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B9.4.1; B9.7.6; B9.8.6; B9.11; B9.11.10; BE48; BL15;
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In another aspect, the present invention may also include the steps of isolating peripheral blood
mononuclear cells, isolating LC precursors from the peripheral blood mononuclear cells,
culturing the LC precursors with GM-CSF, Flt3-L. and TNFa to make LCs, isolating T cells
from peripheral blood mononuclear cells and co-culturing the LCs and the T cells in the
presence of an anti-CDS antibody under conditions that generate suppressor T cells, and
reintroducing the T cells, the LCs or both into a patient prior to, in conjunction with or after
transplantation. In another aspect, the method may also include the steps of isolating peripheral
blood mononuclear cells from the transplant patient, isolating LCs and culturing the LCs GM-
CSF, F1t3-L and TNFa, isolating T cells from the transplant patient and co-culturing the LCs and
the T cells in the presence of an anti-CD8 antibody to generate suppressor T cells, and
reintroducing the T cells, the LCS or both into the patient prior to, in conjunction with or after
transplantation. In one aspect, the suppressor CD8+ T cells have an increased expression of type

2 cytokines (IL-4, IL-5 and IL-13) and IL-10.

Yet another embodiment of the present invention includes method of making suppressor T cells
and the cells made thereby, the method including isolating peripheral blood mononuclear cells,
isolating LC precursors from the peripheral blood mononuclear cells, culturing the LC
precursors with GM-CSF, Flt3-L and TNFa to make LCs, isolating T cells from peripheral blood
mononuclear cells and co-culturing the LCs and the T cells in the presence of an anti-CDS
antibody under conditions that generate suppressor T cells. In one aspect, the anti-CDS8 antibody
down-regulates the immune response to the engrafted organ without affecting the immune
response to viruses. In one aspect, the CD8+ T cells are high-avidity antigen-specific naive T
cells. In one aspect, the Langerhans cells are CD1a+CD14— LCs. In another aspect, the
CD1a+CD14- Langerhans cells are obtained by cell sorting. In yet another aspect, the
Langerhans cells are generated in-vitro by culturing for nine to ten days CD34+ HPCs with GM-



IF, FCM Rabbit CD8 (14) nouse I1gG FL (h) IF Human CD8
(15-1105) nouse Ig&Ra FL (r) IF Rat CD8 (2.43) rat

WO g@2h4B82 (M) | F, FCM Mouse CD8 (32-M4) nouse PCIERS20P/046464
(h) WB, IP, IF, FCM Human CD8 (38.65) nouse |Ig&a FL
(sheep) 5

CSF, FIt3-L and TNFa. In one aspect, the anti-CDS8 antibody is selected from ¢cM-T807, T8,
RPA-TS, HIT8a, Leu 2, T8, and OKTS. The anti-CDS8 antibody may also be provided in the
culture at between 0.5 to 5,000 ng/ml.

In yet another embodiment, the present invention includes a method of making suppressor T
cells, and the suppressor T cells made thereby, by isolating peripheral blood mononuclear cells,
isolating monocytes from the peripheral blood mononuclear cells, culturing the monocytes with
GM-CSF and IFN-0-2b to make (IFN-DCs), isolating T cells from peripheral blood
mononuclear cells and co-culturing the IFN-DCs and the T cells in the presence of an anti-CDS

antibody under conditions that generate suppressor T cells.

Another embodiment of the present invention is a method for affecting an immune response, by
administering a composition that includes suppressor T cells made by isolating peripheral blood
mononuclear cells, isolating LC precursors from the peripheral blood mononuclear cells,
culturing the LC precursors with GM-CSF, Flt3-L. and TNFa to make LCs, isolating T cells
from peripheral blood mononuclear cells and co-culturing the LCs and the T cells in the

presence of an anti-CDS antibody under conditions that generate the suppressor T cells.

Yet another embodiment of the present invention is a method of inhibiting rejection of a
transplanted tissue in a mammal by introducing a suppressor T cell made by a method
comprising isolating peripheral blood mononuclear cells, isolating LC precursors from the
peripheral blood mononuclear cells, culturing the LC precursors with GM-CSF, Flt3-L and
TNFa to make LCs, isolating T cells from peripheral blood mononuclear cells and co-culturing
the LCs and the T cells in the presence of an anti-CD8 antibody under conditions that generate

the suppressor T cells.

In another embodiment, the present invention is a composition that reduces transplant rejection
that includes an effective amount of suppressor T cells sufficient to reduce transplant rejection
without eliminating other immune responses, wherein the suppressor T cells are generated from
isolated peripheral blood T cells co-cultured with mature LCs in the presence of an anti-CD8
antibody under conditions that generate the suppressor T cells. In one aspect, the anti-CDS
antibody is selected from ¢cM-T807, T8, RPA-TE, HIT8a, Leu 2, T8, and OKTS. In another
aspect, the anti-CDS8 antibody is provided in the culture at between 0.5 to 5,000 ng/ml. In one

aspect, the cells are frozen and resuspended in a medium for injection prior to use.



IP, IF, FCM sheep, cow CD8 (5F10) nouse 1gG FL (h)
IF, THC(P), FCM Human CD8 (5H10-1) rat 1g&b FL (m
WO EooA@BHuman CD8 (6A238) nouse 1gG@ N A FCM MOF/E820C0816464
(6A243) rat 1gG FL (dog) FCM human, dog CD8 (6D17)
nouse |1 g&2a FL (h) 6

Description of the Drawings

For a more complete understanding of the features and advantages of the present invention,
reference is now made to the detailed description of the invention along with the accompanying

figures and in which:

Figures 1a to 1c increased CD8 expression is induced on LCs-primed CD8+ T cells but not on
IntDCs primed CD8+ T cells. Figure 1a shows a flow cytometry analysis of CD8 expression
level on naive CD8+ T cells primed by CD34-DCs subsets. CD8 on LCs primed CD8+ T cells
(black line); CD8 on IntDCs primed CD8+ T cells (grey line). Figure 1b are naive Mart-1
specific CD8+ T cells primed by LCs express higher level of CD8 compare to IntDCs-primed
Mart-1 specific naive CD8+ T cells. Figure 1c¢ shows memory Flu-MP specific CD8+ T cells
activated by both subsets, i.e., LCs or IntDCs, express equal levels of surface CDS.

Figures 2a through 2h shows the role of CD8 in DCs-mediated autologous naive CD8+ T cell
priming. Figure 2a shows autologous Mart-1 specific CD8+ T cells priming is dependent on
CDS ligation. Figure 2b shows the percentage of Mart-1 specific CD8+ T cells measured during
priming with LCs between days 1 to 9. Figure 2c¢ shows 3 different clones in at lease 3
independent experiments with at least 3 different donors, showed a significant blockage of naive
allogeneic proliferation induced by LCs. T8 Beckman upper panel, RPA-T8 middle panel,
OKTS8 lower panel. Figure 2d shows anti-CDS blocks priming of autologous naive CD8+ T cells
in a dose dependent fashion. IC50 as determined at 50ng/ml. Figure 2e shows the percentage of
Mart-1 specific CD8 T cells, anti-CD8 efficiently block antigen specific CD8 T cells priming
even when added as late as 70 h after co-culture initiation. Figure 2f shows MART-1 specific
CD8+ T cells, Primed by peptide loaded LCs in the presence of low dose of anti-CD8 Mab stain
tetramer with lower intensity compared to antigen specific CD8+ T cells primed in the presence
of isotype control. Figure 2g shows the Correlation between the tetramer intensity to the dose of
anti-CD8 Mab used. Figure 2h. Priming of MART-1 specific was blocked by anti-CDS§ even
when the DCs were loaded with high concentration of peptide 100uM or when the peptide was
presence throughout the culture (left panel); right panel: number of MART-1 specific CD8™ T
cells primed by IFN-DCs and loaded with the indicated peptide concentrations. Figure 21 shows
the anti-CD8 block priming of MART-1 (upper panel) or gp100 (lower panel) specific CD8+ T
cells by IFN-DCs

Figures 3a through 3g shows that CDS ligation is critical for allogeneic naive CD8+ T cells

priming. Figure 3a shows Naive CD8+ T cells proliferation in response to allogeneic DCs in the
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presence of anti-CD8 or Isotype control was determined by cellular thymidine incorporation.
Figure 3b shows naive T cells proliferation in response to allogeneic LCs in the presence of anti-
CDS or Isotype control was determined by CFSE dilution. CD8+ T cells in the upper panel and
naive CD4+ T cells proliferation in lower panel. Figure 3¢ shows the dose titration of 30 ng/ml
to 3 ug/ml anti-CD8 showed maximal inhibition of CD8 T cell proliferation at 30 ng/ml (upper
panel). No inhibition of CD4+ T cell proliferation was detected in any concentration of anti-CD§
Mab used (lower panel). Figure 3d and 3¢ show anti-CD8 Mab prevents alloproliferation of
naive CD8+ T cells stimulated by skin derived DCs, epidermal LCs (3d) or dermal DCs (3¢)
50% inhibition was detected at 30ng/ml. Figure 3f and 3g show peptide-loaded LCs and naive
CDS8+ T cells create clusters which are apparent on day 9 of the co-culture (3g), while in the
presence of anti-CD8, clusters formation is inhibited (3f). magnitude 20x upper panel 40x lower

panel.

