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COMPOSITIONS AND METHODS FOR IN VITRO CULTIVATION AND/OR
EXPANSION OF REGULATORY T CELLS

RELATED APPLICATION INFORMATION
This application claims the benefit of and priority to U.S. Provisional Application
Serial No. 62/430,991, filed December 7, 2016, the disclosure of which is hereby

incorporated by reference herein in its entirety.

STATEMENT OF GOVERNMENT SUPPORT
This invention was made with government support under Grant Nos. R15 NS075830,
RO1 NS072150-01A1, and RO1 AI126398-01 awarded by the National Institutes of Health.

The government has certain rights in the invention.

FIELD
The present invention relates to compositions and methods for activating, culturing,
expanding, maintaining, and/or stabilizing the growth of regulatory T cell populations,

including regulatory FOXP3" T cells.

BACKGROUND

CD4" CD25" FOXP3" regulatory T cells (Tregs) play an integral role in preventing
autoimmunity and controlling inflammation. The importance of Tregs is illustrated by the
fact that loss-of-function mutations in FOXP3 leads to the rapid, fatal multi-organ
autoimmune disorders IPEX and scurfy in humans and mice, respectively. Moreover,
dysfunctional Tregs are linked to increased susceptibility to certain autoimmune diseases
such as multiple sclerosis (MS) and type 1 diabetes (T1D). Because of their suppressive
capabilities, Tregs offer a unique therapeutic potential for autoimmune diseases, allergic
diseases, transplant tolerance, and chronic inflammatory disorders. Treg adoptive transfer
therapies, where Tregs are induced or purified ex vivo and then infused into a syngeneic
organism, have shown encouraging results in animal models of autoimmune disease such as
expetimental autoimmune encephalomyelitis (EAE), the animal model of MS, T1D, and
colitis. In early phase clinical trials, Treg adoptive transfer therapies for tissue transplantation
and T1D have shown favorable outcomes, but 1o adoptive Treg therapy has yet to be
approved as a treatment option. An additional approach to Treg-mediated therapies involves

induction or expansion of Tregs in vivo through the use of tolerogenic vaccines or anti-
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inflammatory drugs, such as interferon-B. Interferon-f is a first-line treatment option for
relapsing-remitting MS. Interferon-f has been shown to increase numbers of Tregé in
circulation. Tolerogenic vaccines ideally work by inducing or expanding antigen-specific
Tregs, which would leave the adaptive immune response intact.

FOXP3 is needed for adaptive self-tolerance, and FOXP3 is expressed in a canonical
lineage of suppressive Tregs; however, it cannot be assumed that the role of FOXP3 in self-
tolerance is entirely mediated via the expression of FOXP3 in this lineage of CD4" CD25"
FOXP3" Tregs. FOXP3 may play inhibitory role/s in other cell types, particularly during
transient expression in canonical conventional T cell subsets. For example, FOXP3 can be
transiently expressed during activation in human T cells and is expressed in quasi-stable non-
committed CD25™" FOXP3" T cells in mice. The assessment of FOXP3" Tregs requires new
assessment tools to analyze this subset. One approach to assess these questions is to induce
Tregs in vitro and expand/ maintain in pure culture, and show via adoptive transfer
experiments that these Tregs suppress EAE.

One major setback for Treg-mediated therapies is that Tregs are notoriously unstable
and plastic. In vivo studies using fate-mapping techniques to track FOXP3 expression
showed that under certain environmental circumstances, Tregs can lose FOXP3 expression
and actually adopt an effector T cell phenotype. These so called “ex-Tregs” can potentially
exacerbate autoimmune disease as FOXP3 is required for Treg suppressive activity. Ex vivo
expansion and culturing of Tregs has faced many difficulties due to the fact that Tregs are
relatively anergic in vitro and that contaminating FOXP3" conventional cells (Tcons) can
quickly outgrow Tregs. Additional evidence shows that Tregs lose FOXP3 expression over
time when cultured ex vivo. Propagation and expansion of Tregs in vitro is a step in
generating the numbers of Tregs necessary for Treg adoptive transfer therapies. What drives
Treg instability, especially in vitro, is not well understood.

IL-2 is involved in both the induction and maintenance of Tregs. CD25, the IL-2
receptor alpha chain, is constitutively expressed on Tregs énd represents a phenotypic marker
for Tregs, although CD25 is also expressed at high levels on activated effector T cells.
Various therapeutic techniques manipulating IL-2 availability have met with some success in
animal models and in the clinic. The rationale is that selectively expanding Tregs will
alleviate autoimmune disorders. While most of the focus to date has been on manipulating
IL-2 directly, little attention has focused on manipulating CD25.

FOXP3" regulatory T cells (Tregs) represent potentially powerful adoptive

immunotherapies for autoimmune disease and other chronic inflammatory diseases.
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However, the field currently lacks reliable technologies to enable long-terrh in vitro
expansion of stable, antigen-specific FOXP3" Treg lines. Activation of naive T cells in the
presence of TGF-f elicits the initial differentiation of the FOXP3" lineage, but these Treg
lines lack phenotypic stability and rapidly convert to a Tcon phenotype during in vitro
propagation in IL-2, Thus, there remains a need for improved methods of growing and

maintaining Treg populations.

SUMMARY OF THE INVENTION

The present invention is related to the development of methods for preparing and/or
expanding a regulatory T-cell (Treg) population. Tregs are qualitatively distinguished from
Tcons and non-Tregs in that Tregs constitutively express high levels of CD25 (IL-2 receptor
alpha, IL-2Ra), whereas Tcons and non-Tregs are CD25 or only transiently express an
activation-dependent CD25"e" phenotype. Due to differential expression of CD25, it was
reasoned that anti-CD25 mAbs would only partially block IL-2 signaling in Tregs while
completely blocking IL-2 responses of Tcons, and that the differential inhibition of CD25
would enable the preferential and dominant outgrowth of Tregs during ir vifro cultivation.
TGF-B-induced Treg lines that were maintained in IL-2 in the presence of the anti-CD25
antibody PC61 (non-depleting mAb in vitro) maintained a FOXP3"&" phenotype during
prolonged in vitro propagation (~90% FOXP3" Tregs) whereas parallel cultures lacking PC61
rapidly lost FOXP3 and reverted to a Tcon phenotype. Stable FOXP3"¢" [ines acquired Treg-
associated markers Neuropilin-1 and Helios. These lines also exhibited antigen-specific
activation and expansion in vifro in the presence of TGF-f and antigen without loss of
FOXP3. When activated with myelin oligodendrocyte glycoprotein peptide fragment 35-55
(MOG35-55) and TGF-PB, blastogenic FOXP3" Tregs from MOG35-55-specific 2D2 TCR
transgenic mice suppressed EAE in adoptive transfer assays. A “Treg window,” marked by
low IL-2 concentrations coupled with high PC61 concentrations that restricted IL-2 signaling
pathways, enabled dominant stable outgrowth of suppressive FOXP3"¢" Tregs. The ability to
maintain and expand stable Treg lines will provide insight into FOXP3" Treg physiology and
can enable feasible strategies of Treg-based immunotherapy.

Thus, in an aspect of the present invention, provided is a method of preparing a
regulatory T-cell (Treg) population including: exposing a T-cell population to a medium
including an anti-inflammatory cytokine and an antibody to an anti-inflammatory cytokine

receptor; and expanding the T-cell population, to provide a Treg population.
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In another aspect of the present invention, provided is a Treg population,
compositions including a Treg population, and pharmaceutical formulations including a Treg
population prepared by methods set forth according to the present invention.

In yet another aspect of the invention, provided is a method of treating or modulating
an immunological disorder in a subject in need thereof including administering a therapeutic
amount of a Treg population, compositions including a Treg population, or pharmaceutical
formulations including a Treg population prepared by methods set forth according to the
present invention.

In yet another aspect of the invention, provided is a method of eliciting a tolerogenic
response in a subject in need thereof including the step of administering a therapeutic amount
of a Treg population, or a pharmaceutical formulation including a Treg population prepared
by methods set forth according to the present invention.

In yet another aspect of the invention, provided is a method of maintaining a Treg
population including: exposing a Treg population to a medium including an anti-
inflammatory cytokine and an antibody to an anti-inflammatory cytokine receptor; and
maintaining the Treg population in the medium including an anti-inflammatory cytokine and
an antibody to an anti-inflammatory cytokine receptor.

It is noted that aspects of the invention described with respect to one embodiment,
may be incorporated in a different embodiment although not specifically described relative
thereto. That is, all embodiments and/or features of any embodiment can be combined in any
way and/or combination. Applicant reserves the right to change any originally filed claim
and/or file any new claim accordingly, including the right to be able to amend any originally
filed claim to depend from and/or incorporate any feature of any other claim or claims
although not originally claimed in that manner. These and other objects and/or aspects of the
present invention are explained in detail in the specification set forth below. Further features,
advantages and details of the present invention will be appreciated by those of ordinary skill
in the art from a reading of the figures and the detailed description of the example

embodiments that follow, such description being merely illustrative of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1. Intermediate concentrations of antigen induced higher percentages of
FOXP3" Tregs. 2D2-FIG (panels A-D) or OTII-FIG (panels E-F) SPL were activated at a
density of 2 x 10° cells/ ml ¢cRPMI in the presence of 10 nM TGF-B with the indicated
concentration of MOG35-55 or OVA323-339. After 3 days, VB11" (2D2) or VB5.17 (OT-II)

4
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T cells were analyzed for expression of FOXP3 (panels A, C, E) and CD25 (panels B, D, F).
Numbers at the bottom of each dotplot in (panel A) represent the percentages of FOXP3" T
cells, and the numbers in (panel B) represent the median fluorescence intensity of CD25
expression within the FOXP3"#" (Tcon) and FOXP3 " (Treg) populations. *p < 0.05, **p <
0.01, ***p < 0.001. These data are representative of three independent experiments.

Fig. 2. The anti-CD25 PC61 mAb selectively favored Treg dominance in mixed
Treg/ Tcon cultures. (panels A-D) 2D2-FIG SPL were activated at a density of 2 x 10°
cells/ ml in ¢cRPMI with MOG35-55 (1 uM) in the presence or absence of TGF-p (10 nM)
and/ or designated concentrations of PC61 (10 pg/ ml; 65 nM, unless designated otherwise).
Antigen and TGF-B were present only in the first activation culture and not thereafter. After
3-4 days of activation, cells were passaged at a density of 10% cells/ ml in media containing
rat IL-2 with or without PC61. Cultures initiated with PC61 were continued with PC61
during passage into the same conditions every 2-4 days. (panel A) Cells were analyzed on
days 4, 6, 8, and 13 post-activation for FOXP3 expression by gating on VB11" cells. The
percentage of FOXP3" Tregs compared to total V11" cells is indicated in the bottom right of
each dotplot. The geometric mean fluorescence intensity (gMFI) of GFP expression is
indicated at the top of each gate. (panel B) The initial T cell activation culture did not
include PC61, and T cells were then passaged every 3-4 days in rat IL.-2 and 10 pg/ ml PC6l.
VPB1l-gated T cells were analyzed on day 11 and 17 for expression of CD25 by PE-
conjugated 3C7 or APC-conjugated PC61 anti-CD25 mAb. (panels C and D) The initial
activation culture with (panel C) or without (panel D) TGF-B included concentrations of
PC61 (10 ug/ ml, 1 pg/ ml, 0.1 pg/ ml, or none) that were maintained throughout the course
of the experiment. On days 3, 5, 7, and 9, VB11" T cells were analyzed for FOXP3
| expression and for binding of an APC-conjugated anti-CD25 PC61 mAb. These data are
representative of three independent experiments.

Fig. 3. PC61 allowed for rapid generation of pure Treg lines. 2D2-FIG SPL
(panels A-B, D-E) or OTII-FIG SPL (panel C) were activated at a density of 2 x 10° cells/ ml
in cRPMI with MOG35-55 (1 uM) or 100 nM OVA323-339 respectively with 10 nM TGF-$
in the presence or absence of 10 pg/ ml PC61. Antigen and TGF-B were present only in the
initial 3-day activation culture and not thereafter. (panels A-C) PC61 was (PC61 at
activation) or was not (PC61 after activation) included in the initial 3-day activation culture
but was included in both groups after passage of the cells on day 3. Cells were counted and
then analyzed to determine percentages of viable, VB1 17 (2D2), VB5.1" (OTID), FOXP3" T
cells on the designated days. (panel B) Shown are the 2D2-FIG Treg yields on days 3 and 5.
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(panels D-E) After 3 days of activation with or without PC61, 2D2-FIG T cells were
passaged for 10 days at a density of 10 cells/ ml in rat IL-2 in the presence or absence of 10
ug/ ml PC61. Cells gated as V11" FOXP3" Tregs or FOXP3"#""* Tcons were analyzed for
expression of LAP, GARP, GITR, and PD-1 on day 10 post-activation. MFI Values were
normalized so that values obtained from T cells cultured in the absence of PC61 was equal to
1. These experiments are representative of three independent experiments.

Fig. 4. PC61 enabled the preferential outgrowth of TGF-p-induced iTregs from
2D2-FIG Ragl™ mice. 2D2-FIG Ragl™ mice SPL were activated for 4 days at a density of
2 x 10° cells/ ml in ¢cRPMI with MOG35-55 in the presence or absence of 1 nM TGF-f to
generate Tregs and Tcons, respectively, and were passaged at a density of 5 x 10° cells/ ml
cRPMI with rat IL-2 on day 0 of the rest phase. T cells were then passaged with or without
PC61 (10 pg/ ml) (in the absence of TGF-B and MOG) as designated every 2-4 days. V1 17
T cells were assessed for FOXP3 expression on days 0, 4, 7, and 10 after activation. Shown
are representative dot plots of the percentage of FOXP3" Tregs in the VB11" T cell
population (panel A) and the corresponding averages of triplicate samples (panel B). The bar
graph shows the geometric MFI of FOXP3 expression in the FOXP3" gate. The gMFI was
normalized so that the FOXP3 MFI of Tregs activated in the absence of TGF- was equal to
1. *p < 0.05, **p < 0.01, ***p < 0.001. These experiments are representative of three
independent experiments.

Fig. 5. The PC61 anti-CD25 mAb was a functional antagonist of IL-2 growth at
low concentrations of IL-2 and was superior to the 7D4 and 3C7 anti-CD25 mAbs for
maintenance of Tregs. (panels A-B) A continuously-propagated line of IL-2 dependent
CD4" T cells (SJL-PLP.1 T cells) was used as IL-2 responders in these assays. These T cells
(3,000/ well) were cultured with rat IL-2 and designated concentrations of PC61, 7D4, or 3C7
mADbs (panel A) or were cultured with designated concentrations of purified PC61 and mouse
IL-2 (panel B). Cells were pulsed with [PH]thymidine during the last 24 hrs of a 3-day
culture. (panel C) 2D2-FIG SPL were activated at a density of 2 x 10% cells/ ml cRPMI with
1 uM MOG35-55 in the presence of 10 nM TGF-. After 3 days, cells were passaged at a
density of 10° cells/ ml with IL-2 plus 10 pg/ ml PC61, 7D4, 3C7, or no anti-CD25 mAb.
Cells were passaged every 3-4 days in IL-2 with the same anti-CD25 antibody. VB11T T
cells were analyzed for FOXP3 expression on days 10, 15, and 22. These experiments are

representative of three independent experiments.
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Fig. 6. A permissive ‘Treg window’ that favored dominance of FOXP3" Tregs
was defined by low IL-2 concentrations and high PC61 concentrations. 2D2-FIG T cells
were cultured with 1 uM MOG?35-55 for 4 days in the presence or absence of 10 nM TGF-f3
to establish lines of FOXP3" Tregs and FOXP3™# "¢ Tcons, respectively. T cells were
passaged every 3 or 4 days for a total 16 days in IL-2, and Treg cultures were also
supplemented with 10 pg/ ml PC61 to select and establish high percentages of FOXP3*
Tregs. At the initiation of the experiment, Tregs and Tcons were equally mixed and labelled
with CTV and were cultured for 6 days in designated concentrations of IL-2 (100 pM — 10
nM) in the presence or absence of designated concentrations of PC61. Dotplots in (panel A)
show proliferating (left quadrants) versus non-proliferating (right quadrants) Tregs (top
quadranté) and Tcons (bottom quadrants). Shown are percentages (panel B) and MFI (panel
C) of FOXP3" Tregs in the VB11" population. (panel D) Shown are the percentages of
proliferating FOXP3" Tregs and FOXP3™#""® Tcons in the presence or absence of 1 pM
PC61. (panel E) Normalized proliferation of Tregs and Tcons at designated concentrations of
IL-2 and PC61. This experiment is representative of three independent experiments.

