/~ donors exhibit more severe rejection

We first grafted trunk skin from either WT control B6 males (Ctrl M) or TORC2PC~/~ B6
males (TORC2PC~/~ M) onto WT B6 males or females (Ctrl F). Ctrl M— Ctrl M grafts
were maintained intact > 60 days, after which the experiment was terminated, while
TORC2PC~= M— Citrl F grafts failed significantly more rapidly than Ctrl M— Ctrl F
grafts (median graft survival times [MST]:22.5 and 17 days, respectively; Figure 1A). Grafts
from TORC2PC~/~ M donors were also significantly smaller post-transplant compared with
those from Ctrl M donors (Figure 1B). At POD 14 there was evidence of necrosis in the
TORC2PC~/~ grafts (Figure 1C). Before transplant, the epidermis, dermis and hair follicles
of TORC2PC~/~ donor skin did not differ histologically from normal Ctrl skin (Figure 1D).
Banff scoring at POD 14, however, confirmed more severe rejection in TORC2P¢~/~ M—
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Ctrl F compared with Ctrl M— Ctrl F grafts (Figure 1E, F). The histological appearance of
grafts at POD 7 indicating earlier pathological changes in TORC2P¢~= M — Ctrl F grafts
is shown in Figure S1.

3.2. HY-mismatched skin grafts from TORC2PC~/~ donors exhibit enhanced CD8* T cell
infiltrates

To characterize the role of host immune cells in graft failure, we first used
immunohistochemistry (IHC) to identify CD3* cells (Figure 2A, B) and
immunofluorescence staining to identify CD8* cells (Figure 2C, D) in grafts at POD 7.
More marked CD8* cell infiltration was observed in the TORC2PC~/~ M— Ctrl F compared
with Ctrl M— Ctrl F grafts, consistent with their accelerated rejection. By POD 14,
absolute numbers of T cells in the TORC2PC~/~ grafts were lower than those in Ctrl grafts,
coinciding with more extensive tissue injury/collagen degradation in the former (Figure S1).

To further characterize T cell infiltrates within the grafts, we quantified total CD4* T
effector cells (Teff; CD4*Foxp37), CD8* T cells and Teff:regulatory T cell (Treg; CD4*
Forkhead box p3* [Foxp3*]) ratios (Figure 3A). Both Ctrl M— Ctrl F grafts and
TORC2PC~/= M— Citrl F grafts showed significant increases in CD4* Teff and CD8" cells,
as well as augmented ratios of Teff : Treg; however, TORC2PC~/~ grafts showed enriched
CD8* T cell infiltrates compared to Ctrl grafts. There was also a significant increase in the
number of CD8*PD-1* T cells in the TORC2PC~/~ compared to Ctrl grafts (Figure 3B, C),
although no significant difference in the intensity of PD-1 expression.

3.3. Skin grafts from TORC2PC~/~ donors elicit enhanced CD8* T effector cell responses
in regional LN and augmented IFNy and IL-2 production in response to donor Ag
stimulation

To investigate host T cell function in graft recipients, T cells were isolated from draining
axillary LN on POD 7 for quantitative and functional analysis (Figure 4). While there were
significantly more CD4* Teff and an increased ratio of Teff:Treg in the Ctrl M— Ctrl F and
TORC2PC~= M— Ctrl F graft recipients than in the Ctrl M— Ctrl M group, there was no
significant difference between the former two groups. However, as observed within the graft
itself, CD8* T cell numbers were increased significantly within draining LN of the
TORC2PC~/= M—> Ctrl F recipients compared with the M—> Ctrl F recipients (Figure 4A;
center panel). Cytokine production (IFNy and IL-2) by LN T cells from recipients of
TORC2PC~/~ grafts in response to donor male Ag stimulation was greater than that by T
cells from recipients of normal Ctrl grafts. There were, however, no differences in the very
low levels of IL-4 production between groups (Figure 4B).