Figures 4a through 4f shows that anti-CD8 does not block secondary CD8&+ T cells responses
against viral or allogeneic antigens. Figure 4a shows the frequency of FluMP-specific CD8+ T
cells analyzed with FluMP-HLA-A201 tetramer 9 days after activation with FluMP peptide-
loaded LCs from an HLA-A201 donor in the presence of 3ug/ml anti-CD8 Mab (left panel) or
Isotype matched control (right panel). Figure 4b shows that anti-CD8 Mab does not block LCs
induced secondary Flu-Mp specific response at any concentration of Mab used, as analysed by
Flu-MP-HLA-A201 tetramer. Figure 4c shows the frequency of FluMP-specific CD8+ T cells
analyzed with FluMP-HLA-A201 tetramer 9 days after activation with FluMP peptide-loaded
IntDCs from an HLA-A201 donor in the presence of 3ug/ml anti-CD8 Mab (left panel) or
Isotype matched control (right panel). Figure 4d shows that anti-CD8 Mab does not block
IntDCs induced secondary Flu-Mp specific response at any concentration of Mab used, as
analysed by Flu-MP-HLA-A201 tetramer. Figure 4e shows the lack of inhibition by anti-CDS§
is not limited to a particular anti-CDS clone as 2 different clones; T8 beckman (left panel) and
RPA-T8 (right panel) showed no inhibition of Flu-MP specific CD8+ T cells proliferation
induced by peptide loaded LCs after 9 days of culture in the presence 3ug/ml of the indicated
anti-CD8 clone or the Isotype matched control. Figure 5f shows the memory response against
allogeneic antigen is not blocked by anti-CD8. Thymidine incorporation of a secondary
allogeneic co-culture shows that allogeneic LCs (left panel) or IntDCs (right panel), were
effective at inducing allospecific secondary response whether anti-CD8 Mab or isotype matched

control were presence in the culture.
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Figures 5a and 5b show a functional analysis of CD8+ T cells primed in the presence of anti-
CD8 mAD. In Figure 5a allogeneic naive CD8+ T cells primed in the presence of anti-CD8 mAb
were analyzed after 6 d by flow cytometry for the expression of activation and effector
molecules. In Figure 5b allogeneic naive CD8+ T cells primed in the presence of anti-CD8 Mab
secrete Type 2 and regulatory cytokines. Naive CD8+ T cells were cultured over LCs in the
presence or absence of anti-CDS. After 6 d, the proliferated (CFSElow) cells were sorted and
restimulated for 24 h with anti-CD3 and anti-CD28 beads and IFN-y, IL-2-, IL-4, IL-5, IL-10,
and IL-13 were measured in luminex, multiplex bead assay. Data presented are from 3

independent studies.

Figures 6a and 6b show that CD8+ T cells primed in the presence of anti-CDS are suppressors T
cells. Figure 6a shows the capacity of primed T cells to suppress primary T cell responses was
tested by stimulating naive CD8+ T cells with allogeneic DCs in the presence of decreasing
numbers of syngeneic T cells primed by in vitro LCs in the presence of anti-CDS or isotype
control. *[H]thymidine incorporation was assessed after 6 d. Results are representative of three
independent studies. Figure 6b shows naive CD8 T cells (donor A) were stimulated with
allogeneic LCs from donor B in the presence of CD8 Tr cells primed to in vitro LCs from donor
C in the presence of anti-CDS or Isotype control. Results are representative of three independent

experiments

Figures 7a and 7b show the effect of anti-CD8 treatment prevents graft versus host in human-
mouse model in vivo. Figure 7a shows the results using humanized mice injected with
allogeneic CD8+ T cells and anti-CD8 MAD or isotype control. In one out of two studies, anti-
CD40 was injected to induce activation. Mice treated with isotype control antibodies developed
clinical symptoms of chronic graft versus host disease, with rush around the eye (shown), weight
loss and weakness, while mice treated with anti-CDS did not. Figure 7b shows the results from
mice were harvested and the CD8" T cells from BM and blood were analyzed for the expression

of activation markers CD25 and CD103.
Description of the Invention

While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of specific ways to make and use the

invention and do not delimit the scope of the invention.
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To facilitate the understanding of this invention, a number of terms are defined below. Terms
defined herein have meanings as commonly understood by a person of ordinary skill in the areas

[P 1
a

relevant to the present invention. Terms such as “a”, “an” and “the” are not intended to refer to
only a singular entity, but include the general class of which a specific example may be used for
illustration. The terminology herein is used to describe specific embodiments of the invention,

but their usage does not delimit the invention, except as outlined in the claims.

Dendritic cells (DCs) are potent APCs responsible for inducing Ag-specific immunity'. Several
populations of DCs exist that take up residence in different tissues, and have distinct functional
attributes'. The healthy skin hosts at least two DCs populations Langerhans cell (LCs) in the
epidermis and Interstitial DCs in the dermis. These DCs migrate into the draining lymphoid
organs for peripheral tolerance when unactivated and immunity when activated. Other DCs are
found residing in secondary lymphoid organs and circulating in the blood. Much progress in the
understanding of DC biology came from the studies performed with DCs generated in vitro. In
particular, the culture of CD34+ hematopoietic progenitor cells (HPCs) in the presence of TNFa
and GM-CSF give rise to both Interstitial DCs and Langerhans cells”. The present inventors have
shown that LCs but not IntDCs are particularly efficient in priming naive CD8+ T cells. Also,
both subsets are equally efficient at inducing a memory response and CD8+ T cells activated by

both subsets show equal expression of CD8 molecule.

CDS is a surface glycoprotein that functions as a coreceptor for TCR recognition of peptide
antigen complexed with MHC Class I molecule (pMHCI). It is expressed either as an oo
homodimer or as an of heterodimer’, both chains expressing a single extracellular Ig
superfamily (IgSF) V domain, a membrane proximal hinge region, a transmembrane domain,
and a cytoplasmic tail’. CDS interacts with B,m and the a2 and a3 domains of MHC Class I
molecules using its B strands and the complementary determining regions (CDRs) within the
extracellular IgSF V domain. This association increases the adhesion/avidity of the T cell
receptor with its Class I target. In addition, an internal signaling cascade mediated by the CD8a
chain associated tyrosine protein kinase p36lck™ leads to T cell activation. Lck is required for
activation and expansion of naive CD8+ T cells; however its expression is not essential for
responses of memory CD8+ T cells to secondary antigenic stimulation in vivo or in vitro®’. As
shown by either CD8a or CD8B gene targeted mice, CD8 plays an important role in the
maturation and function of MHC Class I-restricted T lymphocytes®’. One patient suffering from

repeated bacterial infections was found to display a CDS deficiency due to a single mutation in
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the CD8a gene. The lack of CD8 did not appear to be essential for either CD8' T cell lincage

commitment or peripheral cytolytic function'’,

Any of a number of well-known anti-CDS antibodies, including monoclonal antibodies, may be
used in conjunction with the present invention, such as those that are part of the International
Workshops on Human Leucocyte Differentiation Antigens (HLDA), including: 2D2; 4D12.1;
7B12 1G11; 8E-1.7; 8GS5; 14; 21Thy; 51.1; 66.2; 109-2D4; 138-17; 143-44; 278F24; 302F27,
AICDS.1; anti-T8; B9.1.1; B9.2.4; B9.3.1; B9.4.1; B9.7.6; B9.8.6; B9.11; B9.11.10; BE4S;
BL15; BL-TS8; BMACS; BU88; BW135/80; C1-11G3; C10; C12/D3; CD8-4C9; CLB-T8/1;
CTAG-CDS, 3B5; F80-1D4D11; F101-87 (S-T8a); G10-1; G10-1.1; HI208; HI209; HI212;
HIT8a; HIT8&b; HIT8d; ICO-31; ICO-122; IP48; ITI-5C2; ITMS&-1, JML-H7;, JML-HS; L2;
L533; Leu-2a; LT8; LY17.2E7; LY19.3B2; M236; M-T122; M-T415; M-T805; M-T806;, M-
T807; M-T808; M-T809;, M-T1014; MCDS8; MEM-31; MEM-146;, NU-Ts/c; OKTS8; OKTSf;
P218; RPA-T8; SM4; TS; T8 /2T8-19; T8 /2T8-2A1; T8 /2T8-1BS; T8 /2T8-1C1; T8 /7Pt3F9;
T8 /21thy2D3; T8 /21thy; T8 /TPE3FP; T8b; T41DS8; T811; Ti68; Til02; UCHT4; VITS;
VIT8b; WuT8-1; X107; YTC141.1; and/or YTC182.20.