Fig. 7. The anti-CD25 mAb PC61 enabled long-term, stable propagation of
FOXP3" Tregs. 2D2-FIG SPL or FIG SPL were activated with 1 pM MOG35-55 or 2.5 pg/
ml Con-A, respectively, at a density of 2 x 10% SPL/ ml in the presence of 10 nM TGF-f.
After 3 days of activation, cells were passaged at a density of 10% cells/ ml in media
containing rat IL.-2 and 10 pg/ ml PC61. Cells were passaged every 3-4 days in the same
conditions for the indicated durations. In 2D2-FIG cultures, VB11" T cells were analyzed on
the indicated days for FOXP3 expression (panel A), Neuropilin-1 expression (panel C), and
Helios expression (panels E and G). (panel A) and (panel C) represent analyses of lines
established from separate mice. (panels B, D, F) In C57BL/6 (B6)-FIG cultures, CD4" T
cells were purified to remove CD8" T cells. FIG lines were analyzed for FOXP3 expression
(panel B), Neuropilin expression (panel D), and Helios expression (panel F). For (panel E)
and (panel F), Helios expression was measured in the FOXP3" and the FOXPp3neeaive
populations from the same line. These experiments are representative of three independent
experiments.

Fig. 8. TGF-p was required for the maintenance of Treg stability during
secondary Treg activation and expansion. (panels A-C) 100,000 Tregs (rested for 23 days,
93% FOXP3") and 10° irradiated splenic APC were cultured in 200 pl with 1 pM MOG35-55
and IL-2 with or without 10 pug/ ml PC61 and the 1D11 anti-TGF-f mAb (50 pg/ ml) as
designated. Cells were analyzed on days 3 and 6 of activation. (panel A) FOXP3" Treg
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percentages are shown in bottom right corner for the VB11* 2D2 TCR-gated population.
Also shown are the average percentages of FOXP3" Tregs per VP11" T cells (panel B) and
average FOXP3 (GFP) MFI (panel C). Error bars represent standard deviations. *p<0.05,
**p<0.01, **¥*p<0.001. (panel D) Tregs that were rested for 33 days (94% FOXP3™) were re-
activated with irradiated SPL and 1 uM MOG35-55 in the presence of 10 pg/ ml PC61 with
(bottom row) or without (top row) 100 pM TGF-B. Activation cultures contained rat IL-2
with designated densities of Tregs and irradiated splenic APC in 5 ml media as indicated
above each set of dotplots. For example, 20 x 10° irradiated SPL were used to activate 2 x
10° Tregs. Alternatively, 10 x 10% or 5 x 10° APC were used to activate 10° or 5 x 10° Tregs,
respectively, in a 5 ml volume. Cells were analyzed on days 3 and 6 of activation by gating
on VB11" T cells. Percentages of FOXP3™ T cells are shown in the top right corner of each
dotplot. (panels E,F) 250,000 2D2 iTregs were induced by culturing FACS-sorted naive
FOXP3™8%v¢ T cells with 50,000 irradiated bone marrow-derived dendritic cells, 2.5 pg/ ml
Con-A, IL-2, and 1 nM TGF-B. T cells were passaged into IL2 with or without 10 pg/ ml
PC61 on day 3 and were subsequently passaged again on day 6 at a density of 5 x 10° cells/
ml. Cells were counted by Trypan Blue exclusion and analyzed by flow cytometry for
FOXP3 expression on VB11" gated T cells. Cell yields (panel F) were calculated by
multiplying cell counts by the percentage of VP11" FOXP3" T cells on days 3, 6, and 9.
These experiments are representative of three independent experiments.

Fig. 9. Reactivated Tregs upregulated Treg-associated activation markers. To
generated activated Tregs, 100,000 rested Tregs (>90% FOXP3+) and 10° irradiated SPL
were cultured for 2 days with 1 uM MOG35-55, rat IL-2, and 10 pg/ ml PC61. A control
rested Treg line was passaged in IL-2 and PC61. Activated Tregs versus rested FOXP3"
Tregs were gated and analyzed for the indicated markers. Representative overlapping
histograms arc shown in (panel A). Relative MFIs for the indicated markers on gated Tregs
are shown in (panel B). MFI values were normalized so that rested Treg MFI values were
equal to 1. ***p<0.001. These data are representative of three independent experiments.

Fig. 10. A 2D2-FIG, MOG-specific FOXP3" Treg line exhibited in vitro and in
vivo suppressive activities. (panels A, B) To prepare Tregs and a control line, CD45.2 2D2-
FIG FOXP3" Tregs were cultured in PC61 and IL-2 for either 13 days or 40 days, and
 CDA45.2 2D2-FIG Tcons were cultured in IL-2 for 13 days. To test the ability of Tregs to
suppress naive T cell activation, 25,000 CD45.2 2D2-FIG Tregs or 25,000 CD45.2 2D2-FIG
Tcons were co-cultured with 150,000 CTV-stained CD45.1 2D2-FIG SPL responders for 5
days with 1 pM MOG35-55 and IL-2 (200 pl cRPMI). (panel A) CTV dye dilution and
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(panel B) percent suppression of CD45.1-gated responder T cells were analyzed by one-way
ANOVA (n=3). (panels C-G) A continuous line of FOXP3" Tregs was activated with
irradiated splenic APC, 1 uM MOG35-55, IL-2, and 100 pM TGF-B for 3 days. The PC61
mAb was not added to these cultures to avoid adoptive transfer of antibody-coated T cells.
Activated Tregs were cultured one additional day in IL-2 and were analyzed for expression of
CD25 (clone 3C7) (panel C), surface-bound PC61 (anti-rat IgG) (panel D), and CD44 and
CD62L (panel E). Tregs were extensively washed and injected (3 x 10% mouse) into naive
recipients on day -1. Recipients were then challenged with 100 pg MOG35-55 in CFA on
day 0 and were given Pertussis toxin on days 0 and 2 to elicit EAE. Significant differences (p
< 0.05) were noted for the mean daily EAE scores on days 9-13 and 15-21 (panel F) and for
daily weight loss on days 11-20. (panels H,I) EAE was elicited by administering 200 pg
MOG?35-55 in CFA on day 0 and Pertussis toxin on days 0 and 2. At peak disease (day 15,
indicated by black arrow), activated 2D2 Tregs (3 x 105/ mouse) were administered i.v. by
retro-orbital injection. Significant differences (p<0.05) were noted for mean daily EAE
scores on days 18-28 (panel H) and for daily weight loss on days 21-28 (panel I).

Fig. 11. Like the intact PC61 mAb, the monovalent PC61scFv stabilized Treg
lines, 2D2-FIG SPL were activated at a density of 2 x 10° cells/ ml in cRPMI with MOG35-
55 (1uM) in the presence of TGF-B (10 nM). After 3 days of activation, T cells were
cultured (n =2) at a density of 500,000 cells/ ml in IL-2 together with 65 nM PC61scFv, 65
nM PC61 mAb, or vehicle. Cells were passaged under the same conditions every 3-4 days.
(panels A-B) Representative dotplots and timecourse data show FOXP3" Treg percentages in
the VB11" T cell population (values given at the top of each gate). ***p<0.001, **p<0.01,
NS: not significant. (panel C) V11" T cells were analyzed for expression of FOXP3 and the
binding of an APC-conjugated PC61 mAb to surface CD25. These data are representative of

three independent experiments.

DETAILED DESCRIPTION
The present invention is now described more fully hereinafter with reference to the
accompanying drawings, in which embodiments of the invention are shown. This invention
may, however, be embodied in many different forms and should not be construed as limited
to the embodiments set forth herein; rather these embodiments are provided so that this
disclosure will be thorough and complete and will fully convey the scope of the invention to

those skilled in the art.
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The terminology used in the description of the invention herein is for the purpose of
describing particular embodiments only and is not intended to be limiting of the invention.
As used in the description of the invention and the appen/ded claims, the singular forms “a,”
“an” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined
in commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the present application and relevant art and should not be
interpreted in an idealized or overly formal sense unless expressly so defined herein. The
terminology used in the description of the invention herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the invention. All
publications, patent applications, patents and other references mentioned herein are
incorporated by reference in their entirety. In case of a conflict in terminology, the present
specification is controlling.

Also as used herein, “and/or” refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of
combinations when interpreted in the alternative (“or”

Unless the context indicates otherwise, it is specifically intended that the various
features of the invention described herein can be used in any combination. Moreover, the
present invention also contemplates that in some embodiments of the invention, any feature
or combination of features set forth herein can be excluded or omitted. To illustrate, if the
specification states that a complex comprises components A, B and C, it is specifically
intended that any of A, B or C, or a combination thereof, can be omitted and disclaimed.

As used herein, the transitional phrase “consisting essentially of” (and grammatical
variants) is to be interpreted as encompassing the recited materials or s:teps “and those that do
not materially affect the basic and novel characteristic(s)” of the claimed invention. See, In
re Herz, 537 F.2d 549, 551-52, 190 U.S.P.Q. 461, 463 (CCPA 1976) (emphasis in the
original); see also MPEP § 2111.03. Thus, the term “consisting essentially of”” as used herein
should not be interpreted as equivalent to “comprising.”

The term “about,” as used herein when referring to a measurable value such as an
amount or concentration and the like, is meant to encompass variations of + 10%, £ 5%, +

1%, =+ 0.5%, or even £ 0.1% of the specified value as well as the specified value. For
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example, “about X where X is the measurable value, is meant to include X as well as
variations of + 10%, + 5%, + 1%, + 0.5%, or even + 0.1% of X. A range provided herein
for a measureable value may include any other range and/or individual value therein.

It will also be understood that, as used herein, the terms "example," "exemplary," and
grammatical variations thereof are intended to refer to non-limiting examples and/or variant
embodiments discussed herein, and are not intended to indicate preference for one or more
embodiments discussed herein compared to one or more other embodiments.

The term "modulate," "modulates" or "modulation" refers to enhancement (e.g., an
increase) or inhibition (e.g., a reduction) in the specified activity.

As used herein, the terms "increase," "increases," "increased," '"increasing,"
"improve," "enhance," and similar terms indicate an elevation in the specified parameter
and/or activity of at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 150%, 200%, 300%, 400%, 500% or
more.

As used herein, the terms "reduce," "reduces," "reduced," "reduction," "inhibit," and
similar terms refer to a decrease in the specified parameter and/or activity of at least about
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97%, or 100%.

The term "regulate” as used herein refers to the ability to affect a method, process,
state of being, disorder or the like. The effect may be that of prevention, treatment or
modulation.

"Treat," "treating" or "treatment of" (and grammatical variations thereof) as used
herein refer to any type of treatment that imparts a benefit to a subject and may mean that the
severity of the subject’s condition is reduced, at least partially improved or ameliorated
and/or that some alleviation, mitigation or decrease in at least one clinical symptom
associated with a condition (e.g., an immunological and/or metabolic disorder) is achieved
and/or there is a delay in the progression of the at least one clinical symptom. In some
embodiments, the severity of a symptom associated with an immunological and/or metabolic
disorder may be reduced in a subject compared to the severity of the symptom in the absence
of a method of the present invention.

The terms "prevent," "preventing" and "prevention" (and grammatical variations
thereof) refer to avoidance, reduction and/or delay of the onset of a symptom associated with
a condition (e.g., an immunological and/or metabolic disorder) and/or a reduction in the

severity of the onset of symptom associated with a condition (e.g., an immunological and/or
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metabolic disorder) relative to what would occur in the absence of a method of the present
invention. The prevention can be complete, e.g., the total absence of the symptom. The
prevention can also be partial, such that the occurrence of the symptom in the subject and/or
the severity of onset is less than what would occur in the absence of a method of the present
invention. Alternatively stated, the present methods may slow, delay, control, or decrease the
likelihood or probability of the condition in the subject, as compared to that which would
occur in the absence of the measure taken.

A "therapeutically effective" or "effective" amount is intended to designate a dose that
causes a relief of symptoms of a condition (e.g., a disease or disorder) as noted through
clinical testing and evaluation, patient observation, and/or the like. "Effective amount” or
"effective" can further designate a dose that causes a detectable change in biological and/or
chemical activity. The detectable changes may be detected and/or further quantified by one
skilled in the art for the relevant mechanism or process. Moreover, "effective amount" or
"effective" can designate an amount that maintains a desired physiological state, 1.e., reduces
or prevents significant decline and/or promotes improvement in the condition of interest. As
is generally understood in the art, the dosage will vary depending on the administration
routes, symptoms and body weight of the patient but also depending upon the compound
being administered.

"Immune response" generally refers to innate and acquired immune responses
including, but not limited to, both humoral immune responses (mediated by B lymphocytes)
and cellular immune responses (mediated by T lymphocytes). An immune response may be
beneficial and lead to immunity against infectious pathogens, or an immune response may be
pathogenic and lead to autoimmune or hypersensitivity disease. Immune responses against
foreign viruses, bacteria, fungi, parasites typically represent beneficial adaptive immune
responses. Immune responses against self tissues, innocuous foreign objects (e.g., dust mite
or pollen allergens, etc.), or tissue transplants represent examples of adverse maladaptive
immune responses.

The term "antigen" as used herein means a substance or compound that stimulates an
immune response. Although usually a protein or polysaccharide, antigens may be any type of
molecule, which can include small molecules (haptens) that are coupled to a carrier-protein.

By the term "immunogenic" it is meant any substance or compound that stimulates an
immune response.

By the term "tolerogen" it is meant any substance that stimulates immunological

tolerance. By the terms "tolerogenic" or "tolerogenic activity" it is meant that a response of
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immunological tolerance is induced by an antigen or antigenic substance or an activity that
results in the induction of immunological tolerance toward an antigen or antigenic substance.
The term "tolerance" as used herein refers to a decreased level of an immune response, a
delay in the onset or progression of an immune response and/or a reduced risk of the onset or
progression of an immune response. "Specific" immunological tolerance occurs when
immunological tolerance is preferentially invoked against certain antigens in comparison with
others. "Active" immunological tolerance refers to a state in which the tolerance effect(s) are
the result of an ongoing biological process: for example, down-regulation of specific effector
cells by suppressor cells. "Sustained tolerance" is tolerance that measurably persists for an
extended period of time.

The embodiments described herein may include, comprise, consist essentially of or
consist of the Treg populations described herein.

Various populations of Tregs have been described and include natural thymic-derived
CD4" FOXP3"* Tregs and peripheral CD4" FOXP3" Tregs. These subsets, including both
natural thymic Tregs and peripheral Tregs, can suppress immune responses, can play
important roles in immunotherapy of autoimmune diseases, and can provide transplantation
tolerance. These FOXP3"* Treg subsets represent only about 5-10% of the CD4" T cells in the
peripheral blood and are in a hypoproliferative state which has hampered detailed
characterization and the potential use of these cells in a therapeutic setting. It has also been
reported that only about 40-50% of CD4" FOXP3" Tregs T-cells are CD25Me" effector Tregs
in peripheral blood. I vivo application therefore has relied on in vitro expansion protocols to
generate sufficient numbers of CD4" CD25"¢" FOXP3" Tregs for in vivo use. The clinical use
of Tregs is limited by the lack of suitable maintenance and expansion protocols to generate
sufficient numbers for in vivo infusion. Moreover, while activation of naive T-cells in the
presence of TGF-f} can elicit an initial differentiation of Tregs, for example, FOXP3" Tregs,
these Treg lines lack phenotypic stability and rapidly convert to a conventional T-cell (Tcons)
phenotype during in vitro propagation in IL-2.

Accordingly, embodiments of the present invention provide methods of growing or
expanding, propagating and/or maintaining a population of Tregs from a T-cell population. It
will be understood by one of skill in the art that T-cells, i.e., thymus-derived cells that
participate in a variety of cell-mediated immune reactions, may include Tregs, as well Tcons
and non-regulatory T-cells (non-Tregs). The methods of the present invention are based in
part on the discovery that the growth or propagation and maintenance of Tregs under suitable

conditions can be directed and favored over the growth and propagation of Tcons and non-
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Tregs, and that these Tregs can be stably grown or expanded, propagated and/or maintained
in vitro. Methods of the present invention allow for the generation of Tregs in sufficient
numbers and purity for research purposes and for clinical use by infusion in patients. In some
embodiments, a method and/or composition of the present invention may preserve the
phenotype of a Treg population and/or one or more immunosuppressive activities of a Treg
population. In some embodiments, FOXP3 Tregs maintain stability when propagated in a
propagation culture (i.e., rest culture) with low concentrations of an anti-inflammatory
cytokine, for example, IL-2, and high concentrations of an anti-inflammatory cytokine
receptor inhibitor, for example, an anti-CD25 mAb (e.g., PC61).