3.4. MHC-mismatched skin grafts from TORC2PC~/~ donors also elicit enhanced CD8* T
cell responses in regional LN

We next determined whether mTORC?2 deficiency in donor DC might affect rejection in a
full MHC-mismatch model, in which the donor-reactive CD8* T cell precursor frequency is
higher than with a non-MHC minor Ag mismatch. We grafted full-thickness trunk skin from
either WT BALB/c, WT control B6 (Ctrl B6) or TORC2PC~/~ B6 mice onto WT BALB/c
recipients. BALB/c— BALB/c grafts were maintained intact for > 30 days, while
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TORC2PC-/- B6— BALBI/c grafts and Ctrl B6— BALB/c grafts were rejected acutely
with similar graft survival times (MST: 8 and 9 days, respectively) (Figure 5A, B). Banff
rejection scores at POD 5 were enhanced significantly in the TORC2PC~/~ donor group
(Figure 5C, D), although absolute numbers of graft-infiltrating CD3* and CD8" T cells were
not increased (Figure S2).

T cells isolated from draining axillary LN on POD 5 exhibited significant increases in CD4*
Teff and CD8* T cells in both the Ctrl B6 and TORC2PC~/~ B6 donor groups compared to
the syngeneic BALB/c donor control group, while the TORC2PC~/~ donor group had
significantly more CD8* T cells than the Ctrl B6 donor group (Figure 6A; left and center
panels). There were no differences in the ratio of Teff: Treg between groups (Figure 6A;
right panel). We also observed that while there were minimal CD8*PD-1* cells in the
BALB/c and Ctrl B6 donor groups, these cells were increased significantly in the
TORC2PC~/~ B6 donor group. No difference in intensity of PD-1 expression was observed
between the groups (Figure 6B, C).

While there were no significant differences in the incidences of proliferating (CFSE!®) CD4*
Teff (Figure 7A; top panel) or the division index of Teff between the groups (Figure 7A;
bottom panel), there were significant increases in proliferating CD8* T cells in both the Ctrl
B6 and TORC2PC~/~ B6 donor groups compared to the syngeneic BALB/c donor group
(Figure 7B; top panel). Moreover, the CD8* T cell division index was augmented
significantly in the TORC2PC~/~ B6 donor group compared with both the BALB/c—
BALB/c and Ctrl B6— BALB/c groups (Figure 7B, bottom panel). Furthermore, while
both the Ctrl B6 and TORC2PC~/~ B6 donor groups showed significantly elevated IFNy,
IL-2 and GrB production compared to the syngeneic BALB/c donor group in response to
donor B6 Ag stimulation, T cells from the TORC2PC~/~ donor group produced significantly
more IFN+y and GrB compared to the Ctrl B6 donor group (Figure 7D).

3.5. TORC2PC-'~ mice exhibit enhanced cutaneous DTH responses

Next,we sought to confirm the pro-inflammatory function of TORC2~/~ DC in donor skin.
Utilizing a cell-mediated DTH model in which the skin was sensitized with DNFB, then
challenged 5 days later with DNFB, TORC2PC~/~ mice exhibited significant increases in
responses compared with WT Ctrl animals (Figure 8A). These enhanced responses were
accompanied by increases in epidermal thickness (Figure 8B) and significant increases in
CD8* T cell infiltration (Figure 8C, D). Moreover, significant increases in skin-infiltrating
Ly6G/C* cells (Figure 8E, F) were also observed in TORC2PC~/~ mice.

3.6. TORC2PC-/~ mice display a more pro-stimulatory DC phenotype than WT Ctrl mice

To ascertain whether the augmented cutaneous cell-mediated inflammatory responses
observed in TORC2PC~/~ mice could be ascribed to altered DC phenotype and/or DC
migratory capacity, we painted ear pinnae of TORC2PC~/~ or WT Ctrl mice with FITC.
After 24 hours, cells in the draining superficial and deep cervical LN were isolated and
migratory DC identified as FITC*. There were no significant differences between WT Ctrl
and TORC2PC~/~ mice in terms of total number of CD11c*IAP N DC (Figure 9A), FITC
*CD11c*I-AP hi DC (Figure 9B), FITC expression by DC (Figure 9C) or CCR7 expression
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on FITC* DC (Figure 9D). These data indicate that mTORC2™~ DC did not differ in their
migratory capacity compared with Ctrl DC. On the other hand, while co-stimulatory CD86
expression did not differ on migrating FITC* DC between WT Ctrl and TORC2PC~/~ mice
(Figure 9E), co-inhibitory B7-H1 expression was reduced significantly on the migrating
mTORC2~/~ DC compared to WT Ctrl DC (Figure 9F), suggesting enhanced T cell
stimulatory potential of the LN-homing mTORC2-deficient skin DC.