Table 1. Examples of anti-CD8 antibodies may include those commercially available such as
those from Santa Cruz Biotechnology, Inc., and include one or more of the following, or

humanized versions thereof:

ANTIBODY ISOTYPE EPITOPE APPLICATIONS SPECIES
CD8 (0.N.66) mouse 1gG; C-terminus (h) |WB, IP, IF, IHC(P) Human
CDS (1.BB.720) mouse 1gG,; FL (rabbit) IF, FCM Rabbit
CD8 (12.C7) mouse I1gG,; FL (rabbit) IF, FCM Rabbit
CDS (14) mouse 1gG; FL (h) 1F Human
CDS (15-11C5) mouse IgG,, |FL (1) 1F Rat

CD8 (2.43) rat IgGop FL (m) IF, FCM Mouse
CDS (32-M4) mouse IgG,, |FL (h) WB, IP, IF, FCM Human
CDS (38.65) mouse IgG,, |FL (sheep) 1P, IF, FCM sheep, cow
CD8 (5F10) mouse 1gG; FL (h) IF, IHC(P), FCM Human
CD8 (5H10-1) rat IgGop FL (m) IF, FCM Human
CD8 (6A238) mouse 1gG; N/A FCM Horse
CDS (6A243) rat 1gG, FL (dog) FCM human, dog
CDS (6D17) mouse IgG,, |FL (h) 1P, FCM Human
CDS (733) mouse 1gG; N/A FCM Human
CDS (8.F.36) mouse 1gG,; FL (h) FCM Human
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ANTIBODY ISOTYPE EPITOPE APPLICATIONS SPECIES
CDS (B-H7) mouse 1gG,; FL (h) 1F Human
CDS (B334) mouse IgM N/A 1F Human
CD8 (C8/144B) mouse 1gG; C-terminus (h) |WB, IP, IF, IHC(P) Human
CD8 (CT6) mouse 1gG; FL (guinea pig) |[IF, FCM guinea pig
CDS8 (CVS8) mouse 1gG,; N/A FCM Horse
CDS (DK25) mouse 1gG,; N/A 1F Human
CDS (fCDB) mouse 1gG,; N/A 1P, IF, FCM Cat
CDS (G28) mouse IgG,, |FL (1) 1P, IF, FCM Rat
CDS8 (H030-1.2) mouse IgM N/A 1F Human
CDS8 (hCDBg) mouse IgG,, |FL (h) FCM Human
CDS8 (HIT8a) mouse IgG,; FL (h) IF, FCM Human
CDS (ICO-31) mouse 1gG,; FL (h) FCM Human
CD8 (JXYTR8) rat [gM FL (m) IF, IHC(P) Mouse
CDS (LT8) mouse 1gG,; FL (h) FCM Human
CDS8 (M211) mouse 1gGy FL (h) 1P Human
CDS8 (M236) mouse 1gG; FL (h) 1P Human
CD8 (MCDS) mouse 1gG; FL (h) IF, IHC(P), FCM Human
CD8 (MEM-31) mouse IgG,, |FL (h) 1P, FCM Human
CD8 (MEM-87) mouse 1gG,; FL (h) 1P, FCM Human
CDS8 (MIL-12) mouse 1gG,, |N/A FCM Pig
CDS8 (RAVB3) mouse 1gG; Fl1 (h) WB, IF, FCM Human
CDS8 (RFT-8) mouse 1gG,; N/A IF, FCM Human
CD8 (RIVI11) mouse IgG; FL (h) IF, FCM Human
CDS8 (RPA-TR) mouse 1gG; N/A IF, FCM Human
CDS8 (UCH-T4) mouse IgG,, |FL (h) 1P, IF, IHC(P), FCM Human
CD8 (YCATE 55.9) [|ratlgG FL (dog) FCM h, dog
CD8 (YTC 141.1HL) [rat 1gGyy, FL (h) FCM Human
CDS8 (YTC 182.20) rat IgGop FL (h) FCM Human
CD8 (YTS 156.7.7) rat 1gGy, FL (m) FCM Mouse
CD8 (YTS169.4) rat 1gGay, N/A IF, FCM Mouse
CDS8-a (76-2-11) mouse 1gG,, |N/A 1P, FCM Pig
CDS8-a (CT-8) mouse 1gG; N/A 1P, IF, FCM Chicken
CDS8-a (EP72) mouse 1gG,,  |[N/A 1P, IF, FCM Chicken
CDS8-a (143-44) mouse 1gG,; FL (h) IF, FCM Human
CDS8-a (3-298) mouse 1gG,,  |[N/A 1P, IF, FCM Chicken
CD8-a. (3H842) rat IgGo, FL (m) 1P, IF, FCM Mouse
CDS8-a (4j9) mouse 1gG; N/A 1P, IF, FCM Chicken
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ANTIBODY ISOTYPE EPITOPE APPLICATIONS SPECIES
CDS8-a (53-6.7) rat 1gG,, FL (m) 1P, IF, FCM Mouse
CDS8-a (5J7) mouse 1gG,; FL (h) IF, FCM Human
CDS8-a (5K100) mouse 1gGy,  |[N/A 1P, IF, FCM Chicken
CDS8-a (5K97) mouse 1gG,,  |[N/A 1P, IF, FCM Chicken
CD8-a. (6A242) mouse 1gG; FL (1) IP, IF, IHC(P), FCM Rat
CD8-a. (C-19) goat IgG C-terminus (h) WB, IF Human
CDS8-a (CA9.JD3) mouse IgG,, |FL (dog) 1P, IF, FCM Dog
CDS8-a (D-9) mouse 1gG,, |22-182 (h) WB, IP, IF, IHC(P) m, 1, h
CD8-a (H-160) rabbit IgG 22-182 (h) WB, IP, IF m, 1, h
CD8-a (IBL-3/25) rat IgG; FL (m) 1P, IF, FCM Mouse
CD8-a (KT15) rat IgG,, FL (m) IF, FCM Mouse
CDB8-a (0X8) mouse 1gG; FL (1) IP, IF, IHC(P), FCM Rat
CD8-a. (R-15) goat C-terminus (r) WB, IP, IF m, T
CD8-a. (YTS105.18)  [rat 1gGyy FL (m) FCM Mouse
CD8-a (YYEX) mouse 1gG,, |extracellular (h) |FCM Human
CDS8-B (1.BB.574) mouse IgG,, |FL (h) FCM Human
CDS8-B (25T8.5H7) mouse IgG,, |FL (h) FCM Human
CDS8-B (341) mouse 1gG,; FL (r) WB, 1P, FCM Rat
CDS8-B (3H901) mouse IgG,, |FL (h) FCM Human
CDS8-B (53-5.8) rat [gG,; FL (m) 1P, IF, FCM Mouse
CDS8-B (5F2) mouse 1gG; internal (1) WB, IP, IF, IHC(P), FCM Human
CD8-B (C-16) goat [gG C-terminal (h) WB, IF Human
CDS8-p (EP42) mouse 1gG,, |N/A 1P, IF, FCM Chicken
CDS8-B (F-5) mouse 1gG,, |22-170 (h) WB, IP, IF, IHC(P) Human
CDS8-p (H-149) rabbit IgG 22-170 (h) WB, IP, IF m, 1, h
CDS8-B (H35-17.2) rat IgGop FL (m) IP, IF, IHC(P), FCM Mouse
CDS8-B (M-20) goat IgG C-terminus (m) |WB, IP, IF Mouse
CD8-B (R-20) goat [gG C-terminus (r) WB, IF Rat
CD8a/B (vpg 9) mouse 1gG; FL (cat) IF, FCM Cat

Non-limiting examples of humanized anti-CD8 antibodies include ¢cM-T807 (Centocor, MA),
and TRX2 (Oxford Therapeutic Antibody Centre, Oxford University, Oxford, United Kingdom).

Dendritic cells (DCs) initiate and polarize antigen-specific immune responses. Human myeloid
DCs (mDCs) include distinct subsets such as Langerhans cells and interstitial (dermal) DCs that

reside in human skin. We have reported that Langerhans cells when compared to Interstitial DCs
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are particularly powerful at priming naive CD8+ T cells against allogenic and autologous
antigens, whereas both mDCs subsets were equally efficient at inducing a secondary response.
The current study was performed to analyze the parameters which might explain the superior
functions of LCs in inducing CD8+ T cell priming. LCs primed CD8+ T cells express higher
levels of CD8 compared to IntDCs primed CD8+ T cells, while antigen specific memory CD8+
T cells induced by both subsets, present equal levels of CDS.

It is shown herein that anti-CD8 monoclonal antibodies block DC-mediated in vitro priming of
autologous as well as allogenic antigens CTLs. The CD8+ T cells primed in the presence of anti-
CDS8 failed to kill targets and produced type 2 (IL-4, IL-5, IL-13) and regulatory (IL-10)
cytokines. Furthermore, the CD8" T cells primed in the presence of anti-CD8 mAb were able to
inhibit an alloreaction and thus acted as suppressor CD8+ T cells. However, induction of
secondary CTL responses such as those to Influenza and CMV were not disturbed. Likewise
anti-CD8 mAbs did not alter CD4+ T cell responses. Administration of anti-CD8 mAbD to the
activation of alloreactive CD&+ T cells in-vivo, in a human-mouse model cells population
prevented the development of graft-versus host disease induced by injection of allogeneic CD8"
T cells. Thus, anti-CD8 antibody therapy might prevent CD8+ T cells-mediated graft rejection,
without perturbing protective anti-viral responses and might therefore represent a significant
progress over current immunosuppressive treatments. This application demonstrated that CD8

ligation results in an inhibition of T cell priming and the generation of regulatory T cells.