It will be appreciated by one of skill in the art that sources of T-cells and methods of
isolating particular T-cell populations (e.g., CD4" cells), which can be used to prepare a Treg
population according to the present invention, are well known and described in the literature.
For example, T-cells may be conveniently isolated from the blood, e.g., from a peripheral
mononuclear cell (PMBC) population isolated from blood, or from other blood-derived
preparations such as leukopheresis products or from bone marrow, lymph, thymus, spleen or
umbilical cord. T-cells may be derived from any appropriate source, including human or
animal sources. In some embodiments, T-cells may be obtained and/or derived from a
subject (i.e., source T-cells) to be treated by a Treg population produced and/or derived from
the source T-cells.

Thus, in some embodiments, a method of preparing a Treg population includes
providing T-cells and exposing T-cells to a medium suitable for preferentially favoring
growth and propagation of Tregs over Tcons, and growing, propagating and/or expanding
Tregs from the T-cells to provide a Treg population, or an enriched Treg population, i.e., a T-
cell population having a Treg population that percentagewise is higher than it was prior to
exposure and/or propagation steps. In some embodiments, the Treg population provided
based on a method of the present invention includes at least 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91% 92%, 93%, 94%, 95%, 96%, 97%, 98% and/or
99% Tregs based on the total amount of T-cells present. Without a method of the present
invention, Tregs cultured with IL-2 but without a stabilizing agent can provide Treg
percentages typically less than 30%, 20%, 10%, 7%, 5%, 3%, or 1% of the total T-cell
population.

In some embodiments, the conditions favoring the growth and propagation of Tregs
rely on the differential blocking or inhibition of anti-inflammatory cytokine-dependent

growth of Tcons and Tregs. Although not particularly limited, the blocking or inhibition of
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anti-inflammatory cytokine-dependent growth of Tcons may be accomplished by inhibiting
the interaction between an anti-inflammatory cytokine and an anti-inflammatory cytokine
receptor. This inhibition may be accomplished by, for example, an antibody to the anti-
inflammatory cytokine receptor. In some embodiments, the interaction blocked or inhibited is
an interaction of IL-2 with an IL-2 receptor.

In some embodiments, the differential inhibition of anti-inflammatory cytokine-
dependent growth of Tcons and Tregs may rely on the differential expression of an anti-
inflammatory cytokine receptor between Tcons and Tregs, for example, an anti-inflammatory
cytokine receptor that is expressed constitutively at high levels in Tregs, but is expressed only
transiently at high levels in Tcons. The constitutive expression of IL-2 receptor alpha (CD25)
is considered to be a characteristic feature of Tregs. Thus, in some embodiments, IL-2-
dependent growth of Tcons is blocked or inhibited by inhibiting the interaction of IL-2 with
CD25. Although not necessarily limited thereto, in some embodiments, an inhibitor of the
interaction between an anti-inflammatory cytokine and an anti-inflammatory cytokine
receptor may be an antibody and/or a fragment thereof (e.g., a single chain FV antibody). In
some embodiments, the antibody and/or fragment thereof may be a monoclonal antibody
and/or fragment thereof. For example, the antibody and/or fragment thereof may be an anti-
CD25 antibody and/or a fragment thereof. The particular antibody is not necessarily limited.
Exemplary antibodies include IgA, IgD, IgE, IgG and IgM, and their various subclasses, for
example, IgAl, IgA2, IgG1, 1gG2, IgG3 and IgG4, and/or fragments thereof. The antibody
and/or fragment thereof may have a kappa (x) light chain or a lambda (&) light chain, and
may be from any organism, human or non-human. In some embodiments, the antibody and/or
fragment thereof can be PC61, a rat IgGl, A monoclonal antibody to CD25. In some
embodiments, the antibody and/or fragment thereof can be 7D4, a rat IgM, x monoclonal
antibody. In some embodiments, the Treg stabilizing entity may be an antibody, (e.g., a
monoclonal antibody) or a fragment thereof, or a recombinant protein that binds, inhibits,
regulates, and/or modifies the activity of human CD25 or a component of the IL-2 receptor
signaling complex, including IL-2 receptor-beta (CD122) and/or IL-2 receptor-gamma
(CD132) or other downstream signaling pathways to provide preferential growth of human
Tregs in mixed cultures of Tregs and non-Treg conventional T cells. In some embodiments,
the antibody may have a specificity similar to or overlapping with that of an anti-human
CD25 antibody such as, e.g., Daclizumab, Basiliximab, 7G7B6, 2A3, M-A251, BC96, and/or
other reagents that modify the activity of the human IL-2 signaling complex. In some

embodiments, the inhibitor of the interaction between an anti-inflammatory cytokine and an
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anti-inflammatory cytokine receptor may be a single chain Fv (scFv) fragment (see, e.g., Fig.
11). The antibody and/or fragment thereof may directly or indirectly inhibit the binding the
anti-inflammatory cytokine to its receptor, for example, the binding of IL-2 to CD25. The
antibody and/or fragment thereof may keep IL-2 signaling in the low-zone intensity range.

In some embodiments, an anti-human CD25 monoclonal antibody or fragment thereof
(e.g., an anti-human CD25 single-chain Fv (scFv) recombinant protein) has an amino acid
sequence that is at least 70% (e.g., at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%,
99%, or more) identical to the amino acid sequence for PC61 or a fragment thereof such as,
e.g., an amino acid sequence including the variable heavy domain (e.g., SEQ ID NO:6) and
the variable light domain (e.g., SEQ ID NO:7) of PC61 (e.g., as described in Huss DJ, et al.
Immunology (2016) 148(3):276-86. Epub 2016/03/26. doi: 10.1111/imm.12609. PubMed
PMID: 27012310; PubMed Central PMCID: PMCPMC4913290). An anti-human CD25
monoclonal antibody or fragment thereof may induce and/or stabilize Tregs as described
herein. In some embodiments, an anti-human CD25 monoclonal antibody or fragment
thereof may provide the same or substantially the same (e.g., + 20% or less) degree of Treg
stability as provided by PC61. For example, the anti-human CD25 monoclonal antibody or
fragment thercof may provide an amount of Tregs based on the total amount of T-cells
present in a culture that this the same or substantially the same (e.g., + 20% or less) as the
amount provided by PC61.

In some embodiments, a method of preparing a Treg population may include
activation of T-cells, for example, activation of naive T-cells in the presence of TGF- and/or
IFN-B, to provide an initial differentiation of T-cells to provide a lineage of Tregs in the T-
cell population. In some embodiments, the activated T-cells, including a lineage of Tregs, can
be CD4" T-cells. In some embodiments, the lineage of Tregs includes FOXP3" Tregs that
may constitutively express CD25. Thus, in some embodiments, the lineage of Tregs includes
CD4"CD25"FOXP3" Tregs.

Activation of T-cells may also take place in the presence of an antigen. In some
embodiments, the antigen may be a peptide such as, e.g., a synthetic peptide. Activation of
T-cells in the presence of an antigen can provide a lineage of antigen-specific Tregs. In some
embodiments, the antigen can be MOG35-55. In some embodiments, a mitogen such as, e.g.,
Con-A, or a superantigen such as, e.g., Staphylococcus aureus enterotoxin (SEB), provides
the activating signal in the presence or absence of a specific antigen. The activation of T-cells
may take place in the presence of an anti-inflammatory cytokine receptor inhibitor, such as,

e.g., an antibody to an anti-inflammatory cytokine receptor (e.g., an anti-CD25 monoclonal
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antibody), or the activation of T-cells may take place in the absence of an anti-inflammatory
cytokine receptor inhibitor, prior to exposing and propagating T-cells in the presence of an
anti-inflammatory cytokine and the anti-inflammatory cytokine receptor inhibitor. In some
embodiments, activation of T-cells takes place in the absence of the anti-inflammatory
cytokine receptor inhibitor.

In some embodiments, a Treg population may be maintained in vifro via an
activation-rest cycle whereby an approximate 3-4 day activation culture is followed by a
series of about 3-4 day propagation cultures over the course of about 1-3 weeks. This cycle
can then be repeated such as, e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10 or more times or indefinitely. An
activation culture of the present invention may include a stimulus (e.g., an antigen, mitogen,
and/or superantigen) and antigen presenting cells (e.g., dendritic cells, macrophages, etc). To
maintain Treg stability during activation, the culture may include TGF-$ and/or IFN-B, e.g.,
with 100 pM, 1 nM, 10 nM, or higher concentrations of TGF-$ and/or with 1 nM, 10 nM, 100
nM, or 1 pM, or higher concentrations of IFN-B. In some embodiments, TGF-$ may be
present in a culture of the present invention at a concentration in a range of about 1 pM to
about 10 nM and/or IFN-B may be present in a culture of the present invention at a
concentration in a range of about 1 nM to about 10 uM. In some embodiments, the culture
includes IFN-B and not TGF-B to maintain Treg stability during activation. In some
embodiments, the activation culture may comprise an anti-inflammatory cytokine (e.g., IL-2).
If the activation culture includes IL-2, then an anti-CD25 reagent may be present in the
activation culture to limit IL-2 signaling.

While not wishing to be bound to any one particular theory, conditions under which
anti-inflammatory cytokine-mediated growth of T-cells are favorable for Tregs can be
described as being part of or within a “Treg window.” Differential IL-2 responsiveness
distinguishes Tregs, for example, FOXP3" Tregs from conventional T-cell subsets. As such,
the relative concentrations of an anti-inflammatory cytokine and an anti-inflammatory
cytokine receptor inhibitor may be adjusted to favor dominant survival and expansion of
Tregs and to achieve long-term stable growth of Tregs. Thus, in some embodiments, such
conditions may include the presence of an anti-inflammatory cytokine, for example, IL-2, and
an anti-inflammatory cytokine receptor inhibitor, for example, an anti-CD25 antibody, at
concentrations in which the anti-inflammatory cytokine-mediated T-cell growth, propagation
and/or expansion of Tcons and/or non-Tregs is substantially or completely blocked or
inhibited, whereas growth, propagation and/or expansion of Tregs is only partially blocked,
thus favoring growth of Tregs from the T-cell population.
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The conditions that are part of or within a “Treg window” may be noted by low
concentrations of the anti-inflammatory cytokine in conjunction with high concentrations of
the anti-inflammatory cytokine receptor inhibitor. If the concentration of anti-inflammatory
cytokine is too high, for example, concentrations of IL-2 greater than about 10 nM, inhibitory
actions of the anti-inflammatory cytokine receptor inhibitor on anti-inflammatory cytokine-
dependent T-cell growth, propagation and/or proliferation of Tregs may be overwhelmed and
conventional T cell subsets may instead dominate the culture. Thus, in some embodiments,
the concentration of an anti-inflammatory cytokine, for example, I1.-2, may be in a range of
about 1 pM to about 100 pM, about 100 pM to about 10 nM, about 100 pM to about 3.2 nM,
about 100 pM to about 320 pM, about 320 pM to about 10 nM, or about 320 pM to about 3.2
nM. The concentration of an anti-inflammatory cytokine receptor inhibitor, for example, an
anti-CD25 antibody such as, e.g., PC61, may be up to about 1 uM, up to about 100 nM or up
to about 10 nM.

The Treg population grown and provided under the conditions of the present
invention can also be stably maintained over a period of time. Following activation of T-cells
to provide Tregs, such as FOXP3" Tregs, T-cell populations passaged over a period of time in
the presence of an anti-inflammatory cytokine, such as IL-2, will exhibit a decrease in the
percentage of Tregs in the T-cell population during subsequent propagation. Thus, in some
embodiments of the invention, exposing and growing the T-cells in the presence of an anti-
inflammatory cytokine, such as, e.g., IL-2, and in the presence of an anti-inflammatory
cytokine receptor inhibitor, such as a human anti-CD25 antibody under the conditions such as
those set forth herein, can result in preferential outgrowth of Tregs, resulting in a T-cell
population having at least 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91% 92%, 93%, 94%, 95%, 96%, 97%, 98% and/or 99% Tregs based on the total
amount of T-cells present.

In some embodiments, T-cells, such as, activated T-cells, may be exposed to or
passaged into a medium including an anti-inflammatory cytokine, such as IL-2 and an
inhibitor, such as, e.g., an antibody to an anti-inflammatory cytokine receptor, for example,
an anti-human CD25 monoclonal antibody with an epitope specificity parallel to that of the
anti-murine CD25 monoclonal antibody PC61. The concentrations of the anti-inflammatory
cytokine receptor inhibitor for growing and propagating the T-cells that result in an
enrichment of Tregs to provide a Treg population, will be dependent upon the inhibitor. For
example, concentrations of an anti-inflammatory cytokine receptor (e.g., anti-CD25) in the

medium may be about 1 pg/ml to about 32 pg/ml. In some embodiments, the concentration
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of an anti-inflammatory cytokine receptor (e.g., anti-CD25) may be about 1 pg/ml, about 10
pg/ml or about 32 pg/ml. The concentration of anti-inflammatory cytokine, such as IL-2, in
the medium, may be about 0.1% to about 1.0% (v/v) or about 1 unit/ ml to about 10, 20, 30,
40, 50, 60, 70, 80, 90, or 100 units per ml. In some embodiments, the concentration of the
anti-inflammatory cytokine may be about 0.1% or about 1.0% (v/v). It should be noted that in
some embodiments, these concentrations are presented as a dilution (v/v) of an expression
media from a recombinant baculovirus/Sf9 insect cell culture that is being used as an
abundant source of IL-2.

Thus, according to some embodiments of the invention, a Treg population can be
grown or propagated from activated T-cells in media comprising low concentrations of an
anti-inflammatory cytokine, such as IL-2, and high concentrations of an anti-inflammatory
cytokine receptor inhibitor, such as, e.g., monoclonal anti-CD25 antibody with an epitope
specificity parallel to that of the PC61 antibody as set forth hereinabove, without additional
physical purification. The growth or propagation and maintenance of the Treg population, for
example a T-cell population comprising 90% or more Tregs, under these conditions may be
indefinite, or for example, at least about 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26 or more days, weeks, or months or, for example, at least about
any number of days between 14-105 days, for example, 14 days, 15 days, 20 days, 25 days,
30 days, 35 days, 40 days, 45 days, 50 days, 55 days, 60 days, 65 days or 68 days, 70 days,
75 days, 80 days, 85 days, 90 days, 95 days, 100 days, 105 days or more. In some
embodiments, the phenotype of the Treg population and/or one or more immunosuppressive
activities of the Treg population may be preserved during the growth or propagation and
maintenance of the Treg population (e.g., indefinitely, or 2, 6, 8, 10, 12, 14, 16, 18, 20 22,‘24,
26 or more days, weeks, or months).

According to some embodiments of the present invention, a method of the present
invention may comprise co-culturing T-cells (e.g., CD4" CD45RA" purified naive T-cells)
with antigen presenting cells (e.g., dendritic cells, macrophages, etc.) in the presence of a
stimulus (e.g., an antigen, mitogen, and/or superantigen) for about 2-8 or 3-7 days (e.g., about
2,3,4,5,6,7, 8 days) to induce and expand a Treg population. In some embodiments, CD4"
CD45RA" purified naive T-cells may be co-cultured with autologous immature monocyte-
derived dendritic cells in the presence of an antigen and TGF-$ and/or IFN-f, optionally with
other supplements such as, e.g., Vitamin C, for about 3-7 days to induce and expand antigen-
specific FOXP3" CD25" Tregs. Then, the T-cells may be rested in media containing an anti-

inflammatory cytokine (e.g., IL.-2) and an anti-inflammatory cytokine receptor inhibitor (e.g.,
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an anti-CD25 monoclonal antibody, scFv, or other agent that limits IL-2 signaling) to
generate high percentages of antigen-specific Tregs ("resting step”). These antigen-specific
Tregs may be propagated every about 3 or 4 days for about 1-2 weeks or more in media
containing an anti-inflammatory cytokine (e.g., IL-2) and an anti-inflammatory cytokine
receptor inhibitor (e.g., anti-CD25 agent) ("propagation step"). The Tregs may then be re-
activated by co-culturing with antigen presenting cells (e.g., autologous monocyte-derived
DCs), stimulus (e.g., antigen), and TGF-B and/or IFN-B, optionally with growth supplements
(e.g., Vitamin C), in the presence of an anti-inflammatory cytokine (e.g., IL-2) and an anti-
inflammatory cytokine receptor inhibitor (e.g., anti-CD25 agent) for about 3-4 days ("re-
activation step"). The resting, propagation, and re-activation steps may be repeated 1 or more
times (e.g., 2, 3, 4, or more times), which may generate high numbers of pure, antigen-
specific Tregs (e.g., high numbers of pure, antigen-specific FOXP3" CD25" Tregs) that may
be suitable for adoptive immunotherapy

Embodiments of the present invention provide methods of treating or modulating an
immunological and/or metabolic disorder including administering to a subject an effective
amount of a Treg population, a composition comprising a Treg population, and/or a
pharmaceutical formulation comprising a Treg population prepared as set forth herein. A
composition and/or formulation of the present invention may be "pharmaceutically
acceptable”. "Pharmaceutically acceptable” as used herein means that the composition and/or
formulation is suitable for administration to a subject without unduly deleterious side effects
in light of the severity of the condition and necessity of the treatment.