3.7. Skin graft rejection is not affected in TORC2PC~/~ recipients

Having observed that mTORC?2 deficiency in donor DC led to accelerated minor H Ag-
mismatched skin graft rejection, we also investigated whether, conversely, mMTORC2
deficiency only in recipient DC might also affect graft rejection. We grafted trunk skin from
either B6 WT Ctrl mice (OVA") or OVAtg mice (OVA*) onto syngeneic B6 WT Ctrl or
TORC2PC~/~ mice. While all OVA" — Ctrl grafts remained intact after 25 days, the MST
for OVA™ — TORC2PC~/~ and OVA* — Citrl grafts were 16.5 and 18.5 days respectively,
and did not differ significantly (Figure S3A). The OVA* grafts were reduced slightly but
significantly in size 21 and 23 days post-transplant in TORC2PC~/~ compared to Ctrl
recipients (Figure S3B). Gross morphology of the grafts on POD 14 showed more extensive
necrosis of both the OVA* — Ctrl and OVA* — TORC2PC~/~ grafts compared to those
from OVA™ donors (Figure S3C). Histological examination and Banff criteria scores
confirmed similar levels of rejection in the OVA* — TORC2PC~/~ and OVA* — Ctrl grafts
at POD 14 (Figure S3D, E), and there were no significant differences in CD3* and CD8* T
cell infiltration (Figures S4 and S5). There were also no significant differences in the
numbers of CD4* Teff or CD8* T cells or in the Teff:Treg ratio in regional LN between the
OVA*—TORC2PC~/~ and OVA*—Ctrl groups and cytokine production was not affected
(Figure S6). Thus, in contrast to transplants from TORC2PC~/~ donors in WT recipients,
grafts from donors with intact DC to TORC2PC~/~ recipients did not exhibit augmented T
cell responses or increased tissue injury.

4. DISCUSSION

We have reported previously23 that ex vivo-generated, conventional BM-derived myeloid
DC lacking functional mTORC2 display an enhanced pro-inflammatory phenotype and can
augment allogeneic Th1/Th17 polarization and proliferation in vitro, as well as Ag-specific
Th1/Th17 responses in vivo. We now show, using a non MHC-mismatched (M—F)
transplant model in which rejection occurs in response to male HY Ag®2, that TORC2PC—/~
skin grafts undergo accelerated rejection, accompanied by enhanced CD8* T cell responses.
While it has been reported that conditional disruption of MTORC1 in DC dysregulates
epidermal Langerhans cell (LC) homeostasis33 and that, based on inactivation of mTOR
complexes specifically in the epidermis, both mTORC1 and mTORC?2 in keratinocytes are
integral components of skin morphogenesis34, conditional deletion of mMTORC?2 in DC does
not impact skin morphogenesis. Moreover, in the present study, histological comparison of
naive trunk skin between TORC2PC~/~ and WT B6 male skin did not reveal any
morphological differences. Thus, inherent anatomic or skin-resident DC homeostatic
abnormalities are unlikely to account for the accelerated failure/rejection of TORC2PC~/~
grafts that we observed.
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Donor DC are required for direct priming of immune responses to Ags expressed by MHC-
mismatched grafts. With MHC-matched, minor H Ag-mismatched grafts (such as donor
male skin grafts in syngeneic female recipients), the intensity of the T cell response to
directly-presented Ags is reduced, while the indirect pathway of Ag recognition is also
thought to be important35. However, conditional depletion of epidermal LC or conventional
dermal DC in male skin grafts prolongs graft survival but does not prevent their rejection in
female recipients3® and delayed rejection is correlated with delayed expansion of HY Ag-
specific CD8* T cells. Therefore, the ability of interstitial donor mTORC2~~ DC in this
study to elicit enriched CD8* T cell responses not only highlights the importance of CD8* T
cells in graft rejection, but also mirrors our previous finding that intratumoral injection of
syngeneic BM-derived mTORC2~/~ DC delays B16 melanoma growth in a CD8* T cell-
dependent manner36. Moreover, the increased incidence of CD8*PD-1* T cells elicited by
interstitial donor mTORC2™~ DC suggests these T cells are also more activated, as PD-1
expression has been used to identify tumor-reactive CD8" tumor-infiltrating T cells37: 38,
Although overexpression of PD-1 has been associated with T cell exhaustion3?, we did not
observe any significant differences in the intensity of PD-1 expression by graft-infiltrating
CD8* PD-1* T cells.