The present inventors have demonstrated that LCs are extremely efficient at priming naive CD8
T cells compared to Interstitial DCs, whereas both mDCs subsets were equally efficient at
inducing a secondary response. The current study was performed to analyze the parameters
which might explain the superior functions of LCs in inducing CD8+T cell priming. It is
demonstrated herein that CD8 ligation results not only in the inhibition of T cell priming but also

triggers the generation of regulatory T cells.

DCs Purification and Culture. CD34-derived DCs were generated by culturing G-CSF
mobilized CD34-HPC at 0.5 x 10°/ml in 25 cm” flask in Yssel’s media (Irvine Scientific, CA or
Gemini BioProducts) containing 5% autologous serum, 50 uM 2-B-mercaptoethanol, 1% L-
glutamine, 1% penicillin/streptomycin, and the cytokines; GM-CSF (50 ng/ml; Immunex Corp.),
FLT3-L (100 ng/ml; R&D), and TNF-a (10 ng/ml; R&D). Cultures were incubated at 37°C with

5% CO; in a humidified environment, Cells were transferred to fresh medium supplemented
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with cytokines at the day 5 of culture, and harvested on day 9 or 10. CD1a'CD14-LCs and
CD1a CD14 -intDCs were sorted. Purity was routinely 95-99%.

IFN-derived DC (IFN-DC) were generated by culturing CD14" monocytes (purity >90%) (1x10°
cells/ml) in Cellgenix media (Cellgenix) supplemented with 1% penicillin/streptomycin, and 100
ng/ml GM-CSF (Berlex) and 500 U/ml IFN-o.-2b (Schering Corp) at 37°C and 5% CO,, fresh

medium and cytokines were added on day 1, and the DCs were harvested on day 3.

LCs and dermal IntDCs were purified from normal human skin specimens. Specimens were
incubated in the bacterial protease dispase type 2 (Roche) Antibiotic/Antimycotic (Gibco) for 18
h at 4°C, and then for 2 h at 37°C. Epidermal and dermal sheets were then separated, cut into
small pieces (~1-10 mm) and placed in RPMI 1640 (Gibco) supplemented with 10% fetal bovine
serum (FBS). After 2 days, the cells that migrated into the medium were collected and further
enriched using a Ficoll-diatrizoate gradient, 1.077 g/dl (LSM - Lymphocyte Separation Medium,
MP Biomedicals). DCs were purified by cell sorting after staining with anti-CD1a FITC (OKT6;
DAKO) and anti-CD14-APC (LeuM3; Invitrogen) mAbs.

T cell isolation. Cells were isolated from frozen PBMCs obtained by leukapheresis from adult
volunteer donors. Naive CD8" T cells were sorted as CD45RA'CCR7 HLA-DR CD8" cells,
following CD4", CD56", CD16™ and CD19 magnetic cell depletion (Miltenyi). Naive CD4" T
cells were obtained in the same manner, except that CD8 T cells were depleted and resulting
cells were sorted as CD4'CCR7 CD45RA 'CD4 CD16 CD19” CD56'. For recall responses, CD8"

T cells were positively selected from an enriched population.

DC/CD8 T Cell Cocultures. Autologous CD8" T cells — DCs coculture. For primary response
assessments, naive CD8" T cells (1 x10° cells/well) were stimulated with autologous mDCs (5 x
10* cells/well) that were preincubated for 3 h with the HLA-A201-restricted MART-1 (MART-
Im26-35, ELAGIGILTV) or gpl00 (gp100s200-217, IMDQVPESV) peptide (3 uM). Cells were
cultured for 9 days in 24-well plates in Yssel’s complete medium supplemented with 10 U/ml
IL-7 (R&D) and 100 ng/ml CD40L (R&D). IL-2 (R&D) was added at 10 U/ml at day 3; anti-

CDS or isotype matched control was added on day 0, unless otherwise indicated.

Expansion of peptide-specific CD8" T cells was determined by counting the number of cells
binding peptide/HLA-A201 tetramers (Beckman Coulter) at the end of the culture period. For
the assessment of recall responses, total CD8" T cells (1 x 10° cells/ml) were stimulated with

autologous (5 x10° cells/ml) mDC subsets loaded with HLA-A201-restricted Flu-MP peptide
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MP-specific CD8" T cells was determined by using Flu-MP/HLA-A201 tetramer.

Allogeneic CD8 T cell cultures. Allogeneic proliferation of naive CD8" T cells was assessed by
[H*]-thymidine incorporation, or CFSE dilution. Naive T cells (1 x 10° cells/well) were cultured
in round-bottomed 96-well plates in Yssel’s medium supplemented with 10% heat-inactivated
pooled AB human serum (Yssel’s complete medium) IL-7 and IL-2 (10 IU/ml R&D), to which
2.5 x 10* (unless otherwise indicated) allogeneic mDC subsets were added. CD40L was used to
activate the DCs. After 5 days, cells were pulsed for 18 hours with 1 uCi [H*]-thymidine and the

incorporation of the tracer determined as a measure of ongoing proliferation.

For assessment of proliferation by CFSE dilution, cells were labelled with 0.5 uM CFSE
according to the manufacturer procedure. After 7 d, cells were harvested and the level of
proliferation was analyzed by flow cytometry. In addition, the quality of the primed CDS™ T

cells was assessed as described below.

Where indicated, blocking antibody against CD8 (clone RPA-TS, OKT6, BD, or T8 Beckman

Coulter) or isotype control antibody was added to the coculture.

For secondary allogeneic CD8+ T Cell Culture, 5 x 10* naive CDS8 T cells were cultured with 2.5
x 10° CD40 ligand—activated DCs in 96-well round-bottom plates with the addition of IL-7 and
IL-2. After 6 d, cells were restimulated with DCs from the same donor used in the primary
culture. Anti-CDS antibody or isotype matched control was added to the culture for 3 day after

which time the cellular proliferation was assessed by [*H]thymidine incorporation.

Cytokines production. For CD8+ T cells cytokine production assessment, the proliferated CD8"
T cells (FSCM¥"CD11c™ or CFSE®¥CDI11c") were isolated on day 7 by cell sorting from a
primary allogeneic culture and restimulated overnight with anti-CD3 and anti-CD28 coated
microbeads. Cytokines in the supernatant were measured by multiplex bead-based cytokine

assay.

CDS8" T Suppressor assay. For CD8" T Suppressor function Assay, the proliferated CD8" T cells
(FSC"'CD11¢c” or CFSE®YCD11¢) were isolated on day 7 by cell sorting from a primary
allogeneic culture and added at graded numbers to a coculture of 5 x 10" naive CD8" T cells and
CD40L-activated 2.5 x 10° allogeneic DCs (LCs). 1 w/Ci of [*H]thymidine was added to each

well After 5 d of culturing, and cellular incorporation was determined after 18 h.
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T-cell protein and gene analysis. For effector molecules staining, primed CD8" T cells were
fixed and permeabilized and stained with PE-labeled anti-GranzymeA, GranzymeB and perforin

(BD Biosciences).

For CD8" T cells phenotype analysis, cells were stained for surface expression of CD25 (M-

A251), CD28 (CD28.2), CCR7, CD103 (Ber-ACTS) all from BD biosciences.

For microarray gene analysis, the proliferating CD8 T cells (CFSE") from a primary allogeneic

culture were sorted and re-stimulation with anti-CD3 and anti-CD28 coated microbeads ...

Evaluation of Anti-CDS treatment against Graft vs. host disease in vivo. Mobilized peripheral
blood (MPB) CD34" cells (3-6 x 10° MPB CD34" cells per animal) were infused intravenously
into separate experimental cohorts of sublethally irradiated (300 centigrays by “'Cs y-
irradiation) NOD/SCID mice as previously described 10-12 weeks after transplantation, mice
were injected subcutancously with10M sorted naive CD8' T cells from an allogeneic donor.
Mice were treated with an IgG1 control mAb or anti-CD8 mAb (RPA-T8 BD biosciences, 0 .75
mg on day 0 and 0.25 mg on day 3) subcutancously. In one out of two experiments anti-CD40
monoclonal antibody (MABS89, Schering-Plough) was injected intra-peritoneally at the day of

the allogeneic transplantation to activate the DCs.

Mice were observed daily for survival and clinical signs of GVHD, as manifested by diarrhea,
weight loss and ruffled skin. When symptoms appeared mice were harvested. Human CD8" T

cells were analyzed by flow cytometry.

In vitro priming of naive CD8'T cells with in vitro generated LCs. HLA-A201LCs and IntDCs
were generated in-vitro by culturing for nine to ten days CD34" HPCs in the presence of GM-
CSF, FIt3-L and TNFa. Cells were sorted into CDla'CD14~ LCs (LCs) and CDla CD14"
IntDCs (IntDCs). For primary response, DCs subsets loaded with 3 uM HLA-A201-restricted
melanoma peptide MART-1 (26-35) were cultured with autologous naive CD8" T cells for nine
to ten days. The frequency of the antigen specific CD8' T cells at the end of the culture was

measured using specific peptide-MHC tetramer.