In some embodiments, a composition and/or method of the present invention may be
used in an adoptive immunotherapy method and/or treatment. For example, a Treg
population, formulation, and/or composition of the present invention may be infused into a
patient.

According to embodiments of the present invention, exemplary immunological
disorders include, but are not limited to, autoimmune diseases, allergic or hypersensitivity
diseases, transplant rejection, chronic inflammatory and/or tissue disorders.

Autoimmune diseases include, but are not limited to, those affecting the following
organ systems. Nervous system: Acute disseminated encephalomyelitis (demyelinating
inflammation following vaccination or infection); Myasthenia Gravis (anti-AchR antibodies,
blockade of neuromuscular junction); Multiple sclerosis (inflammation of CNS myelin);
Acute inflammatory demyelinating polyneuropathy/ Guillain-Barre syndrome (inflammation

of peripheral myelin); Endocrine system: Hashimoto's Thyroiditis (anti-thyroid antibodies,
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hypothyroidism); Grave's Disease (auto-antibodies stimulate TSH receptors on thyroid
follicular cells, hyperthyroidism); Insulin-Dependent Diabetes Mellitus (i.e. juvenile diabetes,
inflammation and deletion of B islet cells); Autoimmune adrenal insufficiency (e.g. Addison’s
disease, inflammation coupled with progressive scarring and atrophy of adrenal glands);
Autoimmune oophoritis (inflammation of ovaries, infertility); Autoimmune orchitis
(inflammation of testis); Hematopoietic system: Autoimmune hemolytic anemia (anti-
erythrocyte antibodies); Paroxysmal cold hemoglobinuria (mediated by IgM cold agglutinins
against erythrocytes); Idiopathic thrombocytopenic purpura (anti-platelet antibodies,
bleeding); Autoimmune neutropenia (antibodies against neutrophils cause degranulation,
neutrophil depletion, and vasculitis); Pernicious anemia (progressive destruction of gastric
fundic gland, loss of intrinsic factor, and malabsorption of vitamin Bj,); Autoimmune
coagulopathy (circulating anti-coagulants, anti-phospholipid antibody syndrome, neutralizes
phospholipids necessary for clotting activity); Gastrointestinal Tract: Primary biliary cirrhosis
(intrahepatic bile duct and portal inflammation leading to fibrosis and cirrhosis);
Inflammatory bowel disease (Crohn’s disease, ulcerative colitis); Kidney: Glomerulonephritis
(antibody against glomerular basement membrane); Immune complex glomerular nephritis
(accumulation of deposited immune complexes in basement membrane); Skin: Pemphigus
vulgaris (loss of adhesion between epidermal cells, blistering, antibody against stratified
squamous epithelium); Systemic autoimmune disease: Systemic Lupus Erythematosus
(arthralgias, rash, nephritis, anti-nuclear antibodies); Rheumatoid Arthﬁtis (inflammatory
polyarticular arthritis, rheumatoid factor); Sjogren’s syndrome (inflammation of lacrymal and
parotid glands with arthritis); Polymyositis (inflammation of skeletal muscle);
Dermatomyositis (inflammation of skin and skeletal muscle); Scleroderma (progressive
systemic sclerosis, sclerosis of skin and internal organs); and Cardiac and vascular diseases:
Autoimmune myocarditis (inflammation of cardiac muscle); Immune complex-mediated
vasculitis (passive deposition of immune complexes in vessel walls followed by C-mediated
lysis and inflammation); Polyarteritis nodosa (type of necrotizing vasculitis that follows
certain types of infections). In some embodiments of the present invention, the autoimmune
disease is an autoimmune disease affecting the nervous system, endocrine system,
hematopoietic system, gastrointestinal tract, renal system, cardiac system, vascular system,
musculoskeletal system or a combination thereof. In some embodiments, the autoimmune
disease is a systemic autoimmune disease. In some embodiments, the autoimmune disease is

multiple sclerosis.
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Allergic or hypersensitivity diseases include, but are not limited to, allergic rhinitis,
asthma, atopic dermatitis, allergic gastroenteropathy, contact dermatitis, drug allergy or a
combination thereof. In some embodiments, the present invention provides active agents,
compositions and methods to induce antigen-specific immunological tolerance to allergens
responsible for the allergic diseases described herein.

Transplant rejection and tissue disorders include, but are not limited to, those
affecting the kidney, liver, pancreas, heart, lung, bone, skin and combinations thereof. In
some embodiments, the present invention provides compositions and methods to induce
antigen-specific immunological tolerance to allogeneic and/or xenogeneic transplantation
antigens that may contribute to the rejection of tissue transplants, and thus, facilitate
acceptance of kidney transplants, liver transplants, pancreas transplants, skin grafts, heart
transplants, and heart-lung transplant. The active agents and methods may also alleviate
complications of bone marrow transplantation (i.e., graft versus host disease).

Exemplary metabolic disorders include, but are not limited to metabolic syndrome,
diabetes (e.g., Type 1 diabetes and type II diabetes), obesity, cardiovascular disease including
arteriosclerosis and atherosclerosis, and other inflammation-associated disorders associated
with dysregulation of the body’s energy storage systems and/or metabolism.

It is contemplated that diseases and/or disorders treated by the methods of this
invention can include any disease or disorder that can be treated by mounting an effective
tolerogenic response by the Treg population or any discase that can be treated by a
composition comprising a Treg population and/or a pharmaceutical formulation comprising a
Treg population prepared as set forth herein. Accordingly, embodiments of the present
invention provide methods of modulating an immune response in a subject including
administering a Treg population to the subject in an amount sufficient to elicit a tolerogenic
response. In some embodiments, the immune response is antigen-specific. In some
embodiments, the administering step is carried out in vivo or ex vivo. In some embodiments,
the tolerogenic response is an active tolerance mechanism. In some embodiments, the
tolerogenic response is a sustained tolerogenic response.

It is also contemplated that the Treg population, compositions comprising the Treg
population, and/or pharmaceutical formulations comprising the Treg population of this
invention can be used as a vaccine and/or prophylactic composition and employed in methods
of preventing a disease or disorder in a subject, comprising administering to the subject an
effective amount of the active agent (e.g., a Treg population) of this invention. The vaccine

can be administered to a subject who is identified to be at risk of contracting a particular
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disease or developing a particular disorder and in whom the ability to elicit an immune
response to an antigen may be impaired. Identification of a subject at risk can include, for
example, cvaluation of such factors as family history, genetic predisposition, age,
environmental exposure, occupation, lifestyle and the like, as are well known in the art.
Having now described the invention, the same will be illustrated with reference to
certain examples, which are included herein for illustration purposes only, and which are not

intended to be limiting of the invention.

EXAMPLES
Example 1:

FOXP3" regulatory T cells (Tregs) represent a promising platform for effective
adoptive immunotherapy of chronic inflammatory disease, including autoimmune diseases
such as Multiple Sclerosis. Successful Treg immunotherapy however requires new
technologies to enable long-term expansion of stable, antigen-specific FOXP3" Tregs in cell
culture. Antigen-specific activation of naive T cells in the presence of TGF-f elicits the
initial differentiation of the FOXP3™ lineage, but these Treg lines lack phenotypic stability
and rapidly transition to a conventional T cell (Tcon) phenotype during in vitro propagation.
Because Tregs and Tcons differentially express CD25, we hypothesized that anti-CD25
monoclonal antibodies (mAbs) would only partially block IL-2 signaling in CD25"¢"
FOXP3" Tregs while completely blocking IL-2 responses of CD25"%imemede Teang 1o
enable preferential outgrowth of Tregs during in vitro propagation. Indeed, murine TGF-f-
induced MOG-specific Treg lines from 2D2 transgenic mice that were maintained in IL-2
with the anti-CD25 PC61 mAb rapidly acquired and indefinitely maintained a FOXp3hieh
phenotype during long-term in vitro propagation (>90% FOXP3" Tregs) whereas parallel
cultures lacking PC61 rapidly lost FOXP3. These results pertained to TGF-B-inducible
‘iTregs’ because Tregs from 2D2-FIG Rag! " mice, which lack thymic or natural Tregs, were
stabilized by continuous culture in IL-2 and PC61. MOG-specific and polyclonal Tregs up-
regulated the Treg-associated markers Neuropilin-1 (NRP1) and Helios (IKZF2). Just as
PC61 stabilized FOXP3" Tregs during expansion in IL-2, TGF-p fully stabilized FOXP3"
Tregs during cellular activation in the presence of dendritic cells and antigen/ mitogen.
Adoptive transfer of blastogenic CD25"e" FOXP3" Tregs from MOG35-55-specific 2D2
TCR transgenic mice suppressed experimental autoimmune encephalomyelitis (EAE) in
pretreatment and therapeutic protocols. In conclusion, low IL-2 concentrations coupled with

high PC61 concentrations constrained IL-2 signaling to a low-intensity range that enabled
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dominant stable outgrowth of suppressive CD25"e" FOXP3* Tregs. The ability to
indefinitely expand stable Treg lines will provide insight into FOXP3" Treg physiology and

will be foundational for Treg-based immunotherapy.
Materials and Methods:

Mice. .

C57BL/6 mice, MOG35-55 specific TCR transgenic 2D2 mice (B6-
Tg(Tcra2D2,Terb2D2)1Kuch/T) (Stock Number 006912), OVA323-339 specific TCR
transgenic OT-II mice (Stock Number 004194), B6.129S7-Ragl miMom/y (Stock Number
002216), and Foxp3-IRES-GFP knock-in (FIG) mice (B6.Cg-Foxp3™ /], Stock Number
006772) were obtained from Jackson Laboratory (Bar Harbor, ME) and were maintained as a
colony in the Department of Comparative Medicine. In the 2D2-FIG and OTII-FIG strains,
the FIG GFP reporter was used as a surrogate marker of FOXP3 expression. Routine
screening of 2D2 mice was performed by FACS analysis of PBMC by use of antibodies
specific for TCR VP11 and/ or Va3.2. Routine screening of OT-II mice was performed by
FACS analysis of PBMC by use of antibodies specific for TCR Vf5.1/5.2 and Va2. The FIG
genotype was screened by use of forward (SEQ ID NO:1; CAC CTA TGC CAC CCT TAT
CC) and reverse (SEQ ID NO:2; ATT GTG GGT CAA GGG GAA G) primers. Animal care
and use was performed in accordance with approved animal use protocols and guidelines of

the East Carolina University Institutional Animal Care and Use Committee.

MOG35-55, 0VA323-339, TGF-B, and IL-2,

Synthetic MOG35-55 (SEQ ID NO:3; MEVGWYRSPFSRVVHLYRNGK) and
OVA323-339 (SEQ ID NO:4; ISQAVHAAHAEINEAGR) peptides were obtained from
Genscript (Piscataway, NJ). Recombinant rat TGFB1 was expressed by use of transfected
human embryonic kidney (HEK) cells. TGFB1 was expressed as described (Zou Z, Sun PD.
Protein Expr Purif (2004) 37(2):265-72. doi: 10.1016/j.pep.2003.06.001. PubMed PMID:
15358346; and Wang D, et al. J Immunol (2016) 197:2992-3007. Epub 2016/09/14. doi:
10.4049/jimmunol.1500411. PubMed PMID: 27619998).This expression vector encoded a rat
serum albumin leader sequence, an 8-histidine purification tag, the latency-associated peptide
(LAP), the native RHRR cleavage site, and the C-terminal TGF-B1 sequence. A C328
substitution in the LAP domain enabled high level expression. The protein was expressed in

HEK supernatants, purified on Ni-NTA affinity columns, and was activated by 10 minutes of
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exposure to 70°C. The bioactivity of each TGF-B1 preparation was verified by induction of
FOXP3 in cultures of MOG-stimulated 2D2-FIG splenocytes (SPL). Recombinant rat IL-2
(~10-30 Units/ ml) was derived from a baculovirus expression system and was used routinely
in bulk T cell culture (Mannie MD, et al. Immunol Cell Biol (2003) 81(1):8-19. Epub
2003/01/22. doi: 10.1046/j.1440-1711.2003.01131.x. PubMed PMID: 12534941).

Recombinant murine IL-2 was purified from a stable transfected HEK293F cell line.

Generation, purification, and administration of mAbs and PC61scFv.

The PC61-5.3 anti-CD25 rat IgG1(A) hybridoma (Setiady YY, et al. Eur J Immunol
(2010) 40(3):780-6. doi: 10.1002/¢ji.200939613. PubMed PMID: 20039297), the 7D4 anti-
CD25 rat IgM(x) hybridoma, and the 1D11,16.8 anti-mouse-TGF-$1/2/3 mouse IgGl
hybridoma (Dasch JR, et al. J Immunol (1989) 142(5):1536-41. PubMed PMID: 2537357,
and Liu VC, et al. J Immunol (2007) 178(5):2883-92. PubMed PMID: 17312132) were
obtained from ATCC. The 3C7 anti-CD25 rat IgG2b(k) hybridoma was a generous gift from
Dr. Ethan Shevach (NIH). All hybridomas were subcloned twice to ensure stability.
Hybridoma supernatants were clarified at 7,200 x g, precipitated with 50% ammonium
sulfate, and dissolved in PBS. MAbs were purified on protein G agarose columns, eluted
with 200 mM glycine at pH 3.0, and neutralized by 1M Tris buffer of pH 9.0. The purity of
these mAb was verified by SDS-PAGE. Specific activities of PC61 preparations were
measured by staining of murine CD25" T cells with serial % log dilutions of the mAb. After
washing, PC61-stained T cells were labeled with a PE-conjugated goat anti-rat IgG(H+L)
secondary antibodies followed by flow cytometric analysis.

The PC61scFv gene encoded (from N-terminus to C-terminus) the rat serum albumin
signal peptide, a polyhistidine affinity purification tag, the PC61 variable light chain domain,
a (Glycine,Serine)4 linker, and the PC61 variable heavy chain domain. The PC61 VL and
VH domain sequences were described previously (Huss DJ, et al. Immunology (2016)
148(3):276-86. Epub 2016/03/26. doi: 10.1111/imm.12609. PubMed PMID: 27012310;
PubMed Central PMCID: PMCPMC4913290). The sequence was as follows: M-A-K-W-V-
T-F-L-L-L-L-F-I-S-G-S-A-F-S-H-H-H-H-H-H-H-H-H-(Variable light chain domain)-G-G-
G-G-S-G-G-G-G-S-G-G-G-G-S-G-G-G-G-S-(Variable heavy chain domain)-A-K-G-G-G-S-
E-G-G-G-S-E-G-G-G-S-G (SEQ ID NO:5). The PC61scFv gene sequence was cloned into
the pIRES AcGFP1 expression vector (Clontech) and used to stably transfect HEK293F cells.
PC61scFv was purified using a column loaded with Ni-NTA resin, and purity was measured

using SDS-PAGE. PC61scFv specificity and activity was validated by inhibition of IL-2-
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dependent proliferation of an II.-2-dependent cell line.

Flow cytometric analyses of SPL and PBMC.