As we observed within the minor H Ag-mismatched grafts, elevated numbers of CD8* T
cells were also found in regional LN of TORC2PC~/~ skin recipients. Moreover,
TORC2PC~/~ graft recipient T cells produced elevated levels of pro-inflammatory IFN+y and
IL-2 in response to donor Ag stimulation. IFNvy is well-known to skew CD4* T cell
responses to a Th1 phenotype*? and has also been implicated in direct control of CD8* T
cell expansion®l,

In addition to enhanced T cell infiltration, we also observed greater collagen degradation in
the minor H Ag-mismatched TORC2PC~/~ grafts. Collagen degradation is found in rejecting
bilayered skin constructs grafted onto patients with chronic wound-healing defects*? and
collagen type | formation is a positive indicator of graft survival in facial plastic and
reconstructive surgery#3. Thus, pronounced collagen degradation in the TORC2PC~/~ skin
grafts provides additional evidence of their enhanced rejection compared to WT grafts.

We also investigated whether DC-specific mTORC?2 deficiency in donor grafts would
accelerate rejection in a full-MHC mismatch model, in which the donor Ag-specific
precursor T cell population is larger than that in a non-MHC mismatch, minor mismatch
model. Although there was a trend for TORC2PC~/~ B6 — BALB/c grafts to fail more
rapidly than Ctrl B6 — BALB/c grafts, this was not statistically significant. However,
draining LN of the TORC2PC~/~ graft recipients contained more activated CD8" T cells,
based on their expression of PD-1. Moreover, when stimulated with donor Ag, CD8" T cells
from TORC2PC~/~ graft recipients had a significantly higher division index, indicative of
multiple divisions per cell. In addition, LN T cells from TORC2PC~/~ graft recipients
produced more IFNy and GrB than Ctrl graft recipient T cells. As it has been demonstrated
that CD8" T cells are critical for the production of GrB in rejecting skin grafts*4, this
provides further evidence of the augmented ability of mTORC2~/~ DC to stimulate CD8* T
cells in the context of skin transplantation.
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Defects in wound healing can cause graft displacement and loss of function*®, while
treatment of transplant recipients with the mTORCL inhibitor rapamycin impairs wound
healing via its lymphopenic properties#6. However, we do not believe that impaired wound
healing contributed to the accelerated rejection of TORC2PC~/~ grafts as this effect has not
been ascribed to mMTORC2 inhibition. Additionally, since DC and T cells positively regulate
wound healing?” and since mTORC2~/~ DC augment graft T cell infiltration, impaired
wound healing is considered unlikely.

The enhanced cutaneous DTH responses we observed in TORC2PC~/~ compared to Ctrl
mice were characterized by increased CD8* T cell and Ly6C/G* myeloid cell infiltration,
confirming that the absence of functional mMTORC2 in skin-resident DC induced augmented
cutaneous cell-mediated immunity. The type of responses that we examined (T cell-mediated
contact hypersensitivity) are dependent on epidermal immunomodulatory LC that express
CD11c*8, capture the sensitizing hapten and migrate to regional LN for direct presentation
to CD8" T cells (the predominant effectors of contact hypersensitivity*9-51) and also on
dermal DC®? that can also play essential roles in inducing immunity®3: 54, Since LC have
also been shown to dampen murine contact hypersensitivity responses by tolerizing CD8* T
cellsS 56, the augmented responses seen in TORC2PC~/~ skin may be a consequence of
reduction in their immunoregulatory function.