As shown in Figure 1a and Figure 1b, naive CD8" T cells primed by LCs upregulate surface
CD8 expression when compared with IntDCs-primed CD8" T cells. For memory response, DCs
subsets were loaded with 1uM of the HLA-A201 restricted influenza matrix peptide M1. DCs

were cultured with sorted autologous memory CD8" T cells. In contrast, both subsets are equally
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efficient at inducing a secondary response to a viral antigen, and the CD8" T cells activated by

P,

either subset express equal levels of surface CD8 (Figure 1¢).

Anti-CDS antibody prevents priming of antigen specific CD8'T cells. Addition of the anti-CD8
mAb RPA-TS efficiently blocked the expansion of MART-1 specific CD8" T cells by MART-1-
pulsed LCs (Figure 2a). A kinetic analysis indicates that very little antigen-specific CD8'T cells
proliferation is observed between day one and day nine when the anti-CD8 mAb is added to the
culture (Figure 2b). The inhibition of CD8" T cell priming was very effective as 0.1 ug/ml of
antibody resulting in near complete inhibition of the expansion of antigen specific CDS'T cells
and the 50% Inhibitory Concentration (ICso) was in the range of 50-500 ng/ml (Figure 2¢). Three
out of three tested anti-CDS8 antibodies (T8, RPA-T8 and OKTS) inhibited T cell priming
(Figure 2d).

Delaying addition of anti-CD8 mAb to cultures until hour seventy still resulted in a 75%
inhibition of melanoma specific CD8" T cell priming (Figure 2¢). Culturing MART-1 peptide-
loaded LCs and naive CD8" T cells in the presence of low concentration of anti-CDS, resulted in
decreased number of MART-1 specific CD8" T cells compared to primary control cultures
(Figure 2f) furthermore CD8" T cells exposed to anti-CD8 mAb showed lower MART-1 MHC-
tetramer intensity staining when compared to those exposed to the control antibody. The more
anti-CD8 mAb was added to cultures, the less tetramer intensity binding was observed on

antigen-specific T cells (Figure 2g).

The anti-CD8 mAb was also able to block the priming of MART-1 and gp100-specific CD8" T
cells induced by DCs generated by culturing monocytes with GM-CSF and IFN (IFN-DCs)
(Figure 2h), indicating that the inhibitory effect is neither dependent on the source of DCs nor on
the antigen selected for priming. In addition, anti-CD8 mADb was able to block the priming even
when high concentration of peptide was loaded on the DCs, or when the antigen was present
throughout the culture (Figure 21). Taken together these data demonstrate that blocking CDS

prevents DCs-induced priming of high-avidity antigen-specific naive T cells.

Anti-CD8 antibody inhibits DCs mediated alloproliferation of CD8 T cells. Anti-CD8 mAb or
isotype control was added to cultures of naive CD8" T cells together with graded number of in-
vitro generated allogeneic LCs. As shown in Figure 3a using an [‘H]thymidine incorporation
assay, the LCs induced proliferation of allogeneic naive CD8' T cells, was inhibited by the anti-
CD8 mAb. CFSE dilution assays performed on cocultures of LCs with allogeneic naive CD4"
and CD8' T cells confirmed the inhibition of CD8" T cell proliferation (Figure 3b upper panel).



Ctermnus (r) W, IP, IFm r CD8-a (YTS 105.18) rat

lg&b FL (m FCM Mouse CD8-a (YYEX) nouse | g&b
w@aaesBt ul ar (h) FCM Human CD8- 13 (1. BB. 574) PEUSH®09/046464

lg&a FL (h) FCM Human CD8-13 (2ST8.5H7) nouse | gQ&Xa

FL (h) FCM Human CD8-13 (341)8 nouse |gG

It further revealed that the proliferation of allogeneic CD4" T cells was not affected by the anti-
CDS$ antibody (Figure 3b lower panel). Indeed, while CD8" T cell proliferation was inhibited at
30 ng/ml (Figure 3c upper pancl), CD4" T cells showed no decreased proliferation for any
concentration of anti-CD8 mAb used (0-3 pg/ml) (Figure 3¢ lower panel). The vigorous
proliferation of allogeneic T cells induced by dermal DCs or LCs isolated from human skin was
also blocked by anti-CD8 mAb (Figure 3d and ¢). In the presence of anti-CD8 mAbD only few,
scattered, small clusters were formed between CD8'T cells and DCs (Figure 3f). However, in
cultures with no anti-CD8 mAb, vigorous proliferation was associated with many large clusters
of DCs and CD8" T cells (Figure 3g). Thus, anti-CD8 antibody can inhibit DCs-mediated
priming of allogeneic CD8" T cells.

Anti-CD8 does not block secondary response against autologous or allogenic antigens. To test
whether memory CD8" T cell responses would also be inhibited by anti CD8 mAb, HLA-A2"
LCs or IntDCs, loaded with the immunodominant HLA-A2 binding influenza matrix protein M1
peptide (57-68), were cultured with CD8" T cells with the anti-CD8 mAb and its relevant
control. For cither DC subset, the number of antigen specific CD8" T cells, as measured by
tetramer staining, was comparable with anti-CD8 mAb or isotype control (Figure 4a and c). No
inhibition was detected even with concentration of anti-CD8 mAbD as high as 2.5 ug/ml (Figure
4b and d). The two other anti-CD8 mAbs tested (T8 Beckman, RPA-T8 BD) did not inhibit the

flu peptide-induced activation of memory cells (Figure 4¢).

To demonstrate whether memory allogeneic CD8' T cell responses would be affected by anti-
CD8 mAb, naive CD8" T cells were primed by allogenic LCs or IntDCs for seven days, and the
T cells were restimulated for three days. As shown in Figure 4f, the anti-CD8 mADb was not able
to inhibit CD8" T cell restimulation with the original alloantigen using either, LCs or IntDCs.

Thus, these data demonstrate that memory CD8 " T cell responses are CDS8- independent.

Priming CD8'T cells with Anti-CD8 mAb yields Type 2 T cells with low levels of cytolytic
molecules. As shown in Figure 5, CD8" T cells that were exposed to anti-CD8 mAb during
priming with allogeneic DCs express lower levels of CD25, 1COS, CD27, CD28 and lower
intracellular expression of granzymes A and B and perforin (Figure 5a). CD8" T cells primed
with LCs and isotype control for seven days produced, following restimulation with anti-CD3
plus anti-CD28 for 24h, IFN-% (2,000-6,000 pg/ml) and IL-2 (1,000-6000 pg/ml), and low levels
IL-4, TL-5, TL-13 and IL-10. CD8" T cells primed with LCs and anti-CDS8 secreted the same
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amounts of IFN-y and IL-2 but high amounts of IL-4 (100-600 pg/ml), IL-5 (500-2500 pg/ml),

IL-13 (1000-7000 pg/ml) and 1L-10 (70-100 pg/ml) (Figure 5b).

Collectively, the data indicate that anti-CD8 mAb alters the phenotype of activated CDS8'T cells

yielding cells secreting Type 2 cytokines and expressing low levels of cytotoxic molecules.

Alloreactive CD8" T cells primed in the presence of anti-CD8 potently suppress naive CD8™ T
cell responses. To determine whether CD8' T cells primed in the presence of anti-CD8 mAb
show suppressor functions, CFSE-labeled naive CD8'T cells (donor A) were cultured with
allogeneic LCs (donor B) with anti-CD8 mAb or isotype matched control for seven days.
Activated CD8" T cells (CFSE-CD11c-) were sorted and added at graded numbers (3-300) into a
coculture of 50,000 autologous naive CD8" T cells from donor A with 2500 allogeneic LCs from
donor B. CD8" T cells primed with anti-CD8 mAb strongly inhibited the proliferation of naive
CD8'T cells to allogeneic LCs in a dose-dependent fashion, with as little as 100 cells
suppressing the alloreaction by around 80% and ten cells blocking by 50%. However, CD8" T
cells primed with isotype control showed no inhibition (Figure 6a). The inhibition was
particularly striking when the anti-CD8 mAb treated CD8'T cells were given their allospecific

DCs, as the suppression was less intense with DCs from donor C (Figure 6b).

Anti-CD8 mAb inhibits allogeneic CD8" T cell activation and graft-versus-host disease in-vivo.
The strong inhibition of CD8" T cell priming observed in vitro with anti-CD8 antibodies led us
to test whether this would also happen in vivo in immunodeficient NOD-SCID mice grafted with
human CD34 HPCs which differentiate into pDCs, mDCs and B cells but not T cells. These
humanized mice were adoptively transferred subcutancously with 20x10° purified CD8" T cells
from an allogeneic donor with 0.75 mg of either the anti-CD8 mAb or an isotype-matched
control antibody. An additional 0.25 mg of antibody was injected on day three. In one of the two
experiments, anti-CD40 (MAB89, Schering Plough, 100 pg) was injected intraperitoneal in for
DCs activation. Mice were examined regularly for sign of sickness. At ten weeks post CD8' T
cells transfer, mice receiving the isotype-matched control antibody developed clinical symptoms
of chronic graft-versus-host disease, with rashes around the eyes, weight loss and weakness
(Figure 7a). Treatment with anti-CD8 antibody, however, completely inhibited both the
activation and expansion of pathogenic T cells and the development of clinical symptoms
(Figure 7). CD8" T cells from the bone marrow of isotype control treated mice upregulated

CD103 whereas mice treated with anti-CD8 mAbD did not (Figure 7b).
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Collectively these data indicate that anti-CD8 mAb therapy is efficient in preventing allogeneic

primary activation of CD8" T cells, which mediate graft-versus-host disease in immunodeficient

mice carrying a human immune system.