Cells were washed in HBSS with 2% heat-inactivated FBS and stained for 1 hr at 4°C
in the dark with designated cocktails of fluorochrome-conjugated antibodies, including those
specific for VP11 (KT11), VB5.1 (MR9-4), CD25 (PC61), CD25 (3C7), LAP (TW7-16B4),
GARP (F011-5), GITR (DTA-1), PD-1 (29F-1A12), Nrpl (3E12), Helios (22F6), CD69
(H1.2F3), ICOS (C398.4A), CTLA4 (UC10-4B9), TIGIT (1G9), CD44 (IM7), CD62L
(MEL-14), CD45.1 (A20), and goat anti-rat [gG. Cells were then washed 3 times with
HBSS/ 2% FBS. Data were collected by use of a Becton-Dickinson L.SRII flow cytometer

(San Jose, CA) and analyzed by use of FlowJo software.

Generation and maintenance of Treg lines.

Naive SPL were harvested from 2D2-FIG mice, 2D2-FIG—Rag]'/' mice, OTII-FIG
mice, or FIG mice. These SPL were activated at a density of 2 x 10% ml in complete RPMI
(cRPMI; 10% heat-inactivated fetal bovine serum, 2 mM glutamine, 100 pg/ ml
streptomycin, 100 U/ ml penicillin, 50 uM 2-ME) for 3-4 days with 1 uM MOG35-55, 100
nM OVA323-339, or 2.5 ng/ ml Con-A, as indicated. Naive FOXP3™! T cells were isolated
from 2D2-FIG SPL by FACS to support the in vitro generation of TGF-p-induced iTregs and
thereby exclude the contribution of thymic/ natural tTregs/ nTregs in designated experiments.
After the initial activation, T cells were passaged every 3-4 days in rat IL-2 and were
periodically reactivated every 2-4 weeks by reactivation with specific antigen or mitogen in a
3-4 day culture with irradiated splenic APC to drive cellular activation and expand T cell
numbers. The initial activation also included 10 nM TGF-B to elicit Treg differentiation, but
TGF-B was not added during the subsequent maintenance passages of the line in rat IL-2.
PC61 or a designated anti-CD25 antibody (10 pg/ ml; 65 nM) was included in the activation
and/ or maintenance cultures as designated. Cells were propagated every 3-4 days in
maintenance cultures containing ¢cRPMI and rat IL-2 along with 10 pg/ ml PC61 (or
designated anti-CD25 antibody). For polyclonal Treg lines derived from FIG mice, CD4"
cells were purified 10 days post-activation using magnetic bead positive selection (Miltenyi
Biotec). Unless otherwise noted, subsequent re-activation of Tregs consisted of co-culturing
irradiated SPL (2 x 10% ml) and 2D2-FIG Tregs (2 x 10%/ ml) in the presence of 1 pM
MOG35-55, TGF-B (as designated), and rat [L.-2 with or without PC61 as designated. After 3
days, activated Tregs were passaged into cRPMI containing rat IL-2 and 10 pg/ ml PC61.
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In vitro suppression assay.

CD45.2 2D2-FIG Tregs were cultured in PC61 and IL-2 for either 13 days or 40 days,
and a control line of CD45.2 2D2-FIG Tcons were cultured in IL-2 for 13 days. These Treg
and control lines were used to test the ability of Tregs to suppress naive 2D2-FIG T cell
activation. CTV-stained CD45.1 2D2-FIG SPL (150,000/ well) were used as responders.
CTV-labeled responders were cultured with CD45.2 2D2-FIG Tregs or with CD45.2 2D2-
FIG Tcons (25,000/ well) in the presence or absence of 1 pM MOG35-55 and rat IL-2. After
5 days of culture, proliferation of CD45.1 2D2 T cells was analyzed by measuring CTV

dilution.

Induction and assessment of EAE.

CFA (Incomplete Freund’s Adjuvant plus 4 mg/ ml heat-killed Mycobacterium
tuberculosis H37Ra, BD Biosciences, Franklin Lakes, NJ) was mixed 1:1 with MOG35-55 in
phosphate-buffered saline. The CFA/ antigen mixture was emulsified by sonication. EAE
was elicited in B6 mice by injection of 100 ug or 200 pg MOG35-55 in a total volume of 100
ul emulsion via three subcutaneous injections of 33 ul across the upper back. Each mouse
received separate injections (200 nanograms i.p.) of Pertussis toxin on days 0 and 2. All
immunizations were performed under isoflurane anesthesia (Abbott Laboratories, Chicago,
IL). Mice were assessed daily for clinical score and body weight. The following scale was
used to score the clinical signs of EAE: 0, no disease; 0.5, partial paralysis of tail without
ataxia; 1.0, flaccid paralysis of tail or ataxia but not both; 2.0, flaccid paralysis of tail with
ataxia or impaired righting reflex; 3.0, partial hind limb paralysis marked by inability to walk
upright but with ambulatory rhythm in both legs; 3.5, same as above but with full paralysis
of one leg; 4.0, full hindlimb paralysis; 5.0, total hindlimb paralysis with forelimb
involvement or moribund. A score of 5.0 was a humane endpoint for euthanasia.

The incidence of EAE reflected the number of mice afflicted with EAE compared to
the total group size. Cumulative EAE scores were calculated by summing daily scores for
each mouse across the time course of disease. Maximal scores were calculated as the most
severe EAE score for each mouse. Mice that did not exhibit EAE had a score of zero for the
cumulative and maximal scores, and these scores were included in the group average. Mice
that exhibited humane endpoints as assessed by body weight loss, body score, or clinical
score of 5.0 were subjected to humane euthanasia and were omitted from scoring thereafter.
Time-course graphs portrayed daily mean maximal scores. To calculate percent maximal

weight loss, 100% body weight was assigned as the maximal body weight obtained from day
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1 through day 10, and daily body weights were calculated for each day after normalization to
this 100% value. The minimum body weight was defined as the lowest body weight after
normalization to the 100% value during the span of day 11 until the end of the experiment.
Maximal weight loss was calculated by subtraction of the normalized minimum value from
the 100% value. Average weight loss was calculated as the average of daily body weight
measurements from day 11 until the end of the experiment, subtracted from the 100%

maximal body weight.

Statistical Analysis

To determine statistical significance, comparisons among three or more groups were
analyzed by use of ANOVA, and comparisons between two groups were analyzed by a
Student ¢ test. A P value <0.05 was considered significant. For EAE mean clinical scores
and percent initial body weight, error bars represent standard error of the mean (SEM). For

all other data, error bars represent standard deviation (SD).

The concept of a Treg window.

To optimize antigen-dependent induction of Tregs, designated concentrations of
MOG35-55 were used to activate 2D2-FIG SPL in the presence of 10 nM TGF-B (Fig. 1).
2D2-FIG T cells are specific for MOG35-55 and have an IRES-GFP reporter knock-in
immediately downstream of the FOXP3 gene. The CD4" T cell compartment of 2D2-FIG
mice typically contained < 1% FOXP3"™ T cells at steady-state. After 3 days, 320 nM or 1
uM MOG35-55 elicited percentages of F OXP3" Tregs (54% and 60% respectively) that were
significantly higher than the 40% Tregs induced by the higher concentrations of 3.2 uM and
10 uM MOG35-55 (Fig. 1, panels A and C). Thus, the antigen-dependent induction of
FOXP3 resembled a bell-shaped curve. MOG-induced FOXP3 expression was entirely
dependent upon TGF-B (Wang D, et al. J Immunol (2016) 197:2992-3007. Epub 2016/09/14.
doi: 10.4049/jimmunol.1500411. PubMed PMID: 27619998). The antigen-dependent
expression of CD25 was at least two-fold higher on Tregs than on Tcons, and this difference
was maximal at intermediate antigen concentrations of MOG35-55 (320 nM — 3.2 uM) (Fig.
1, panels B and D). Similar patterns were noted regarding the concentration dependence of
OVA323-339 for CD25 expression on OVA-specific OTII-FIG T cells in the presence of
TGF-p (Fig. 1, panels E-F). A lower range of OVA323-339 concentrations was optimal
because OT-II T cells have more antigenic potent responsiveness than 2D2 T cells. These

data confirm the hypothesis that activated 2D2 and OT-II Tregs exhibit superior CD25
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expression compared to Tcon subsets.

To realize the goal of achieving long-term stable growth of FOXP3" Tregs, we
reasoned that an anti-CD25 mAb would differentially block the IL-2 dependent growth and
survival of Treg and Tcon subsets. High levels of CD25 were postulated to confer partial
resistance to anti-CD25 mAbs among Tregs while completely blocking IL-2 dependent
responses of Tcons. Based on this concept, we hypothesized that a ‘Treg window’ could be
operationally defined by adjusting the relative concentrations of IL-2 and anti-CD25 mAb

that would favor dominant survival and expansion of Tregs.

The anti-CD25 PC61 mAb stabilized short-term Treg cultures.

To test whether an anti-CD25 antibody could be used to enrich Treg lines, 2D2-FIG
SPL were activated with MOG35-55 (Fig. 2, panel A, top row), MOG35-55 and TGF- ("
row), or MOG35-55, TGF-f, and the anti-CD25 antibody PC61 (3" row) for 3 days and then
passaged into IL-2 containing media (without antigen or TGF-B) in the absence (rows 1-2) or
presence (row 3) of PC61. In cultures of TGF-B-induced FOXP3" Tregs (2™ row), Treg
percentages gradually waned during subsequent propagation in IL-2 from a frequency of 47%
at day 4 to 19% by day 13. Treg percentage values are given in the bottom right of each
panel. In TGF-B-induced cultures that were continuously supplemented with 10 pg/ ml (65
nM) of PC61 (bottom row), Treg differentiation was inhibited by PC61 during the initial 3-
day activation culture. However, during the subsequent culture with PC61 and IL-2, the Treg
frequency increased from 12% on day 4 to 86% by day 13. The elevated Treg frequencies
were associated with stronger GFP" " fluorescence which is a correlate of FOXP3
expression (values given at top of each panel). These data indicated that PC61 enabled the
selective enrichment of Tregs during propagation in IL-2 over 13 days of culture. Cultures
seeded in the absence of TGF-J were used as a reference to gauge the GFP" window. These
data revealed that CD25 was important for the initial induction of Tregs, because PC61
inhibited FOXP3 differentiation in the initial 3-day activation. Conversely, partial blockade
of the IL-2/ CD25 signaling pathway had the opposite activity in the IL-2 propagation
cultures, because PC61 was needed to maintain FOXP3" Tregs during culture in IL-2.
Overall, these data showed that PC61, when used to supplement IL-2 expansion cultures,
selected FOXP3" Tregs as the dominant lineage.

PC61 lacked cytotoxic activity in vitro, although whether PC61 neutralized or down-
modulated CD25 was uncertain. To assess this issue, 2D2-FIG SPL were activated for 3 days
with 1 pM MOG?35-55 and 10 nM TGF- and then were passaged every 3-4 days in IL-2 and
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10 pug/ ml PC61 (Fig. 2, panel B). Again, antigen and TGF-$ were not included in the IL-2
expansion phase of these experiments. Analyses on days 11 and 17 revealed that the line was
almost entirely comprised of FOXP3" Tregs (> 90%). A PE-conjugated 3C7 anti-CD25
mAb, which recognizes a site on CD25 distinct from the PC61 epitope, revealed high levels
of CD25 on these Tregs despite the continuous culture in PC61 and the saturation of CD25
with PC61 (Fig. 2, panel B, bottom images). Conversely, an APC-conjugated PC61 did not
bind CD25 because PC61-specific epitopes on CD25 were saturated with unlabeled PC61
mADb that had bound CD25 during the culture phase (Fig. 2, panel B, top images). These data
indicate that PC61 facilitates Treg selection, at least in part, by functional neutralization of
CD2S5 in vitro.

An important question was whether Treg enrichment required PC61-mediated
saturation of CD25 (Fig. 2, panel C). To assess this question, 2D2-FIG T cells were activated
for 3 days with MOG35-55 and TGF-B in the presence or absence of designated PC61
concentrations. As noted before, high concentrations of PC61 inhibited Treg induction when
assessed on day 3. The T cells were then passaged into IL-2 on day 3 with the same PC61
concentrations but without antigen or TGF-B. On days 5 through 9, concentrations of 1 and
10 pg/ ml PC61 nearly saturated CD25 as determined by a lack of surface labeling by an
APC-conjugated PC61 mAb (y-axis), because pre-existing PC61-CD25 complexes prevented
the binding of APC-conjugated PC61. These PC61 concentrations (1 and 10 pg/ ml)
respectively facilitated Treg enrichment to frequencies of 45% and 74%. PC61 dose
dependently augmented GFP MFI (mean fluorescence intensity; 4 digit number on the right
of right-most column) on day 9 and thereby supported the hypothesis that PC61 preferentially
selected mature Tregs. In the presence of 0.1 pg/ ml PC61 or in control cultures without
PC61, Tregs and Tcons expressed high levels of free CD25, and Treg frequencies were sparse
at approximately 20% throughout the 9 days of culture. Importantly, PC61 by itself did not
induce FOXP3, as T cells activated without TGF-B and cultured in the presence of PC61 did
not result in Tregs (Fig. 2, panel D). These data indicate that TGF-B-induced Tregs
continuously required saturating PC61 concentrations during propagation in IL-2 to engender
high percentages of Tregs.

Although PC61 stabilized Tregs in IL-2 maintenance cultures, inclusion of PC61 in
the initial 3-day activation culture appeared to delay Treg induction. To assess this issue,
PC61 was or was not included in the initial 3-day activation culture together with 2D2-FIG
SPL, MOG35-55, and TGF-B (Fig. 3, panel A), and then PC61 was included in the IL-2
maintenance cultures of both groups through day 9. Regardless of whether PC61 was added
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on day 0 (PC61 at activation) or day 3 (PC61 after activation), PC61 facilitated the
emergence of highly enriched FOXP3" Tregs by day 9. However, introduction of PC61 after
the initial activation culture was advantageous because this regimen resulted in the
accelerated enrichment of Tregs as noted by differences at days 3-5 (Fig. 3, panel A) and
increased Treg yields at day 5 (Fig. 3, panel B). Treg yield on day 5 post-activation was
more than 7-fold higher in the “PC61 after activation” group compared to “PC61 at
activation” group. Cultures that lacked PC61 in both phases of culture (No PC61) resulted in
a dramatic reduction in Treg percentages but similar cell yields compared to the “PC61 after
activation” group. Interestingly, PC61 was necessary at activation and during propagation to
- generate highly pure, stable OT-II Treg lines (Fig. 3, panel C). This phenomenon is most
likely due to the high responsiveness of OT-II T cells to their cognate antigen (OVA323-
339). That is, PC61-mediated inhibition was needed earlier in the activation cascade due to
the higher antigen reactivity of OT-II T cells. Thus, the requirement for the anti-CD25 mAb
during the initial culture for OTII-FIG T cells may reflect the antigenic potency of the
cognate antigen. Nevertheless, 2D2 and OT-II FOXP3" enriched lines were obtained without
physical purification or any genetic modification by the end of the experiment. These
findings indicated that the presence of PC61 during the IL-2 expansion phase was important
for achieving high Treg percentages in stable FOXP3" Treg lines.

To assess whether PC61 affected expression of selected Treg markers, 2D2-FIG SPL
were subjected to a 3-day activation with MOG35-55 and TGF-f (Fig. 3, panels D, E). The T
cells were then passaged every 3-4 days in IL-2 for an additional 10 days in the presence or
absence of PC61, whereby the lines were almost exclusively small, rested T cells. Gated
Treg and Tcon subsets were analyzed separately. PC61-cultivated Tregs differed from
control (no PC61) cultures via higher Treg expression of FOXP3, LAP, GARP, GITR, and
PD-1. These data revealed that PC61-maintained Tregs had markers consistent with the Treg
lineage and expressed significantly higher levels of these markers compared to Tregs
cultivated in the absence of PC61, signifying the ability of PC61 to select mature Tregs.

An important question was whether iTregs that were induced de novo during
activation in the presence of TGF-B were stabilized by PC61, because iTregs may be
important starting material for derivation of antigen-specific Tregs. Previous experiments
however were initiated with total 2D2-FIG SPL, which may include pre-existing thymically-
derived tTregs that may contribute or dominate growth in the presence of PC61. In 2D2-FIG
mice, pre-existing Tregs typically comprise less than 1% of CD4" T cells, with a frequency

range of approximately 0.2-1.5% pre-existing FOXP3" Tregs. To assess this issue, Tregs

31



WO 2018/106885 PCT/US2017/065055

were induced with MOG and TGF-B from 2D2-FIG Ragl " mice, which lack tTregs (Fig. 4).
2D2-FIG Ragl”™ Tregs were cultured in the presence of IL-2 with or without PC61. Tregs
cultured in the presence of PC61 showed a stable, high percentage of Tregs (>75%); whereas,
Tregs cultured in the absence of PC61 showed a diminishing Treg percentage throughout the
duration of the experiment (Fig. 4, panels A, B). The FOXP3 gMFI of Tregs cultured in the
" presence of PC61 was significantly higher than the gMFI of Tregs cultured in the absence of
PC61 (Fig. 4, panel C). These data provide evidence that PC61 stabilizes outgrowth TGF-f3-

induced iTregs.