Previous studies have implicated mTORC2 in regulation of cell migration. Thus, breast
cancer cells lacking mTORC2 exhibit reduced migratory function®’. Whether mTORC?2
affects skin DC migration following hapten sensitization has not previously been examined.
We therefore considered whether the enhanced cutaneous cell-mediated immune reactions
that we observed in TORC2PC~/~ mice might reflect altered migration of skin-resident
TORC2PC~/~ to secondary lymphoid tissue. However, we saw no significant differences in
skin DC migration to regional LN between Ctrl and TORC2PC~/~ mice, or in acquisition/
expression of the sensitizing agent by migrating, hapten-expressing (FITC*) DC between
Ctrl DC and TORC2PC~/~ DC. There was also no significant difference in the expression by
these DC of CCRY7 that guides their migration to cognate ligands in secondary lymphoid
tissue®8, Taken together, these data suggest that the accelerated rejection of minor H Ag-
mismatched TORC2PC~/~ skin grafts and the enhanced cutaneous DTH responses in
TORC2PC~/~ mice are not due to alterations in DC migration to regional lymphoid tissue.
Interestingly, however, migratory mTORC2-deficient DC displayed decreased cell surface
B7-H1 expression relative to unmodified costimulatory CD86 expression, indicative of a
more T cell stimulatory phenotype and providing further evidence that skin-resident DC that
specifically lack mTORC2 are more immunostimulatory than Ctrl skin-resident DC.

In the present study, we also examined, conversely, the fate of WT skin grafts in
TORC2PC~/~ recipients. Donor-derived DC have long been regarded (via the direct pathway
of allorecognition) as instigators of acute, MHC-mismatched allograft rejection, but are
thought to be eliminated soon after transplant, while host DC have been implicated (via the
indirect pathway) in development/maintenance of chronic rejection. Recent evidence®®
acquired using the tg OVA Ag skin transplant model suggests however that, by acquiring
intact donor MHC class | Ag (semi-direct allorecognition) host DC may play an essential
role in the instigation/regulation of acute rejection. Utilizing this OVAtg skin transplant
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model in which OVA functions as a minor H Ag80 to investigate whether mTORC2
deficiency in host DC that indirectly/semi-directly present donor Ag affects skin graft
outcome, we did not observe any significant difference in graft rejection. OVA may not be
captured efficiently by recipient APC that repopulate the graftS9 with the result that absence
of mMTORC2 in host DC does not significantly affect graft survival. Pronounced CD8* T cell
infiltrates were observed in both WT Ctrl and TORC2PC~/~ recipients of these minor H Ag-
mismatched grafts at POD 7. When considered together with the data showing no
differences in numbers of CD4* Teff, CD8" T cells or CD4*Treg at POD 7 within regional
LN, or differences in cytokine production following host T cell challenge with OVA* DC, it
appears that selective mTORC2 deficiency in recipient DC does not affect T cell-mediated
graft rejection in this model.

Our findings describe for the first time, a role for mTORC2 in graft-resident DC in the
regulation of transplant outcome. In a model of minor H Ag (HY)-mismatched skin graft
rejection, mTORC?2 deficiency in donor DC elicited enhanced effector CD8* T cell
responses, consistent with accelerated rejection. The ability of tissue-resident DC deficient
in mTORC2 function to augment anti-donor CD8" T cell responses should be considered in
interpreting the influence of mTOR inhibitors on immune reactivity, and in the development
of new generation dual mMTORC1 and 2 inhibitors!4 and selective mTORC?2 inhibitors!6: 17,
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FIGURE 1.

HY-mismatched skin grafts from TORC2PC~/~ donors exhibit shortened survival times and
enhanced Banff ejection scores. Male (M) or female (F) wild-type B6 mice were
transplanted with full-thickness skin grafts from either B6 WT control M (Ctrl M) or B6
TORC2PC~/~ M donors. (A) Graft survival over time, 7=3-8mice per group; Log-rank test,
*, p < 0.05. (B) Skin graft size as a percentage of original graft size over time, 7=6-8 mice
per group; Student’s t-test, *, p < 0.05. (C) Representative gross morphology of skin grafts
at post-operative day (POD) 10 and POD 14. (D) Representative H&E staining of normal
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naiive (non-transplanted) WT Ctrl and TORC2PC~/~ trunk skin. (E) Banff rejection scores of
skin grafts at POD 14, n=4, one-way ANOVA Tukey’s multiple comparisons test, ***X, p <
0.001. (F) Representative H&E staining of skin grafts at POD 14 showing (above) the
epidermal-dermal junction (E-D) and (below) the deep dermal layer (DD). Arrowheads
indicate (1) vacuolar damage, (2) pathological diskeratosis, (3) lichenoid infiltrate/interface
dermatitis, (4) pemphigoid acantholysis, (5) vasculitis and (6) thrombosis.
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FIGURE 2.