The current study was performed to understand why LCs are more potent than Interstitial DCs at
priming naive CD8" T cells while both mDCs subsets were equally efficient at inducing a
secondary CD8" T cell response. Several conclusions were drawn from results of adding anti-
CD8 mAbs to cocultures of naive CD8' T cells and DCs. First priming of naive CD8" T cells
was found to be profoundly inhibited at very low concentration of antibody while activation of
memory cells was not affected even at high concentration of antibody. Second the residual

proliferating cells differentiated along a suppressor pathway rather than an effector pathway.

These data demonstrated that the entire tested anti-CD8 monoclonal antibodies block, at very
low concentration, DCs-mediated proliferation of CDS8" T cells against antigen presented in the
context of autologous or allogeneic MHC in vitro. However, recall responses against viral or
allogeneic antigens were not inhibited by anti-CD8 mAbs. These data are in line with an earlier
report on in vitro studies with mouse lymphocytes showing that anti-CDS8 antibodies can block
the proliferation of naive CD8' T cells but not that of effector and memory cells’. Anti-CD8
also blocked activation of alloreactive naive CD8' T cells was also observed in-vivo in a
humanized mouse model resulting in the ablation of graft versus host response. Perhaps the most
striking observation is that addition of the anti-CD8 antibodies qualitatively modified the type of
response from an effector response to a suppressor one. The generated suppressor cells express a
unique phenotype with decreased expression of Granzyme A and B and perforin and low CD28.
Furthermore, these cells express an altered phenotype pattern with increased expression of type 2
cytokines (IL-4, IL-5 and IL-13) and that of IL-10. In addition, these cells express potent
suppression capacity as 100 of these cells can block 80% of an alloreaction particularly when
activated by cognate APCs. Interestingly, this phenotype is comparable with the phenotype of
CDS8" T cells cultured over CD14 IntDCs as we reported elsewhere.

These observations are of clinical significance as T cells are the primary mediators of allograft

e 11,12
rejection

. Much effort has been directed at designing therapeutics that specifically block the
initial activation of T cells in allograft recipients. Both CD4 T cells-dependent and CDS' T
cells-dependent pathways have been demonstrated to initiate allograft rejection. While
immunoregulation strategies such as Rapamycin ", Cyclosporine ', anti-CD4 mAb ", anti-

CD154 mAb '° and CTLA4-Ig are very effective at suppressing the CD4-dependent immune
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wer e stinulate t h aut ol ogous
combmetlbnsIuIﬂe)ss otbSvashapisent brachatic vorttbxtHLA- A201-restri ct ed
Fl u- VP peptide WO 2009/ 149382PCT/ US2009/ 046464 15
All of(ted LésbsTigns ant/of hestharde siésstiRed indacihimc@DRren chisbé yade and executed
mat ched control . The frequency of Fl uMP-specific CD8 T
w1thoEteer(gle\ﬁégergg@rgﬁtlxﬁthlé]dhw q% ghq-@%/egq:n& qmﬁijqq],_lﬁsp Ij_lelthe compositions and
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deparfiiiP %metc%ﬂcéﬂt thirkOINesse bagtihvatied. pooked ﬁ%ﬂﬁ#ﬁ[ﬁ)@tltutes and
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was used to activate the DCs. After 5 days, cells were

pul sed for 18 hours with 1 uCG [H3]-thym dine and the

|ncor porat| on of the ‘tracer determ ned as ‘a neasure of
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i nduci ng a secondary response to a viral antigen, and
W@ b@TPBs82 T cells activated by either subset BXPUS289/046464
equal levels of surface CD8 (Figure 1c). Anti-CD8
anti body prevents primng of2Zantigen specific CD8 'T
cells. Addition of the anti-CD8 mAb RPA-T8 efficiently
modifiati6kLebpahmit X BRRS skiMle®@fin WMRRTt é-re&ﬁ:@ﬁtleﬁ it€ bEMBthin TheCitlits scope and
by MART-1- pulsed LCs (Figure 2a). A kinetic anaIyS|s
concep tbat%nwa%s deéipgd py Ia@parﬂeﬁg gpecific CD8 ' T
cells proliferation is observed between day one and
REF%Em F¥ When the anti-CD8 mAb is added to the culture
Igure 2b). The inhibition of CD8 ' T cell primng
1. m@%n&%?é’aueflf%%tem ﬁ %O &{dm!tc %fellégﬁd ﬁt%d%ntrgfgt frﬁrﬂgnity. Nature
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392, 248t52g9@n9®peci fic CD8 'T cells and the 50% I nhi bitory
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along gwp mlchf@eledﬁré; densirpig)cell mathayaym én EgaensE 6o -G INEDBIPha Exp Med
184(%@’ﬁ%'§ s until hour seventy still resulted in a 75%
I"Nhi Di of mnel anoma speCIflc Cbh8 ' T cell printng

(%%ugﬁ%zeﬁ Tgllé ¢1§§| noq? gshtgci gge Ic ne%o&?S two chalns better.

hnnmﬁﬁpqem{ya(ugm)of antl-CDB, resulted in decreased
nunber of MART-1 specific CD8 ' T cells conpared to
4. PRclTREY, ROMBJdRnagUM. U elotdr FUNE &fBolbairit @ﬁ'ﬁ@@)ﬁ@ﬁd CDS8 T cell
T cells exposed to anti-CD8 mAb showed 1 ower MART-1
surfacl4Btig¢nsaare pssopiatsd sivitly thetinfernah gnemeanectyrpanceptotem kinassep56lck. Cell

to the control antibody. The nore anti-CD8 mAb
55,Nﬁ3§8§%ggd to cul tures, the |l ess tetramer intensity
bi ndj n ved en-specific.T.c . .
5. (Ehglyply.2Y) 1 Feabeiies © coe Sk albal B dsdition f Bgorit psoiek i
requlﬂeﬁl ?orl%raﬂmll%ft MRE e Ctrﬁpé-@ @0 Spegifigofb8 " T cells

i nduced” by DCs genérated by cul turing nonocytes with
I I

O CHRTRAER dF b PRerohed PRIl O EBRE RULRES corcceptor
contr(ﬂmsign:aélrngln baisc and memotrn'@ cahd. iJdep Med €82,6d21-30 (P99 ng.

In addition, anti-CD8 mAb was able to bl ock the
7. PMefaAgKeWenlct)en Shigh, L ongasyskat R o& QredheM. iIﬂﬂ*er‘ﬁﬁlal requirement

| oaded on the DCs, or when the anti gen was present
for Lekndwipghpiimatyhandomemape CPEirglicell 2psponseakRioctNjbded Sci U S A 103,

ta denonstrate that bl ocking CD8 prevents

]638%%§€$0guced primng of high-avidity antigen-specific
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functige abEB&d Bmmbgeries. Eur EdmmagolsBodi34-A0 H%dr-e 3a usi ng
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.y 2@&@?3@ b s i ution sssays
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that the prollferatlon of allogeneic CD4 T cells was
n aff 3

1. p‘ialfr?lelf 'ﬁeeg?éd%ﬁﬂﬁ% QP&% J@%Itoinbg‘%gfﬁ?ﬂé%ﬁ%ol l?IJIPSV?'(1991)
i nhibi ted at 30 ng/mM (Figure 3c upper panel), CIﬂ T
cell's showed no decreased proliferation for any
concentration of anti-CD8 mAb used (0-3 I g/nml) (Figure
3c |l ower panel). The vigorous proliferation of
all ogeneic T cells induced by dermal DCs or LCs
i solated from human skin was al so bl ocked by anti - CD8
nﬁb (Flgure 3d and e) In the presence of antl-CIB mAb
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Col l ectively these data indicate that anti-CD8 mAb
therapy is efficient in preventing allogeneic primary
wa@eavigsson of CD8 ' T cells, which nediate  PCT/US2009/046464
graft-versus-host disease in inmunodeficient mce
carrying a human i mmune systZin The current study was
performed to understand why LCs are nore potent than

12. | Rosénbbigd, iAalS. RGSingér, A CRIlNGr baeofGlth allobrafetd) é‘etlhﬂiﬂ dn€in vivo model
both nDCs subsets were equally efficient at Inducing a

of imyppgAGaiaieddpaue deptraetjon. A@% Bak dmmyagklh 3325841 ons
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al ong a suppressor pathway rather than an effector
14, pBoteakayskiT e seald Betectienihshivien etipariphieral K&t icelé IL-2 production by

