1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Transplant. Author manuscript; available in PMC 2017 October 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Transplant. 2016 October ; 16(10): 2994-3006. doi:10.1111/ajt.13883.

Impact of Human Mutant TGFB1/Fc Protein on Memory and
Regulatory T Cell Homeostasis Following Lymphodepletion in
Nonhuman Primates

H. Guol, L. Lul, R. Wang?, A. Perez-Gutierrez!, H.S. Abdulkerim?2, A.F. Zahorchak?, T.L.
Sumpter3, K. A. Reimann2, A.W. Thomsonl4, and M.B. Ezzelarab!""

1Starzl Transplantation Institute, Department of Surgery, University of Pittsburgh School of
Medicine, Pittsburgh, PA

2MassBiologics, University of Massachusetts Medical School, Boston, MA
3Department of Dermatology, University of Pittsburgh School of Medicine

4Department of Immunology, University of Pittsburgh School of Medicine, Pittsburgh, PA

Abstract

Transforming growth factor 1 (TGFB1) plays a key role in T cell homeostasis and peripheral
tolerance. We evaluated the influence of a novel human mutant TGFp1/Fc protein on memory
CD4" and CD8™ Tcell (Tmem) responses in vitro and their recovery following anti-thymocyte
globulin (ATG)-mediated lymphodepletion in monkeys. TGFp1/Fc induced Smad-2/3 protein
phosphorylation in rhesus and human peripheral blood mononuclear cells and augmented the
suppressive effect of rapamycin on rhesus Tmem proliferation after either alloactivation or anti-
CD3/CD28 stimulation. In combination with I1L-2, the incidence of CD4*CD25NiFoxp3hi
regulatory T cells (Treg) and Treg/Th17 ratios were increased. In lymphodepleted monkeys, whole
blood trough levels of infused TGFB1/Fc were maintained between 2—7 ug/mL for 35 days.
Following ATG administration, total T cell numbers were reduced markedly. In those given
TGFBL/Fc infusion, CD8*T cell recovery to pre-depletion levels was delayed compared to
controls. Additionally, numbers of CD4*CD25MNCD127!° Treg increased at 4-6 weeks after
depletion but subsequently declined to pre-depletion levels by 12 weeks. In all monkeys,
CD4*CD25NFoxp3M Treg/CD4*IL-17* cell ratios were reduced, particularly after stopping
TGFB1/Fc infusion. Thus, human TGF@1/Fc infusion may delay Tmem recovery following
lymphodepletion in nonhuman primates. Combined (low-dose) IL-2 infusion may be required to
improve the Treg/Th17 ratio following lymphodepletion.
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Introduction

Lymphocyte depletion is currently performed at the time of transplantation and is associated
with both prolonged graft survival and reduced intensity maintenance immunosuppression
(1-4). In both rodents and humans however, lymphodepletion is followed by compensatory
lymphopenia-induced homeostatic proliferation that results in rapid expansion of memory T
cells (Tmem), mainly of an effector phenotype (5, 6). These Tmem are resistant to
immunosuppressive (1S) therapy (7), paradoxically favor rejection and present a barrier to
transplantation tolerance (8-11). Indeed, T cell lymphopenia is associated with the
breakdown of immune tolerance in rodents and humans (7, 12-15).

Transforming growth factor beta 1 (TGFB1) is a pleiotropic cytokine that is critical for T cell
homeostasis and regulatory T cell (Treg) development (16-20). In rodents, TGFp1 signaling
is required to prevent autoimmune responses during lymphopenia-induced proliferation (21).
TGFp1 signaling is also critical for Tmem suppression (22). Previously, it has been shown
that in rodents, infusion of the novel immunoligand human mutant TGFB1/Fc protein
(TGFB1/Fc), especially in combination with rapamycin, promotes Treg generation while
inhibiting Th17 differentiation. In addition, short-term combined TGFB1/Fc and rapamycin
administration induces tolerance to pancreatic islet allografts (23).

Nonhuman primates (NHP) are robust pre-clinical models for testing promising new
approaches to overcoming barriers to tolerance induction. As in rodents and humans (5, 8),
lymphodepletion in NHP is associated with enhanced recovery of effector T cells and
effector Tmem (24, 25). Here, we report for the first time on the impact of human TGFB1/Fc
infusion on the recovery of Tmem and Treg in rhesus monkeys following T cell depletion.

Materials and Methods

Animals

Healthy male juvenile rhesus macaques (Macaca mulatta) of Indonesian origin, weighing 5—
7 kg, were obtained from the NIAID-sponsored rhesus macaque colony (Yamassee, SC). All
monkeys were maintained in the NHP Research Facility of the Department of Laboratory
Animal Resources at the University of Pittsburgh School of Medicine. All animal procedures
were performed in accordance with the NIH Guide for the Care and Use of Laboratory
Animals and approved by the University of Pittsburgh Institutional Animal Care and Use
Committee. Experiments were conducted according to the guidelines set forth in the
National Institutes of Health Guide for the Care and Use of Laboratory Animals. Specific
environment enrichment was provided.