PC61 was the anti-CD25 mAb of choice for blockade of IL-2 signaling and selection of
Tregs.

Because anti-CD25 mAbs differ in epitope specificity and inhibitory mechanism,
three anti-CD25 mAb were screened for inhibitory efficacy in assays of IL-2 dependent T cell
growth. The PC61 mAb (rat [gG1, A) was more suppressive than the 7D4 mAb (rat IgM, x)
whereas the 3C7 mAb (rat IgG2b, «) lacked inhibitory activity at this concentration of IL-2
(Fig. 5, panel A). PC61 may have superior efficacy because PC61 and I1.-2 bind distinct sites
on the CD25 IL-2Ro, and PC61 facilitates the dissociation of IL-2, but not vice versa
(Lowenthal JW, et al. J Immunol (1985) 135(6):3988-94. PubMed PMID: 3934270).
Although PC61 is routinely used‘for depletion of Tregs in vivo (Setiady YY, et al. Eur J
Immunol (2010) 40(3):780-6. doi: 10.1002/€ji.200939613. PubMed PMID: 20039297), the
PC61 mAb had no cytolytic or depleting activity in vitro, as shown previously in Fig. 2.
PC61 mediates Treg depletion in vivo via FcyR-mediated clearance (Setiady YY, et al. Eur J
Immunol (2010) 40(3):780-6. doi: 10.1002/€ji.200939613. PubMed PMID: 20039297), but
this mechanism was not operational in T cell cultures.

As shown in Fig. 5, panel B, PC61 and IL-2 exhibited functional competition in
cultures of a transformed Tcon line that expressed a CD25"¢" phenotype and potent IL-2
responsiveness. High concentrations of PC61 (up to 1 pM) inhibited IL-2 responses in the
presence of limiting IL-2 concentrations (< 10 nM) as shown by right-shifted IL-2
concentration-response curves. In contrast, high concentrations of IL-2 (= 10 nM)
overwhelmed the inhibitory action of all tested concentrations of PC61. High concentrations
of IL-2 may signal through lower affinity IL2RB-y complexes and thereby may drive IL-2
dependent growth independent of CD25. Overall, these data indicate that PC61 effectively
inhibited IL-2 responses, but only within a range of relatively low IL-2 concentrations.

Based on its superior IL-2 inhibitory activity (Fig. 5, panel A), PC61 was more
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efficient than the anti-CD25 mAb 7D4 and 3C7 for maintenance of Treg cultures (Fig. 5,
panel C). Due to the superior inhibitory efficacy and superior Treg selectivity, the anti-CD25
PC61 mADb was used for the remainder of the study.

PC61 enabled the dominant outgrowth of Tregs in mixed Treg/ Tcon cultures.

The concept of a Treg window was tested with mixed 2D2 (MOG-specific) lines of
FOXP3" and FOXP3™ T cells (Fig. 6). These T cells were propagated in IL-2 for 16 days
before use in this assay, so that Tregs represented nearly 96% of the T cells in the FOXP3"
line. Equal numbers of Tcons and Tregs were labeled with CellTrace Violet (CTV) and were
cultured for 6 days with designated concentrations of IL-2 and PC61. This analysis
distinguished proliferative subsets (left quadrants) from non-proliferative subsets (right
quadrants) as well as Tregs (upper quadrants) from Tcons (lower quadrants) (Fig. 6, panel A).
Shown are two relatively low IL-2 concentrations (100 pM and 316 pM) in which
proliferative and non-proliferative Tregs were dominant (exhibited higher percentages)
compared to Tcons when cultured with 1 pM PC61. At 100 pM IL-2 and either 1 uM PC61
or ‘no PC61°, 78% or 45% of T cells (sum of upper two quadrants) were Tregs, respectively.
At 316 pM IL-2, proliferative Tregs exhibited higher frequencies than proliferative Tcons in
the presence but not absence of 10 nM, 100 nM, and 1 pM PC61. At high IL-2
concentrations (e.g. 10 nM), Tcons were dominant and showed overgrowth regardless of
PC61 concentration. The concentration-dependent ability of PC61 to promote Treg
dominance in low IL-2 concentrations (Fig. 6, panel B) correlated with preservation of high
GFP fluorescence (Fig. 6, panel C), which is an indirect measure of FOXP3 expression on a
per cell basis. Tregs were dominant within a 10-fold range of IL-2 concentrations (320 pM —
3.2 nM, Fig. 6, panel D) in the presence of 1 uM PC61 whereas Tcons were dominant at the
same IL-2 concentrations in the absence of PC61. Although PC61 exhibited concentration-
dependent inhibition of IL-2 dependent Treg growth, PC61 was a more potent inhibitor of
Tcon growth at limiting IL-2 concentrations, such that differential growth and survival
favored persistence of Tregs over Tcons (Fig. 6, panel E). Overall, these data reveal a “Treg
window’ defined by ranges of IL-2 and PC61 concentrations that enabled dominant survival

and outgrowth of FOXP3" Tregs.

The anti-CD25 PC61 antibody enabled maintenance of long-term lines of FOXP3"
Tregs.

Given that PC61 was instrumental in selecting enriched FOXP3" Treg lines over a 2-3
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week timespan (Fig. 2), a question was whether PC61 also allowed maintenance of highly
enriched Treg lines over the course of months. To assess this question, 2D2-FIG SPL were
activated with MOG35-55 and TGF-p in a 3-day activation in the absence of PC61 and were
then passaged every 3-4 days in IL-2 with 10 ug/ ml PC61 (Fig. 7, panel A). Over the course
of 68 days, the line was analyzed for percentages of FOXP3" Tregs. Tregs represented over °
90% of the cells by day 15 and persisted at these levels throughout the duration of the culture
without showing any signs of attenuation. Equivalent lines propagated in IL-2 but in the
absence of PC61 showed progressive loss and extinction of FOXP3" Tregs across 2-4 weeks
of propagation in IL-2 (e.g., Fig. 2).

FOXP3" Treg lines from naive, clonotypically-diverse FIG SPL could also be derived
by addition of PC61 to IL-2 expansion cultures (Fig. 7, panel B). Naive FIG SPL were
activated for 3 days with Con-A and TGF-f and then were propagated in IL-2 in the presence
of PC61. CD4" T cells were purified to remove CD8" T cells in polyclonal FIG SPL cultures
to prevent CD8" T cell overgrowth of the line, but CD4" T cell purification was not necessary
for 2D2-FIG Tregs given that 2D2-FIG mice largely lacked CD8" T cells. Over the course of
105 days, cultures became progressively enriched with polyclonal FOXP3" Treg cells until
over 90% of the line was comprised of FOXP3" Tregs. In subsequent polyclonal FIG Treg
lines, CD4 purification was performed on day 4 post-activation as opposed to day 10. This
earlier intervention allowed for the generation of Treg lines consisting of >90% Tregs by day
10 (not shown). Culture of Treg lines in IL-2 expansion cultures with PC61 resulted in a
slow and steady expansion of cell numbers. These findings reveal the generalized
applicability of PC61-mediated Treg selection in mice. The implication is that Treg lines can
be generated and maintained indefinitely in the presence of PC61. We have generated at least
15 different 2D2-FIG Treg lines, 5 different OT-II Treg lines, and 4 different polyclonal Treg
lines and carried them for more than 50 days with Treg percentages greater than 85% of the T
cell population. Overall, these lines showed no loss of Treg percentages and no decrement in
GFP fluorescence (i.e., FOXP3 expression) over the entire culture duration.

These long-term lines expressed Neuropilin-1 and Helios, which have been associated
with the FOXP3" Treg phenotype (Fig. 7, panels C-G). Neuropilin-1 was expressed on both
2D2-FIG Tregs (Fig. 7, panel C) and polyclonal Tregs (Fig. 7, panel D). Neuropilin-1
exhibited progressive increases in MFI as a function of time such that Neuropilin-1
expression was positively correlated with the longevity of culture. Given that Helios is a
transcription factor implicated in Treg function, we also analyzed 2D2-FIG Tregs on day 60

of culture (Fig. 7, panel E) and polyclonal Tregs on day 66 of culture (Fig. 7, panel F) for
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expression of Helios. 2D2-FIG Tregs and polyclonal Tregs both expressed Helios whereas
Tcons lacked detectable expression. Like Neuropilin-1, Helios expression levels correlated
with the duration of culture (Fig. 7, panel G). These findings provided evidence that
expression of both Neuropilin-1 and Helios were amplified by continuous, low-intensity IL-2

signaling in continuity with Treg lineage commitment.

Re-activation and expansion of FOXP3" Treg lines.

We assumed that re-activation of FOXP3" Treg lines would be needed for Treg-
mediated suppressive activity in adoptive transfer experiments. The issue was whether
FOXP3" Tregs could undergo secondary activation in vitro without loss of FOXP3 and the
Treg phenotype. Like the primary activation, we hypothesized that re-activation of
established Treg lines would be contingent on TGF-B. To assess this issue, a 2D2-FIG line
(> 90% FOXP3" Tregs) that had been cultured for 23 days in IL-2 and PC61 was reactivated
for 3 or 6 days with irradiated splenic APC and MOG35-55 in the presence of IL-2 with or
without PC61 and the neutralizing anti-TGF-f 1D11 mAb (Fig. 8, panel A-C). The presence
of PC61 during secondary activation stabilized Treg percentages at approximately 90% (Fig.
8, panel A top row; Fig. 8, panel B). The presence of PC61 also stabilized FOXP3
expression, as reflected by GFP MFI (Fig. 8, panel C). Notably, 1D11-mediated
neutralization of TGF-p resulted in a loss of FOXP3" Treg percentages to less than 50% and a
decrement in FOXP3 expression on a per cell basis, as reflected by the GFP MFI (Fig. 8,
panel A middle row; Fig. 8, panel C). These data indicate that FOXP3 expression during
antigen-driven cellular activation was maintained by TGF-f produced by cells in the culture.

These data provided evidence that exogenous TGF-f§ might augment Treg stability in
subsequent re-activation cultures. To assess this issue, designated cell densities were used at
a constant 10:1 APC: Treg ratio at 4 x 10°> Tregs/ ml, 2 x 10° Tregs/ ml, or 10° Tregs/ ml (Fig.
8, panel D and Table 1). In the absence of exogenous TGF-B, T cells underwent activation
and expansion at each density (Table 1), but Treg percentages declined, particularly at higher
cell densities. Most likely, high T cell densities caused a more robust activation and perhaps
enhanced the production of pro-inflammatory cytokines (i.e., IL-23 or GM-CSF) that might
antagonize the action of TGF-B. Notably, the presence of exogenous TGF-B prevented
decrement of Treg frequencies and stabilized the Treg phenotype regardless of the cell
density. Based on cell counts, high initial cell densities in the presence of TGF-B enabled the
most robust expansion of Tregs by day 3 of activation (Table 1). These data indicate that

optimal Treg expansion requires the presence of exogenous TGF-f during secondary
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activation. This observation is key to strategies for expansion of continuous F OXP3" Treg

lines.

Table 1: Tregs exhibit stable expansion in the presence of exogenous TGF-B, IL-2, and

PCol.
APC: Tre 6 6 FOXP3'
Group® | # (x 105 Olgl Cell # (x 10°) | Treg# (x 10°) Treg yield Treg
day 0 on day 3 on day 3 percentages
20: 2 9.58 3.40 1.7 35
No TGF-f 10: 1 3.33 1.44 1.4 42
5:0.5 2.20 1.48 3.0 66
20: 2 13.36 13.13 6.6 98
TGF-B 10: 1 5.26 5.18 5.2 98
5:0.5 2.16 2.13 4.3 99

7T cells were rested for 33 days and were 94% FOXP3" Tregs at the initiation of the
experiment. T cells were activated with irradiated SPL, 1 uM MOG35-55, rat IL-2, and 10
pg/ ml PC61 and in the presence or absence of 100 pM TGF-B. Cultures were setup in 5 ml
media containing designated numbers of Tregs and irradiated SPL (column 2).

b Cells were analyzed on day 3 of activation by gating on VB11 and FOXP3 (GFP). Absolute
cell counts (trypan blue exclusion), VB11" T cell percentages, and FOXP3" Treg percentages
were used to calculate Treg numbers. Treg yield was calculated by dividing the Treg cell
count on day 3 by the starting Treg count (2 x 10%, 1 x 10%, or 0.5 x 10%) on day 0. These data
are representative of three independent experiments.

To quantitate Treg expansion, an established, long-term 2D2-FIG Treg line was
activated for 3 days with irradiated bone marrow-derived dendritic cells, 2.5 pg/ ml Con-A, 1
nM TGF-B, and IL-2 (Fig. 8, panels E, F). T cells were then passaged on days 3 and 6 at a
density of 5 x 10° cells/ ml cRPMI containing rat IL-2 with or without PC61. Viable cells
were enumerated (Trypan Blue dye exclusion) and analyzed for V11 and FOXP3 expression
to calculate expansion of viable FOXP3" Tregs. During the antigenic activation (days 0-3),
Tregs expanded ~7-fold while retaining high FOXP3 expression in nearly 100% of the
population. Tregs expanded another ~4-fold from days 3-6 for a net 26-28 fold expansion
since day 0 (Fig. 8, panel F). Importantly, there was no difference in the expansion rates
between Tregs cultured in the presence or absence of PC61 immediately following antigenic
activation, such that CD25"€" Tregs were resistant to PC61 antagonism. From days 6-9,
Tregs reverted to a quiescent resting phase and did not expand in numbers either with or
without PC61. The percentage of FOXP3" Tregs in each culture remained >98% through the
6 days of IL-2 propagation regardless of the presence or absence of PC61. Overall, in long-

term cultures of resting quiescent Tregs (i.e., weeks to months without activation), cell
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numbers were static or modestly expanded (1-2 fold) over the course of a week. These data
provide evidence that 2D2 Tregs can undergo an approximate 26-fold expansion over the
course of 9 days following a 3-day cellular activation and 6 days of rest. This activation-rest
strategy is based on the classical method for derivation of T cell lines and is also sufficient
for expansion of stable FOXP3" Treg lines.

Although PC61 was deleterious in the initial activation culture (Fig. 2, panel A), PC61
was beneficial in the secondary re-activation cultures (Fig. 8). However, this difference
reflected a difference of strategy regarding the initial selection of the line versus the
subsequent re-activation and expansion of the line. That is, exogenous IL-2 was not added to
primary activations to reinforce antigen specificity of the initial activation, whereas
optimization experiments showed that the inclusion of exogenous IL-2 in secondary re-
activation promoted expansion of the established clonotypic line. Basically, PC61 preserved
the FOXP3 phenotype whenever exogenous IL-2 was added to the culture because
unmitigated IL-2 signaling resulted in Tcon dominance and overgrowth/ destabilization of the
Treg line. Thus, PC61 was beneficial in secondary re-activation cultures because these

cultures were supplemented with exogenous IL-2.

Cultured Tregs exhibited in vitro and in vivo suppressive activities.