. d bod
anti-cf T Bieb A ARRER ﬁ@&%fgﬁté'sﬂe%wéf Tradi@ffrdh 7Y s 20 2004).
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17. adlewed! KO Oft al ICut@actdue bieskadd o8 the TER/BE coRtm@b®®y pathway
observed in-vivo in a humani zed nouse nodel resulting
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r ORS e fron1an ffect S O &,: 84
1. O ZRRON S N Gy Gos FopPlal B R oRT o e BB TRT b - Allograr
rej ectibh&i?girﬁﬂ@i/mﬁeﬁlbry@DBG Fsells BXED eSS blebkRlk r&ianayerape@itdimplications
erforin and | ow CD28. Furthernore, these cells
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expression of type 2 cytokines (IL-4, IL-5 and |IL-13) o
19.  aftddicya6. &f, BatltQS. Tn Vaddi 1S dhostapiseesa, Eehl & anesg The epithelial

cell- I%]C ckn}nés /P pﬁf@fﬁn pgﬂagligll%tte rhne)p QF%%SS?{ 8{)Yh R sCe of 215 Active CD8+

CTL. aChhtabersdh 3 740gnatoe7APCs. I nterestingly, thl s
phenotype is conparable with the phenotype of CD8 ' T

20. C@bhS YW bUIash V&L &b is 1eQhi S iR A WRICHER BF F@rg:reatlc islet allografts
el sewhere. These observations are of clinica

by CRS(ghT fcelbsad Eapadedr] WeBI'E-8a(20020e primary medi ators of

allograft rejection” 12. Mich effort has been directed
21.  aCotibsltighi Rg NMheinafe & i Wsldtrhah, Hpdbe findwtiby dfl shok gtaffietolerance in
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initiate allograft rejection. Wiile immunoregul ation
(19903t r at egi es such as Rapanycin 13, Cycl osporine 14,

anti-CD4 mAb 15, anti-CD 154 mAb 16 and CTLA4-1g ''are

very effective at suppressing the CD4-dependent immune
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CD8- dependent pat hway of rejection has been

denonstrated in studies to be resistant. Resistance of

CD8 ' T cells to suppression by calcineurin inhibitors

has al so been correlated with an increased incidence

of acute allograft rejection in clinical studiesl8.

This is in line with the different costimnulatory

requirenents of C4 ' and CD8 ' T cells observed in

vi vo. CD8- dependent aIIograft rejectlon |s dependent

o NN AN O ANNA ™ A . - Y "



1. Banchereau, J. & Steinman, R M Dendritic cells
and the control of immunity. Nature 392, 245-52
W@ 299839382 2. Caux, C. et al. CD34+ henat opoi et PCT/US2009/046464
progenitors from human cord bl ood differentiate al ong
two i ndependent dendritic celd pathways in response to
G\t CSF+TNF al pha. J Exp Med 184, 695-706 (1996). 3.
CLA]éggoys R. The CD8 coreceptor revisited: one chain
t Wo chalns better. Innunity 1, 243-6 (1994). 4.
Velllette ,. Boaokman, Fbrak E. M & Bolen,
L. jA methetgf @é&maa éolﬁaaecenn@equmeghmm&%th&fﬁqf §emBrisipg
associ ated with the internal menbrane tyrosine-protein

contaglingasaated B1esks wahlan asmUnBefnog-epbgsy antiL Digibagngluring T cell
prlrmr\l}& \zvhtff gg gﬁttlé(e%re’ffegtwéoto 1§ﬁd1|§%\f&%1l2)§§1inc T.rce'ﬁS ?r?d:' ation .Of Co8

i's require or ‘e S|gnaII|ng

prow@flg fe Subggtglp&%ﬁiﬂ% tQleRTg m@f‘?%ﬁh%@g@aﬁ et ing o

CD8 core eptor control s nal ing i.n naive and
2. ﬁﬁmﬁ hpddgw am awré%‘f?lma 3:5319815%@ ¥ iy woagyized. 7
Tewari, K., Walent, J., Svaren, J., Zanoyska, R &
3. sihegsthag of pigmel @frb@rem the@aurGIéWtbOﬂw is DQrkdeplgtingg
primary and nmenory CD8+ T cell responses. Proc Natl
4. A&ad n@ﬁmd@fslmﬂowhem% -2Berpth supp@ssowr@ﬂmmge,mined by

asm c do

deternpligs i g P DG R R SO RAGY Qe R B ey . Feduction in

granzy iy B, & rétRictibabf SuRfoRiit s&f&tﬁbn@f RRfleE RirBoliR VLI I-DNFNDYy or both,
cy totoxic function of CD8+ T | ynphocytes. Eur J

secretl%ﬁfﬂbfl()zgac,@g@mam@w thgoRf. 9. Nakayama, K. et al.
Requirement for CD8 beta chain in positive selection '

5. offhepgthdd afetge 1T whetdistheSenenten @6dppesdt Tells $hy proliferation
10. de.l I r . et al. Famlial CD8

Ofﬁqwgﬁﬁgggﬁg§gﬁﬂée?gwgiH@tat|on in the CD8 al pha gene. J

d I 08, 1 200 Cel |
6. rréf'&? gtq%gi ooﬁcil afith eFeé‘jl taPBr{gDSI'?%tﬁ&o m%eé%crﬁ‘&rfw rapy M1-1807, T8,
RP A_a;gﬁn%(ga%)m JNOORORY/ 149382PCT/ U82009/ 046464 24
12. Rosenber’g, 'A.S. & Singer, A Cellular basis of
7. S‘T‘h@ n?eltﬂo(aigff%ul rlelvﬁl%ién?@e aﬁﬂ%éﬂs\é 1¥gepdRdel  of
mune- e d ti'ssue destr nu Rev
8. rngt%lé 0?6 gg%?a?nj{ﬂ]agtg ﬁglgiefc 1%n 1n aD at}ss\p ant pd{len{\/l while rnrqntalmng other

1nnnu8@&gﬁmgbmuﬁﬁ§m§ﬁguu prollferatlon of CD8+ T cells
correlates wth p27ki pl1 down-regul ati on and bcl-xL

treatild19MGlel @D 8 'aNEk s Sv il SVARGEE op%(ntﬁ@DSrHUntﬁe‘p%%%fblockm antibody
phosphoi nosi tide 3-kinase activity i ol ég
effectg@@g grlggzotm:)genermuon @%ﬂu@gteawg |GD8 E" ceé][s dating pafrég Witk an antigen,
I on. of CD8+ . T
whery bl of TR Bseoatirm SeonerrEPP bl e
phenot@ic6Cd te@ictiohlia @fﬂﬁb?ﬂﬁb at, h@&dution #BdanAnd BODANuctiohf perforin,
Jones, N. D. et al. CD40O CD40 |igand- |ndependent

secretiganqfyeduce ampupgil LF2 clEiN- ot beths seresger ohfli-4@ pap combinations
ﬂwanthct'on J I'mmunol 165, 1111-8 (2000). 16. Quo, Z.
CD8 T cell-nediated rejection of intestinal

lntrod@%hg?%%%ﬁreié%%@?ﬁﬁgfﬂ% @%&b’?ﬁ{%&lgl#%ﬁﬂgr&l antati on 71,
1 1-4 001). 17. iti
0. bl Bemmtodgit clive rberaRy hesdd e Sce?fr@%ﬁa‘e%eé R ol denaritc

cells d‘tﬁ'&lﬁ&f ol m@ﬂo’c?@ﬁ @ﬁl&uré@bvﬁﬁ@l\qrtﬁe%@fm @é)t
CD8+ I mmunol 163, 2358-62 (1999)
Zha| Y., Meng, L., Gao, F., Busuttil, R W &

Kupiec-Véinnski, J. W Allograft rejection by
primed/ menory CD8+ T cells is CD 154 bl ockade
resistant: therapeutic inplications for sensitized
transpl ant recipients. J Inmmunol 169, 4667-73 (2002).
19. Hadley, G A, Bartlett, S. T., Via, C S

Rost apshova, E. A. & Mainie, S. The epithelial
ceII-speC|f|c |ntegr|n CD 103 (alpha E |ntegr|n)

. o o, o P,



WD 2009/ 149382PCT/ US2009/ 046464 25 CLAIMS: 1. A
nmet hod of inducing tolerance in a subject in need
w0 b@paef38zonpri sing: contacting isolated T cel PGT/WB1009/046464
an anount of non-depleting anti-CD8 anti body during T
cell priming with an antigenteffective to induce
tolerogenic T cell; and providing the subject in need
10. OTht &l cBfcANsTR | adintd) v&thﬁﬁélﬁ Heela@eiy €118 afel dngerhdns JdB (LCs) generated
method of claimi, wherein the anti-CD8 antibody is
in-vitieyeailtreag CH34THamesmrepheel cellafonmne ey & WlﬂleGM -CSF, Flt3-L
hl-CDB anti body is non-depleting. 4. The nethod of
aim1, wherein the generation of suppressor T cells