HY-mismatched skin grafts from TORC2PC~/~ donors elicit enhanced CD8* T cell
infiltration. Quantitative analysis of T cell infiltration in skin grafts from WT control (Ctrl)
M and TORC2PC~/~ M donors was performed on post-operative day (POD) 7. (A)
Representative immunohistochemical staining for CD3* cells (arrowheads); 7=4 mice per
group. (B) Numbers of CD3* cells per high power field (hpf) in skin grafts; 7=4 mice per
group; one-way ANOVA Tukey’s multiple comparisons test, ** p<0.01. (C) Representative
staining for CD8* cells (arrowheads); /7=4 mice per group. (D) Numbers of CD8* cells per
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hpf in skin grafts; n=4mice per group; one-way ANOVA Tukey’s multiple comparisons test,
* 0 <005 ** p<0.01.
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HY-mismatched skin grafts from TORC2DC ™/~ male (M) donors exhibit enhanced
CD8*PD-1* T cell infiltration compared with grafts from WT control (Ctrl) M donors. Cells
were isolated from skin grafts on post-operative day (POD) 7 via collagenase digestion and
analyzed following mADb staining by flow cytometry. T cells were gated on live (Zombie-)
CD45.2*CD3" cells. (A) Total numbers of CD4*Foxp3- T effector (Teff) cells, CD8* cells
and Teff:CD4*Foxp3* (Treg) cell ratios within the grafts. (B) Representative histograms of
CD8*PD-1* T cells within the grafts. (C) Numbers of CD8*PD-1" T cells within the grafts
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(left) and mean fluorescence intensity (MFI) of PD-1 on PD-1* cells (right). 7=4 mice per
group; one-way ANOVA Tukey’s multiple comparisons test, *, p < 0.05,; **, p<0.01, ***,
p<0.001, **** p<0.0001.
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HY-mismatched skin grafts from TORC2PC~/~ male (M) donors elicit enhanced numbers of
CD8* T cells in draining lymph nodes (LN) and augmented IFNy and IL-2 production in
response to donor Ag stimulation. T cells were isolated from the axillary LN of skin graft
recipients on post-operative day 7. (A) Total numbers of CD4*CD25 Foxp3- T effector
(Teff) cells, CD8* T cells and the ratio of Teff: Treg (CD4"CD25*Foxp3*) cells. 7=8mice
per group; one-way ANOVA Tukey’s multiple comparisons test, *, p < 0.05; ***, p<0.001;
**xk p<0.0001. (B) Isolated T cells were co-cultured with splenic DCs isolated from FIt3L-
mobilized male mice for 3 days. Levels of IFN+y, IL-2 and IL-4 in the supernatants. n=4
mice per group; one-way ANOVA Tukey’s multiple comparisons test, ** p<0.01; ****,
p<0.0001.
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Figureb.
MHC-mismatched skin grafts from TORC2PC~/~ donors exhibit enhanced Banff rejection

scores compared with grafts from Ctrl donors. Wild-type BALB/c mice received full-
thickness skin grafts from either B6 WT control (Ctrl B6) or TORC2PC~/~ B6 donors. (A)
Graft survival over time; 7=3-6 mice per group; Log-rank test. (B) Representative gross
morphology of skin grafts at post-operative day (POD) 5 and POD 7. (C) Banff rejection
scores of skin grafts at POD 5; n=4 mice per group; one-way ANOVA Tukey’s multiple
comparisons test; *, p < 0.05, **, p < 0.01. (D) Representative H&E staining of skin grafts at
POD 5 showing (above) the epidermal-dermal junction (E-D) and (below) the deep dermal
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layer (DD). Arrowheads indicate (1) vacuolar damage, (2) pathological diskeratosis, (3)
thrombosis, and (4) vasculitis.
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Figure 6.