Phenotypic analysis of activated Tregs revealed the activation-dependent upregulation
of functional Treg markers including LAP, CTLA4, GARP, and TIGIT (Fig. 9). These data
reveal that TGF-B-conditioned activation of Tregs upregulates several markers associated
with suppressive Treg function. To determine if continuously-propagated FOXP3" Tregs
have suppressive capabilities, 2D2 Tregs were assayed for in vitro and in vivo suppressive
activity. To assess in vitro suppressive activity, CD45.2 2D2 Tregs were cultured for either
40 days or 13 days in IL-2 and PC61 whereas a control CD45.2 2D2 Tcon line was derived
by propagation in IL-2 alone for 13 days. These Treg and control lines were then cultured
with CTV-stained naive responders from CD45.1 2D2 splenic leukocytes in the presence of
MOG and IL-2 (Fig. 10, panel A). CTV dilution was measured in the CD45.1" responders
after 5 days as a measure of T cell proliferation. Suppressive activity was based on the
percentages of hypo-proliferative CD45.1 2D2 T cells (Fig. 10, panel B). Responder 2D2 T
cell proliferation was significantly inhibited by the presence of 2D2 Tregs when compared to
cultures containing the 2D2 Tcon line. There was no difference in suppressive activities of
Tregs rested for 40 days or 13 days. These data provide evidence that Treg function is

maintained when Tregs are continuously cultured with IL-2 and PC61.
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A central question was whether these Tregs, representing the 2D2 MOG35-55-
specific clonotype, exhibited suppressive activity in adoptive transfer experiments. To
address this question, a continuous line of FOXP3" Tregs was activated with irradiated
splenic APC, 1 uM MOG35-55, IL-2, and 100 pM TGF-p for 3 days but without PC61 mAb
to avoid coating the T cells with a rat IgG1 mAb that had depleting activity in vivo. Cell
surface PC61 remained high in the immediate aftermath of the activation culture, and thus the
Tregs were cultured overnight in IL-2 to remove more cell-surface CD25/ PC61 complexes.
Phenotypic analysis of Tregs on the day of transfer showed that 93% were FOXP3* CD25"e"
Tregs (Fig. 10, panel C). Most of the transferred Tregs had no or low detectable levels of
PC61 on the cell surface as determined by staining with anti-rat IgG secondary antibody (Fig.
10, panel D). 65% of Tregs were CD44""CD62L"E" whereas 33% of Tregs were CD44Men
CD62L'Y (Fig. 10, panel E). One day after adoptive transfer, mice were actively challenged
to elicit EAE. The adoptive transfer of Tregs ameliorated severity of clinical paralysis and
EAE-associated loss of body weight (Fig. 10, panels F and G). Recipients of Tregs (n = 6)
differed from control mice (n = 5) in mean cumulative scores (12.2 + 4.0 versus 26.8 £4.6; p
=0.0198), mean maximal scores (2.0 £ 0.7 versus 3.6 = 0.2; p = 0.0343), mean maximal
weight loss (12.5% = 4.4% versus 28.7% + 1.1%; p = 0.00475), and mean average weight
loss (5.7% % 3.3% versus 21.5% + 2.4%; p = 0.00249). Mice that received Tregs had
significantly lower mean daily clinical EAE scores on days 9-13 and 15-21 and significantly
less weight loss on days 11-20 as assessed by the Student ¢ test. These data provided
evidence that PC61 enables the selection of immunosuppressive FOXP3" CD25"¢" Tregs that
when appropriately activated have the ability to inhibit EAE in adoptive transfer experiments.

To address the Treg adoptive immunotherapy in a relevant pre-clinical model,
adoptive transfer of activated FOXP3" Tregs was performed in mice that were exhibiting
severe paralytic EAE (Fig. 10, panels H, I). Mice were actively challenged with MOG35-55
in CFA to induce EAE on day 0 and then were separated into two groups that were matched
for EAE severity and weight loss on day 15. Blastogenic FOXP3" Tregs were previously
prepared by activation for 3 days with irradiated bone marrow-derived dendritic cells, Con-A,
MOG35-55, IL-2, Vitamin C, and TGF-B. These activation cultures were supplemented with
Vitamin C due to the emerging awareness that the vitamin acts to promote functionality and
stability to effector Tregs (Sasidharan Nair V, et al. J Immunol (2016) 196(5):2119-31. doi:
10.4049/jimmunol.1502352. PubMed PMID: 26826239; Yue X, et al. J Exp Med (2016)
213(3):377-97. doi: 10.1084/jem.20151438. PubMed PMID: 26903244; PubMed Central
PMCID: PMC4813667; Kasahara H, et al. Int Immunol (2017). Epub 2017/11/11. doi:
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10.1093/intimm/dxx060. PubMed PMID: 29126272; Nikolouli E, et al. Front Immunol
(2017) 8:748. Epub 2017/07/14. doi: 10.3389/fimmu.2017.00748. PubMed PMID: 28702031,
PubMed Central PMCID: PMCPMC5487376; Someya K, et al. Int Immunol (2017)
29(8):365-75. Epub 2017/10/20. doi: 10.1093/intimm/dxx049. PubMed PMID: 29048538).
Approximately 97% of cells expressed high levels of FOXP3, and these blastogenic Tregs
had low to no detectable PC61. Adoptive transfer of these Tregs significantly alleviated
severity of EAE based on a decrease in mean clinical score and an increase in body weight.
When analyzed from days 20-28, mice that received Tregs (n = 4) differed from control mice
(n = 5) in mean cumulative scores (13.3 # 3.3 versus 28.4 + 1.7, p = 0.003), mean maximal
scores (2.1 = 0.5 versus 3.8 + 0.2; p = 0.0035), mean maximal weight loss (19.7% + 0.9%
versus 27.3% + 2.2%; p = 0.0103), and mean average weight loss (12.7% = 0.9% versus
22.8% + 1.7%; p = 0.00102). The transfer of Tregs significantly alleviated the severity of
EAE based on a decrease in mean daily clinical scores from days 18-28 and an increase in
body weight from days 22-28. These data provided evidence that blastogenic 2D2 Tregs can

mitigate EAE when administered in a therapeutic treatment regimen.

Like the bivalent PC61 mAb, a monovalent PC61scFv promoted the dominant
outgrowth of FOXP3" Tregs in mixed cultures.

We derived an expression system for a single-chain fragment variable (scFv) version
of PC61 to assess whether a monovalent non-signaling version of PC61 retained Treg-
stabilizing ability. This PC61scFv protein has the same binding specificity as PC61 (anti-
CD25). However, unlike the intact PC61 mAb, PC61scFv was monovalent and therefore
lacked cross-linking activity necessary for signaling. The PC61scFv also lacked constant
region heavy chain domains and therefore lacked interactions with complement and FeyR.
The PC61scFv is believed to have qualitative advantages over intact PC61 in regard to tissue
penetrance and absence of in vivo depleting activity. We tested the ability of this monomeric
PC61scFv to stabilize Tregs in short-term cultures in comparison to the PC61 mAb (Fig. 11).
2D2-FIG Tregs were activated with MOG35-55 in the presence of TGF-B for 3 days before
being passaged into media containing IL-2 along with 65 nM PC61scFv, 65 nM PC61 mAb,
or vehicle. Cells were passaged under the same conditions every 3-4 days. The presence of
PC61scFv resulted in high Treg percentages (85% on day 14) indicating that PC61scFv
mimicked the effect of PC61 mAb in vitro (Fig. 11, panels A and B). PC61scFv was slightly
less efficient compared to the intact PC61 mAb, although this minor difference most likely

was due to the lower affinity associated with monovalent binding, in contrast to the bivalent
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interactions of intact PC61 with CD25. The specificity of PC61scFv was confirmed by the
ability of surface-bound PC61scFv to block the binding of a fluorochrome-conjugated PC61
mAb (Fig. 11, panel C). These data indicate that PC61 mediates Treg stabilization via CD25

neutralization rather than CD25 crosslinking.

Discussion

Stable growth of autoreactive, TGF-B-induced FOXP3" Tregs represents a critical
prerequisite for effective Treg adoptive immunotherapies of autoimmunity and chronic
inflammatory disease. However, the lack of viable strategies to maintain and expand
functional CD25"8" FOXP3* Tregs in sustained culture has severely limited progress.
Solutions to this problem represent a critical unmet need. The main issue is that FOXP3
expression in some Tregs wanes on a per cell basis over time, and otherwise stable FOXIP3+
Tregs are overgrown by conventional T cells when cultured in IL-2, such that the cultured T
cell population may acquire immune effector functions rather than suppressive regulation
activity. This study provides a solution to this problem. Addition of the anti-mouse CD25
antibody PC61 to a mixed culture of TGF-B-induced Tregs and Tcons in the presence of IL-2
led to the rapid establishment of cultures dominated by Tregs (>90% Tregs). This approach
did not depend upon genetic modification or physical purification. These Treg lines
indefinitely sustained a Treg lineage phenotype when maintained with low concentrations of
I1-2 and high concentrations of PC61 in continuous culture. The Tregs derived in this study
actively expanded and remained stable in the presence of PC61 and TGF-B in antigen-
induced reactivation cultures, such that blastogenic Tregs expressed the prototypic Treg

markers together with suppressive activity in vitro and in vivo.

Elevated CD25 expression on mature Tregs provides an exploitable Treg window.
Previous studies showed that the potent IL.-2 responsiveness of Tregs can be used to
selectively promote Treg responses. For example, low-dose IL-2 therapies for Type 1
Diabetes selectively expanded existing Treg populations which could suppress islet cell
destruction (Bluestone JA, et al. Sci Transl Med (2015) 7(315):315ral89. doi:
10.1126/scitranslmed.aad4134. PubMed PMID: 26606968; PubMed Central PMCID:
PMC4729454). Additionally, anti-IL-2 mAb/ IL.-2 immune complexes may target IL-2 to
different T cell subsets depending on the epitope specificity of the anti-IL-2 mAb in the
complex (Boyman O, et al. Science (2006) 311(5769):1924-7. doi: 10.1126/science.1122927.
PubMed PMID: 16484453; Letourneau S, et al. Proc Natl Acad Sci USA (2010) 107(5):2171-
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6. doi: 10.1073/pnas.0909384107. PubMed PMID: 20133862; PubMed Central PMCID:
PMC2836659; and Spangler JB, et al. Immunity (2015) 42(5):815-25. doi:
10.1016/.immuni.2015.04.015. PubMed PMID: 25992858; PubMed Central PMCID:
PMC4439582). The JES6-1 anti-II.-2 mAb/ IL-2 immune complex appeared to target IL-2 to
Tregs to favor Treg expansion. Conversely, the S4B6 anti-IL-2 mAb/ IL-2 complex
favorably expanded effector T cells by blocking the interaction between IL-2 and CD25.
Advantages of targeting I1.-2 versus CD25 have yet to be directly compared although
targeting CD25, the Treg-specific component of the IL-2 receptor, may have qualitative
advantages given the wide variations in endogenous IL-2 concentrations that may exist
during chronic inflammatory autoimmune disease. Blockade of CD25 may constrain IL-2
signaling across a broad I1.-2 concentration range, with an upper threshold defined by those
levels of IL-2 sufficient for CD25-independent IL2RBy signaling. That is, even with widely
varying concentrations of IL-2 and cell surface CD25, mAb-mediated blockade of CD25 may
provide a reliable clamp to ensure low-zone IL-2 signaling to promote dominant Treg
responses.

The IL-2 concentration was instrumental in determining T cell subset dominance (Fig.
6, panels A and D).. Low-intensity and high-intensity IL.-2 signaling respectively supported
Treg or Tcon subset dominance. The relation between low-zone IL-2 signaling and Treg
responses reflected superior CD25 expression and exquisite IL-2 sensitivity of Tregs. The
relation between high-zone IL-2 signaling and Tcon subset dominance may reflect
differences in the respective IL-2 signaling pathways. IL-2 signaling in Tregs is mediated
primarily through the JAK/ STAT pathway whereas IL-2 signaling in Tcon subsets is
mediated robustly through both JAK/ STAT and PI(3)K pathways. PTEN, the PI(3)K
inhibitor, is selectively expressed in Tregs and is important in stabilizing the Treg phenotype
(Huynh A, et al. Nat Immunol (2015) 16(2):188-96. doi: 10.1038/ni.3077. PubMed PMID:
25559257; PubMed Central PMCID: PMC4297515) whereas PTEN is down-regulated in
Tcon subsets (Bensinger SJ, et al. J Immunol (2004) 172(9):5287-96. PubMed PMID:
15100267; PubMed Central PMCID: PMC2842445). Thus, IL-2 has superior potency for
Tregs due to higher CD25 expression, which confers Treg dominance at low IL-2
concentrations. In contrast, IL-2 has superior efficacy for Tcons due to robust signaling
through both JAK/ STAT and PI(3)K pathways, which confers Tcon dominance at high IL.-2
concentrations. Thus, differential expression of CD25 and PI(3)K signaling pathways
provide qualitative distinctions in IL-2 signaling pathways that are foundational for the

specialized Treg and Tcon niches.
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Chronic CD25 blockade was the key to exploitation of the Treg window and
stabilization of FOXP3" Tregs. However, anti-CD25 mAbs varied substantially in Treg
stabilization activity. The mAb of choice for stabilization of mouse Tregs was PC61, which
was a stronger inhibitor of IL-2-dependent proliferation than the anti-CD25 mAbs 3C7 and
7D4 (Fig. 5, panel A). The use of PC61 in concert with low IL-2 concentrations provided the
appropriate qualitative and quantitative signals necessary for stabilization of FOXP3
expression and maintenance of the Treg phenotype. Although PC61 was not useful in initial
activation of 2D2-FIG SPL with antigen and TGF-p, PC61 in concert with IL-2 was included
in all subsequent cultures including maintenance cultures and re-activation cultures. TGF-
was beneficial during the initial activation culture and in all subsequent re-activation cultures.
Thus, PC61 worked in concert with IL-2 to maintain Tregs, and TGF-f worked in concert
with MHCII-restricted antigen to stabilize Tregs during blastogenic expansion. PC61 was the
technical tool that allowed exploitation of a Treg window, which was operationally defined
by a low range of IL-2 signaling that enabled dominant outgrowth of stable FOXP3" Tregs.
If IL-2 concentrations in PC61-supplemented cultures exceeded this range, then PC61 lacked
Treg stabilization activity, and Tcon subsets dominated the culture.

An important consideration was whether PC61 mAb crosslinked CD25 would elicit
qualitatively-unique, non-canonical IL-2 signaling pathways to stabilize Tregs. CD25 has no
known intracellular signaling activity, and IL-2 signaling is mediated through the cytoplasmic
domains of CD122 and CD132 (Boyman O, Sprent J. Nat Rev Immunol (2012) 12(3):180-90.
Epub 2012/02/22. doi: 10.1038/nri3156. PubMed PMID: 22343569). Nonetheless, CD25 has
a cytoplasmic domain, and CD25 crosslinking may indirectly crosslink other associated
proteins. Hence, our studies with intact PC61 mAb could not exclude the possibility that
PC61 may qualitatively modulate IL-2 signaling to favor the Treg subset. To address this
question, we derived a monomeric PC61scFv that lacked cross-linking activity. This
monomeric PC61scFv had essentially the same activity as PC61 mAb in Treg stabilization
assays (Fig. 11). These results support the conclusion that PC61 stabilizes Tregs primarily
through preferential blockade of IL-2 signaling in Tcon subsets. Notably, the use of PC61 or
PC61scFv was fully sufficient for derivation of long-term stable FOXP3" Treg lines without
any physical purification or genetic modification. The use of suitable anti-CD25 reagents
could be used to guide formulation of culture conditions suitable for derivation of enriched

Treg populations in large culture settings or bioreactors.

42



WO 2018/106885 PCT/US2017/065055

Low-zone IL-2 signaling confers Treg stability.

The IL-2 pathway is critical for self-tolerance in that genetic deficiencies in the major
components of the IL-2/ CD25/ IL2RBy/ STAT5/ JAK3 pathway result in systemic
autoimmunity (O'Shea JJ, Nat Rev Immunol (2002) 2(1):37-45. Epub 2002/03/22. doi:
10.1038/nri702. PubMed PMID: 11905836; Sadlack B, Cell (1993) 75(2):253-61. Epub
1993/10/22. PubMed PMID: 8402910; Sharfe N, et al. Proc Natl Acad Sci USA (1997)
94(7):3168-71, Epub 1997/04/01. PubMed PMID: 9096364; PubMed Central PMCID:
PMCPMC20340; Malek TR, et al. Immunity (2002) 17(2):167-78. Epub 2002/08/28. PubMed
PMID: 12196288; Teglund S, et al. Stat5a and Stat5b proteins have essential and
nonessential, or redundant, roles in cytokine responses. Cell (1998) 93(5):841-50. Epub
1998/06/18. PubMed PMID: 9630227; Antov A, et al. J Immunol (2003) 171(7):3435-41.
Epub 2003/09/23. PubMed PMID: 14500638). The paradox is that IL-2 is the prototypic T
cell growth factor in vitro that drives dominant outgrowth of CD4" and CD8" cffector
lineages. Several studies showed that IL-2 is required for induction and maintenance of
FOXP3 expression in Tregs (Malek TR, Castro 1. Immunity (2010) 33(2):153-65. doi:
10.1016/j.immuni.2010.08.004. PubMed PMID: 20732639; PubMed Central PMCID:
PMC2946796), but IL-2 also drives proliferation of Tcons and destabilization of Treg
populations (Figs. 2 and 6). This study provides insight into the “IL-2 paradox” by showing
that continuous culture of Tregs in IL-2 and PC61 resulted in maintenance of high levels of
FOXP3 expression and Treg stability for more than 60 days without any phenotypic or
functional attenuation (Fig. 7). Indeed, continuous culture in IL-2 and PC61 appeared to
promote a canonical Treg phenotype as measured by progressive increases in the expression
of Helios and Neuropilin-1 (Fig. 7). These findings provide suggestive evidence that the
duration of a Treg phenotype might be associated with progressive stabilization of a FOXP3"
Treg phenotype, such that Tregs may gravitate to a more differentiated phenotype with time.
If continuous low-zone IL-2 signaling in the context of a Treg window is key for
understanding stabilization of FOXP3" Tregs in vitro, the implication is that continuous low-
zone 11.-2 signaling may also be key for maintenance and progressive differentiation of Tregs
in vivo.