TN ol R, SRR R B L

12, S3BF Bl e odu b e s dgfdp Ie{ffe%ilﬁ b immune
resp01§s%% g%je' ogra@{ed bkga%qleﬂ{ou@aﬁm% Rl ﬂrfﬁﬁﬁ’net 1}3%0%% to vrusddle

claim1, wherein the generation of

S I [
13. l?ﬁﬂ@ Flfezhcb oaf;Elaglglcér, gvthgtsellruh% 0@5@61" E@ﬁgfé%%'aﬁ%i ﬁi? QH{ antlbody are
high- aMmﬁtyeamtlgdnespaaﬁcnﬁDB Tarellsbody is sel ected from

cM T807, T8, RPA-T8, HI T8a, Leu 2, T8, and OKT8. 7.
14. Thae pRttveibfelaigl Rivhedein RQHEBITDE hetibRddl igeiectel from cM-T807, T8,
all ogeneic. 8 A nethod to reduce transplant
RPA-Tg; Iélg:]iglaohe"r # B erdR&di®ant patient while maintaining
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15. Cﬂi@e meéhﬂdl of OJralmrS arheeaib thetang fCIRAR entibody inpaydeg irethc wylture at
bd“@ 9 ntl/]n effectlve to trigger the generation
of 's gressé% T cells during prining with an

aﬁil? gﬁ%@g&e@ glll@eap ]i?élsl% ets SPE}SP&H%% !alersfpheral blood

monoﬂllit%h@fcme $olaRinf i@ﬁﬂeb@f@oﬂs Pro@{ ﬁﬁ@ Z¥ABhefal @od@ﬁyﬁsﬂu@ﬁaf ells,
granzymne B, a reducti on of per orin, secr eti on of

culturtngghe 66 rappusars with GM=CSF, [HRRely angt THthho mglse L€ isglatifg T cells

| L-10 conbin t|on er eof and oduci ng t
from ]%%nﬁ%igélgélgpd 8&1401}.110 %a}r cg I?i chultup ns rp]f,gsn%ndc th 9‘ cr?ps in the
preseribe of AR anRICTIalibody ahder %on&iﬁ@tﬁsethﬁt geheraﬁtﬁgpﬂéssbe M &llarad
i ncubated with isolated dendritic cells obtained from

reintregyisBigythe d cells. g bds o bath @ip eprtig@ripFIQ. H1 gamiynchHNp pih)or after
transp\%}t&ggw 149382PCT/ US2009/ 046464 26 10. The met hod of
C m 9, wherein the dendritic ceIIs are Langer hans

ﬁﬁhﬁﬁleé%oﬁg%ﬁgﬁ”ﬁg ? %5, IC&BP“%#@ s ep? 8?1 g %Vgg \Rlelil%eral blood
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met hod of claim8, wherein the anti-CD8 anti body is

expresseqreatttisnk 3 ewakions (FBok IL-pgndrpASTend i-T8a, Leu 2, T8,
and OKT8. 15. The nethod of claim38, wherein t he
19.  art inctiD8 oamiakingdypprssspr deicdechbmprisitie cul ture at
between 0.5 to 5,000 ng/m .
isolating peripheral blood mononuclear cells, isolating Langerhans’ Cell (LC) precursors from

and

the peripheral blood mononuclear cells, culturing the LC precursors with GM-CSF, Flt3-L and

TNFa to make LCs, isolating T cells from peripheral blood mononuclear cells and co-culturing



16. The nmethod of claim8, further conprising the
steps of isolating peripheral blood nononucl ear cells,
WO s@basessy LC precursors fromthe peripheral bP@DUS2009/046464
nmononucl ear cells, culturing the LC precursors with
GW CSF, F1t3-L and TNFa to n#ike LCs, isolating T cells
from peripheral blood nmononucl ear cells and
the LCOarthé Trdengint the ptdsdnoridd ah Beti-TILMtHotf ubhdi@ chfidiEeMkcBat gencrate
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patient, iso g LCs. and e LCs .GM CS

F%ﬁ“%n}f Pt i 1 é?h?@tl} thg C%@ce el Sr%rsﬁahr?alwaaﬁ&g?%ﬁmemﬁc
naive Aadcignt and co-culturlng the LCs and the T cells in

the presence of an anti-CD8 anti body to generate
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cdlynﬁﬁgeased expr essi on of type 2 cytokines (IL-4, IL-5
and I1L-13) and IL-10. 19. A nethod of making

24. SURBHRHFRN of b1l 105 wherdR the i RfgerhaRlRld Mg gﬁﬁérhﬁéb - altro by culturing
bl ood nononucl ear cells, isolating Langerhans

for nigq tQ)tepdassri3dtsHPEs milth{eMpebF, rﬂi‘@rlaland)TbT@d rmnonucl ear
cells, culturing the LC precursors with GwCSF, F1t3-L
25.  aftic TidEedtal cheitad I @hereirsthk aniidD Sramgotly isf selpoted from cM-T807, T8,
ripheral bl qod ucl ear cells and co-cul turing
MA'@\%%@%@/@%@&?‘%@@#& 9/ 046464 27 the LCs and the T
cells in the presence of an body u

26.  cdhamahndoficham e epiteths Gﬁ%@%@ﬂlb‘l’dﬁéﬂ nrgwde@ze thfrﬁvélture at

bmWegﬁb%QQSQho [,jn 19, wherein the anti-CD8 anti body
down-r egul at'es 't he i mune response to the engrafted
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isolatiggﬁ)lgéll)ﬁerai)?o opanue a %efll Clﬁ%l%en 0 eCI fd gfr ¥l|,eé)er1pheral blood
monoh@d&e %Hﬁ‘%ulﬁﬁiﬂg&h@ﬁ%n@&@sﬁ@l@\di@ andaﬁN dhe tcsrﬁiaIaQQFN DCs),

of claim 19, wherein the CDla+CDl4- Langer hans cel
isolatiggd esis Alomeperijicraéblood mqnpngclearzalls Fecongulipia g dic I@H\bDﬁE\s and the
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as meddurdd 63V £53bctidnlindrdnzgn@d AL NF@ductidd.in gﬁﬁzﬁﬁ& Bod r&fucbboMerforin,
19, wherein the anti-CD8 antibody is selected from
secretmofggdpceq-gmopgpﬁoﬁ—gq 2HiFRs % or bedly, speretign of Het 1 @Rrirg combigations
thereqfN® nMethod of claim19, wherein the anti-CD8 antibody
'S prOV|ded in the culture at between 0.5 to 5, OOO
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compsihg Suppres@dnat te1 rﬁmafymscﬁsnﬁg" setiphbal pebi p{mbﬁlhcléﬂr @enzls isolating
nononucl ear cells, culturing the npnocytes with G\ CSF
LC prapasqriRio the peiaphesu &1 qqdpnprmsl\; car el Ui tHEnthed§ Brepyigass with

GM-% 'FF[E_% %S ang %t ﬁgﬁéﬁ,ﬂgg: ?@5&{%91' h%lsgf?dglsl ggrqgjrélr%l l’bgé]dagmononuclear

cells adtco-cuD8riag theddthyandrnibleT celdnhi thé preserich af ag eme Cat8eantibody under
essor T eIIs as a Pred by a reduction in
Condlﬁ?rgsﬁg%ggn%ateé ¥ @@@E@?%[ﬁe?ﬂ‘j Sgranzyme B, a reduction of
perforin, secretion of reduced amounts of IL-2, IFNvy
or both, secretion of IL-10 or a comnbi nations thereof
28. A nethod for affecting an i nmune response,
conprising, admnistering a conposition conprising
suppressor T cells made by isol ating peripheral bl ood
nononucl ear cells, isolating LC precursors fromthe
perlpheral bIood mononucl ear ceIIs culturlng the LC
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31. The conposition of claim 30, wherein the anti-CD8
anti body is selected fromcM T807, T8, RPA-T8, HI T8a,

wh ew249388, and OKT8. 32. The conposition of PCHUMBY)I46464
wherein the anti-CD8 anti body is provided in the
culture at between 0.5 to 5200 ng/m . 33. The
conposition of claim30, wherein the cells are frozen

29. apdme@sySPRIMHEEnd FbjctioR of b fahdlantdl @6Hd B PAAal s8id method
use.
comprising:

introducing a suppressor T cell made by a method comprising isolating peripheral blood
mononuclear cells, isolating LC precursors from the peripheral blood mononuclear cells,
culturing the LC precursors with GM-CSF, Flt3-L and TNFa to make LCs, isolating T cells
from peripheral blood mononuclear cells and co-culturing the LCs and the T cells in the

presence of an anti-CDS antibody under conditions that generate the suppressor T cells.

30. A composition that reduces transplant rejection comprising an effective amount of
suppressor T cells sufficient to reduce transplant rejection without eliminating other immune
responses, wherein the suppressor T cells are generated from isolated peripheral blood T cells
co-cultured with mature LCs in the presence of an anti-CD8 antibody under conditions that

generate the suppressor T cells.

31.  The composition of claim 30, wherein the anti-CDS antibody is selected from cM-T807,
T8, RPA-TSE, HIT8a, Leu 2, T8, and OKTS.

32.  The composition of claim 30, wherein the anti-CDS antibody is provided in the culture at

between 0.5 to 5,000 ng/ml.

33.  The composition of claim 30, wherein the cells are frozen and resuspended in a medium

for injection prior to use.