MHC-mismatched skin grafts from TORC2PC~/~ B6 donors elicit enhanced numbers of
CD8" and CD8*PD-1* T cells in draining lymph nodes (LN) of WT BALB/c recipients. T
cells were isolated from the axillary LN of graft recipients on post-operative day 5. (A)
Numbers of CD4*CD25 Foxp3- T effector (Teff) cells, CD8" T cells and the ratio of Teff:
Treg (CD4*CD25%Foxp3™) cells. (B) Representative histograms of CD8*PD-1* T cells
within LN of each group. (C) Numbers of CD8*PD-1" T cells within LN (left) and MFI of
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PD-1 on PD-1" cells (right). 7=4 mice per group; one-way ANOVA Tukey’s multiple
comparisons test, *, p < 0.05; ** p<0.01, ***, p<0.001.
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Figure7.
MHC-mismatched skin grafts from TORC2PC~/~ donors elicit enhanced proliferation of

CD8* T cells in draining lymph nodes (LN) and augmented IFNy and IL-2 production in
response to donor Ag stimulation. T cells were isolated from the axillary LN of TORC27/~
or WT control (Ctrl) skin graft recipients (BALB/c) on POD 5. Isolated T cells were labeled
with the cell proliferation dye CFSE, and stimulated with B6 splenic DC for 3 days. (A)
Proliferation of CD4*Foxp3- T cells measured by cellular CFSE content (above, percent
dividing; below, division index). (B) Proliferation of CD8" T cells as measured by cellular
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CFSE content (above, percent dividing; below, division index). (C) Representative cell
proliferation profiles from each group. (D) Levels of IFNy, IL-2, and GrB in the culture
supernatants. 7=4 mice per group; one-way ANOVA Tukey’s multiple comparisons test, *, p
< 0.05; ** p<0.01, ***, p<0.001, ****, p<0.0001.
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FIGURE 8.
TORC2PC~/~ mice exhibit enhanced cutaneous delayed-type hypersensitivity (DTH)

responses. Female WT control (Ctrl) or TORC2PC~/~ mice were sensitized with
dinitrofluorobenzene (DNFB) on the skin of the abdomen on day 0, then challenged 5 days
later with DNFB on the right ear pinna to elicit a DTH response. (A) Percent increase in
pinna thickness of the elicited ear compared with the non-elicited ear 24, 48, and 72 hours
post-challenge; Student’s t-test *, p<0.05; **, p<0.01. (B) Representative H&E staining of
non-elicited and DNFB-challenged ears, as indicated; images are representative of n=4-5
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mice. Insets are higher power views of the areas highlighted. Vertical inverted arrows
indicate the thickness of the epidermal layer. (C) Numbers of CD8* cells within the ear
pinna 72 hours post-challenge; 7=3 high-powered fields (HPF) per mouse; 4-5mice per
group; Student’s t-test, *, p < 0.05. (D) Representative immunofluorescence (IF) DAPI
(blue) and CD8 (red) staining (arrowheads) of non-elicited and challenged ears. (E)
Numbers of Ly6G/C* cells within the ear pinna 72 hours post-challenge; 7=4-5 mice per
group; Student’s t-test, **, p < 0.01. (F) Representative IF DAPI (blue) and Ly6G/C (green;
arrowheads) staining of non-elicited and challenged ears. Images on the far right are higher
power views of the rectangular areas outlined by dotted lines in (F).
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FIGURE 9.

TORC2PC~/~ mice do not exhibit enhanced skin DC migration to regional lymph nodes
(LN), but display reduced B7-H1 expression on DC compared with WT control (Ctrl) mice.
WT Ctrl or TORC2PC~/~ B6 mice were painted with FITC on the back of the ear pinna and
cells were isolated from the cervical LN 24 hours later. (A) Numbers of (CD11c*IAP hiy DC
in the LN. (B) Representative data (above) and incidence and absolute numbers (below) of
FITC* conventional DCs (CD11c* I-AP M), (C) Above, representative flow profiles and
below, mean fluorescence intensity (MFI) of FITC staining on FITC* DC. (D) Above,
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representative flow profiles and below, MFI of CCR7 staining on FITC* DC. (E) Above,
representative flow profiles and below, MFI of CD86 staining on FITC* DC. (F) Above,
representative flow cytometry and below, MFI of B7-H1 staining on FITC* DC in LN. n=5-
6 mice per group; Student’s t-test, **, p<0.01.
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