TGF-B was also required for Treg stability, but only in the context of MHCII-
restricted antigen presentation by splenic APC in activation-dependent expansion cultures.
TGF-B had no effect in maintenance cultures when added during propagation in IL-2 with or
without PC61. In re-activation cultures, a TGF-B-blocking antibody led to accelerated Treg

destabilization, whereas addition of exogenous TGF-p preserved FOXP3 expression and
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FOXP3" Treg percentages at optimal levels (Fig. 8). In re-activation cultures that included
IL-2 and TGF-B, Tregs expanded more than 5-fold without loss of FOXP3 as both a
percentage of the T cell population and on a per cell basis based on MFI. The concentration
of TGF-B in the reactivation culture was tailored to the TCR strength for cognate antigen of
the particular clonotype. In other words, the correct balance of TGF-B, antigen, and IL-2 was
necessary for optimal expansion of Tregs and maintenance of the Treg phenotype. For
example, 100 pM TGF-B was sufficient for expansion of stable MOG-specific Tregs, which
represents a low affinity clonotype. Higher concentrations of TGF-B (1 nM) were needed for
optimal expansion of stable OV A-specific Tregs, which exhibits much stronger antigenic
potency. Thus, TGF-B was needed in sufficient concentrations to counter-balance antigenic
strength but these TGF-B concentrations had to be below thresholds that completely blocked
the antigenic response. Thus, like the Treg window established for PC61/ IL-2 in
maintenance cultures, an appropriate range of TGF-B concentrations was needed for optimal
stabilization of Tregs during antigen-reactivated expansion cultures.

For both [L-2 and PC61 in maintenance cultures and TGF-} in reactivation cultures, a
major question was whether Treg stabilization reflected the intrinsic stabilization of FOXP3
expression or whether differential growth (or death) rates in Treg and Tcon subsets
determined final Treg percentages. The most likely scenario is that both mechanisms
contributed in part to the derivation of continuous Treg lines. For example, Tregs cultured in
the presence of PC61 and IL-2 had higher FOXP3 expression on a per cell basis than Tregs
cultured in IL-2 alone, and Tregs cultured in PC61 and IL.-2 also had higher growth rates than
the Tcon subsets, PC61 may suppress Tcon proliferation which in turn may suppress
secretion of pro-inflammatory cytokines that could antagonize TGF-B and destabilize
FOXP3. These considerations may reflect a fundamental competition between these T cell
subsets, wherein Treg subsets inhibit Tcon subsefs, and Tcon subsets inhibit Treg subsets via
mechanisms of reciprocal inhibition.

An important caveat is that this study pertains to the MOG-specific 2D2 clonotype,
the OV A-specific OTII clonotype, and mitogen-activated polyclonal C57BL/6 T cells. The
kinetics by which PC61 selects for CD25"e" Tregs will be determined in part by the relative
proportion and persistence of CD25"8" Treg and Tcon subsets in the cell preparation, which
may vary in different T cell preparations. Although PC61/ IL-2 selection exploits qualitative
distinctions in CD25 expression in Treg and Tcon subsets, stronger antigenic or mitogenic
stimuli may cause more persistent CD25 expression in Tcon subsets which may necessitate

longer periods of PC61/ IL-2 selection to achieve FOXP3" Treg dominance. PC61-mediated
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Treg selection therefore may vary in kinetics based on the inherent antigenic reactivity of the
relevant clonotype. A second caveat is that PC61/ IL-2 selects CD25"8" FOXP3" subsets at
the expense of CD25"% FOXP3" subsets. For example, pre-existing Tregs isolated from
secondary lymphoid organs express CD25 across a quantitative continuum, and PC61/ IL-2
selects the CD25M8" subset that represents the functionally mature suppressive subset.

This study defined an operative '"Treg niche' defined by low-zone IL-2 signaling. This
study also provided a strategy for maintenance and expansion of stable F OXP3" Treg lines in
vitro, which could be propagated indefinitely without phenotypic instability. These
principles were validated for TGF-B-inducible Tregs, which may be optimal for derivation of
antigen-specific Tregs from peripheral blood. While not wishing to be bound to any
particular theory, we believe that these principles would also apply to thymic or natural
tTreg/ nTregs. Overall, this strategy could be applied broadly to Tregs of any clonotypic
specificity and thereby may have applicability for the advancement of antigen-specific Treg-
based immunotherapies.

While there are shown and described exemplary embodiments of the invention, it is to
be understood that the invention is not limited thereto but may be otherwise variously
embodied and practiced within the scope of the following claims. Since numerous
modifications and alternative embodiments of the present invention will be readily apparent
to those skilled in the art, this description is to be construed as illustrative only and is for the
purpose of teaching those skilled in the art the best mode for carrying out the present
invention. Accordingly, all suitable modifications and equivalents may be considered to fall

within the scope of the following claims.
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THAT WHICH IS CLAIMED:

1. A method of preparing a regulatory T-cell (Treg) population comprising:
exposing T-cells to a medium comprising an anti-inflammatory cytokine and an anti-
inflammatory cytokine receptor inhibitor; and
' propagating the T-cells in the medium comprising the anti-inflammatory cytokine and

the anti-inflammatory cytokine receptor inhibitor to provide a Treg population.

2. A method of preparing a regulatory T-cell (Treg) population comprising:

activating T-cells to provide activated T-cells;

exposing the activated T-cells to a medium comprising an anti-inflammatory cytokine
and an anti-inflammatory cytokine receptor inhibitor; and

propagating the T-cells in the medium comprising the anti-inflammatory cytokine and

the anti-inflammatory cytokine receptor inhibitor to provide a Treg population.
3. The method of claim 1 ot 2, wherein the T-cells are naive T-cells.

4, The method of claim 2 or 3, wherein the T-cells are activated in the presence

of TGF-B and/or IFN-f.

5. The method of any one of claims 2—4, wherein the T-cells are activated in the

presence of an antigen, a superantigen, and/or a mitogenic stimulus.

6. The method of claim 5, wherein the antigen is myelin oligodendrocyte

glycoprotein-35-55 (MOG-35-55) peptide.

7. The method of any one of claims 1-6, wherein the Treg population is an

antigen-specific Treg population.

8. The method of any one of claims 1-7, wherein the anti-inflammatory cytokine

is IL-2.
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9. The method of any one of claims 1-8, wherein the anti-inflammatory cytokine
receptor inhibitor is an antibody to the anti-inflammatory cytokine receptor and/or an

antibody fragment thereof.

10.  The method of claim 9, wherein the antibody to the anti-inflammatory
cytokine receptor and/or antibody fragment thereof is an anti-IL-2 receptor antibody and/or a

fragment thereof.

11.  The method of 9 or 10, wherein the antibody to the anti-inflammatory
cytokine receptor and/or antibody fragment thereof is an anti-CD25 antibody and/or a

fragment thereof.

12.  The method of any one of claims 1-11, wherein the Treg population

comprises FOXP3" Tregs.

13.  The method of any one of claims 1-12, wherein the Treg population

comprises CD4"CD25 " FOXP3" Tregs.

14.  The method of any one of claims 1-13, wherein the Treg population

comprises at least about 90% FOXP3" Tregs or CD4"CD25'"FOXP3" Tregs.

15.  The method of any one of claims 1-14, wherein the Treg population

comprises Tregs expressing Nrpl and/or Helios.

16.  The method of any one of claims 1-15, wherein the concentration of the anti-

inflammatory cytokine (e.g., [L.-2) is in a range of about 1, 10, or 100 pM to about 10 nM.

17.  The method of any one of claims 1-16, wherein the concentration of the anti-

inflammatory cytokine (e.g., IL-2) is in a range of about 320 pM to about 3.2 nM.

18.  The method of any one of claims 1-15, wherein the concentration of the anti-
inflammatory cytokine (e.g., [L-2) is in a range of about 1 unit/mL to about 10, 20, 30, 40, 50
units/ ml or the concentration of the anti-inflammatory cytokine (e.g., IL.-2) is about 32

units/mL.
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19.  The method of any one of claims 1--18, wherein the concentration of the anti-
inflammatory cytokine receptor inhibitor (e.g., anti-CD25 antibody and/or a fragment

thereof) is in a range of about 10 nM to about 10 uM.

20.  The method of any one of claims 1-18, wherein the concentration of the anti-
inflammatory cytokine receptor inhibitor (e.g., anti-CD25 antibody and/or a fragment

thereof) is in a range of about 1.0 pg/ml to about 32 pg/ml.

21.  The method of any one of claims 11-20, wherein the anti-CD25 antibody

and/or fragment thereof is a monoclonal antibody.
22. The method of any one of claims 11-21, wherein the anti-CD25 antibody
binds to a human CD25 epitope homologous to the mouse CD25 epitope recognized by the

anti-mouse CD25 monoclonal antibody PC61.

23. The method of any one of claims 1-22, wherein the exposure step is

performed in vitro.

24.  The method of any one of claims 1-23, wherein the T-cells are derived or

obtained from a human subject.

25. A Treg population prepared by the method of any one of claims 1-24.

26. A composition comprising the Treg population of claim 25.

27. A pharmaceutical formulation comprising the Treg population of claim 25,

and optionally a pharmaceutically acceptable carrier.

28. A method of treating, modulating, or preventing an immunological disorder in
a subject in need thereof comprising a step of administering a therapeutic amount of the Treg
population of claim 25, the composition of claim 26, and/or the pharmaceutical formulation

of claim 27 to the subject.
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29. A method of treating, modulating, or preventing metabolic disorder in a
subject in need thereof comprising a step of administering a therapeutic amount of the Treg
population of claim 25, the composition of claim 26, and/or the pharmaceutical formulation

of claim 27 to the subject.

30.  An adoptive immunotherapy method comprising a step of administering a
therapeutic amount of the Treg population of claim 25, the composition of claim 26, and/or

the pharmaceutical formulation of claim 27 to a subject in need thereof.

31. The method of claim 28, wherein the immunological disorder is an
autoimmune disease, an allergic or hypersensitivity disease, a transplantation and/or tissue

disorder or combinations thereof.

32. The method of claim 28 or 31, wherein the immunological disorder is an
autoimmune disease affecting the nervous system, endocrine system, hematopoietic system,
gastrointestinal tract, renal system, cardiac system, vascular system, musculoskeletal system

or combinations thereof.

33. The method of any one of claims 28, 31, or 32, wherein the immunological

disorder is multiple sclerosis.

34.  The method of any one of claims 28 or 31-32, wherein the immunological
disorder is an allergic disease, wherein the allergic disease is allergic rhinitis, asthma, atopic
dermatitis, allergic gastroenteropathy, contact dermatitis, drug allergy or combinations

thereof,

35.  The method of any one of claims 28 or 31-32, wherein the immunological

disorder is transplant rejection or graft-versus-host disease.

36.  The method of any one of claims 28 or 31-32, wherein the immunological

disorder is excessive immunopathogenesis in infectious disease.
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37.  The method of any one of claims 28 or 31-36, wherein a tissue affected by the
immunological disorder is kidney, liver, pancreas, heart, lung, bone, skin or combinations

thereof.

38.  The method of claim any one of claims 28-37, wherein the subject in need

thereof is a human subject.

39. A method of eliciting a tolerogenic response in a subject in need thereof
comprising administering a therapeutic amount of the Treg population of claim 25 to the

subject in an amount sufficient to elicit a tolerogenic response.

40. A method of eliciting a tolerogenic response in a subject in need thereof
comprising administering a therapeutic amount of the composition of claim 26 to the subject

in an amount sufficient to elicit a tolerogenic response.

41. A method of eliciting a tolerogenic response in a subject in need thereof
comprising administering a therapeutic amount of the pharmaceutical formulation of claim 27

to the subject in an amount sufficient to elicit a tolerogenic response.

42, The method of any one of claims 39-41, wherein the tolerogenic response is

an active tolerance mechanism or a sustained tolero genic response.

43, The method of claim any one of claims 3942, wherein the subject in need

thereof is a human subject.

44.  The method of any one of claims 28-43, wherein the Treg population is

prepared from a T-cell population removed from the subject in need thereof.

45. A method of maintaining a Treg population comprising:

exposing a Treg population to a medium comprising an anti-inflammatory cytokine
and an anti-inflammatory cytokine receptor inhibitor; and

maintaining the Treg population in the medium comprising the anti-inflammatory

cytokine and the anti-inflammatory cytokine receptor.
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46. A method of maintaining a Treg population comprising:

exposing the Treg population of claim 25 to a medium comprising an anti-
inflammatory cytokine and an anti-inflammatory cytokine receptor inhibitor; and

maintaining the Treg population in the medium comprising the anti-inflammatory

cytokine and the anti-inflammatory cytokine receptor.
47, The method of claim 45 or 46, wherein the anti-inflammatory cytokine is IL-2.

48. The method of any one of claims 45-47, wherein the anti-inflammatory
cytokine receptor inhibitor is an antibody to the anti-inflammatory cytokine receptor and/or

an antibody fragment thereof.

49, The method of any one of claims 48, wherein the anti-inflammatory cytokine
receptor and/or antibody fragment thereof is an anti-IL-2 receptor antibody and/or a fragment

thereof.

50. The method of any one of claims 49 or 50, wherein the anti-IL-2 receptor

antibody and/or a fragment thereof is an anti-CD25 antibody and/or a fragment thereof.

51.  The method of any one of claims 45-50, wherein maintaining the Treg
population in the medium comprising the anti-inflammatory cytokine and the anti-
inflammatory cytokine receptor comprises maintaining the Treg population in the medium
comprising the anti-inflammatory cytokine and the anti-inflammatory cytokine receptor for

about 5, 6,7,8,9,10, 11, 12, 13, 14, or more days.

52. The method of any one of claims 45-51, wherein the Treg population
comprises FOXP3" Tregs.

53.  The method of any one of claims 45-52, wherein the Treg population
comprises CD4"'CD25 FOXP3" Tregs.

54. The method of any one of claims 45-53, wherein the Treg population
comprises at least about 90% FOXP3" Tregs or CD4"CD25'FOXP3" Tregs.

51



WO 2018/106885 PCT/US2017/065055

55.  The method of any one of claims 47-54, wherein the concentration of the anti-

inflammatory cytokine (e.g., IL-2) is in a range of about 100 pM to about 10 nM.

56.  The method of any one of claims 47-55, wherein the concentration of the anti-

inflammatory cytokine (e.g., IL-2) is in a range of about 320 pM to about 3.2 nM.

57.  The method of any one of claims 47-54, wherein the concentration of the anti-

inflammatory cytokine (e.g., IL-2) is in a range of about 0.1% to 1.0% (v/v).

58.  The method of any one of claims 51-57, wherein the concentration of the anti-
inflammatory cytokine receptor and/or antibody fragment (e.g., anti-CD25 antibody and/or

fragment thereof) is in a range of about 10 nM to about 10 uM.

59.  The method of any one of claims 51-57, wherein the concentration of the anti-
inflammatory cytokine receptor and/or antibody fragment (e.g., anti-CD25 antibody and/or

fragment thereof) is in a range of about 1.0 pg/ml to about 32 pg/ml.

60.  The method of any one of claims 51-59, wherein the anti-CD25 antibody is a

monoclonal antibody and/or fragment thereof.

61.  The method of any one of claims 51-60, wherein the anti-CD25 antibody
binds to a human CD25 epitope homologous to the mouse CD25 epitope recognized by the

anti-mouse CD25 monoclonal antibody PC61.

62.  The method of any one of claims 45-61, wherein the exposure step is

performed in vitro.

63.  The method of any one of claims 45-62, wherein the Treg population is

derived from a human subject.
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