Construction and characterization of human TGFp1/Fc

Human TGFp1/Fc was constructed as described (23). Briefly, human mutant TGFp1 cDNA
was fused with human Fcy4 cDNA to extend its circulating ty/». This cDNA was subcloned
into an expression vector and packaged in a retroviral vector used to transduce Chinese
hamster ovary cells using the GPEx " expression technology (Catalent Pharma Solutions,
Madison, WI). A pool of transduced cells was grown in serum-free medium and secreted
fusion protein was purified by protein A affinity chromatography. The purified final product
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was diafiltered into phosphate buffer, pH 7.2. The mature, biologically active TGFp1/Fc
fusion protein has a mass of 190 kDa, exclusive of glycosylation. The capacity of the final
TGFB1/Fc product to activate the Smads pathway was assessed using Western blot.

T cell proliferation assays

Fresh peripheral blood mononuclear cells (PBMC) were isolated from healthy monkeys. To
assess T cell proliferation by CD3/CD28 activation, flat-bottom 96-well plates were coated
with 1pg/mL anti-human CD3 Ab (Clone SP34-2; BD Pharminogen). PBMC were then
labeled with 4 uM carboxyfluorescein succinimidyl ester (CFSE; Invitrogen) and plated at a
final density of 2x10° cells/well in the presence of 1pug/mL soluble anti-human CD28 Ab
(Clone CD28.2; eBioscience) for 3—4 days. Additionally, PBMC were cultured in the
absence or presence of rapamycin (1 ng/mL, LC Laboratories, Woburn, MA) and human
TGFp1/Fc (1 pg/mL or 10 pg/mL), with or without recombinant human IL-2 (300 U/mL,
R&D Systems, Minneapolis, MN). In other experiments, PBMC were cocultured with
allogeneic T cell-depleted PBMC for 4-5 days to evaluate the proliferation of alloreactive T
cells.

Proliferation was determined by CFSE dye dilution. Percent suppression was determined as:
(percent dye dilution without additional agents — percent dye dilution with indicated agents)/
percent dye dilution without additional agents X 100%. Cultures of responder cells without
stimulation were used as controls.

Smads pathway activation by western blot

Rhesus and human PBMC were rested in serum-free IMDM medium overnight, followed by
exposure to 10 ng/mL human recombinant (r) TGFB1 (R&D Systems, Minneapolis, MN) or
TGFp1/Fc (5 pg/mL) for 30 min. Protein extracts were obtained using RIPA buffer
containing 50 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1% Triton x-100, 1% sodium
deoxycholate, 0.1%SDS, 1 mM NazVOy, 1 mM phenylmethylsulfonyl fluoride and 1
protease inhibitor mini tablet (Pierce, Rockford, IL)/10 mL. Protein content was determined
using the Pierce™ BCA Protein Assay Kit (Rockford, IL). Samples were resolved in an
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred to a nitrocellulose
membrane. Western blotting was performed with phospho-Smad2/3 (Ser465/467) Abs (Cell
Signaling, Boston, MA).

TGFB1/Fc infusion and immunosuppressive (IS) drug regimen

To determine its pharmacokinetics, one dose of TGFp1/Fc (5mg/kg) was infused
intravenously in 2 healthy naive rhesus monkeys, followed by serum sample collection at 30
min, 4, 24, 48 hours and 5 days after infusion. To achieve lymphodepletion, four monkeys
received 4 consecutive intravenous (i.v.) infusions of rabbit anti-thymocyte globulin (ATG;
Genzyme, Boston, MA) at 10 mg/kg on day 0, then 5 mg/kg on days 2, 9 and 16.
Intramuscular rapamycin (target blood trough levels 5-10 ng/mL; LC Laboratories) was
given daily, starting on day -2 up to 3 months. TGFp1/Fc (5mg/kg) was infused
intravenously to two IS monkeys starting after the first dose of ATG, twice a week for 4
weeks. Blood samples were collected twice a week to monitor TGFB1/Fc kinetics.
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Measurement of serum TGFp1/Fc levels

Plates were coated with monoclonal anti-human IgG4 (clone HP6025, Life Technologies,
Grand Island, NY) at a concentration of 1 ug/mL and blocked with Super Block (Thermo
Scientific, Woodstock, GA). This capture antibody reacts with the human 1gG4 Fc portion of
the fusion protein but lacks reactivity with macaque immunoglobulins. Pre- and post-
treatment samples were serially diluted in phosphate-buffered saline (PBS; 2%) bovine
serum albumin, plated for 1 hour, and washed with PBS/0.05% Tween 20. TGFB1/Fc was
detected by incubating with polyclonal goat anti-human IgG - horseradish peroxidase
(Jackson ImmunoResearch Labs, West Grove, PA). Plates were then incubated with 1-Step
Ultra TMB ELISA Substrate (Thermo Scientific). TMB stop solution (KPL, Gaithersburg,
MD) was added and the absorbance read on Mithras LB 940 microplate reader (Berthold
Technologies, Calmbacher, Germany) at 450nm. A standard curve was generated using
serum spiked with known quantities of TGFB1/Fc and used to calculate the TGFp1/Fc
concentration present in specimens.

Phenotypic analysis of T cells

As described previously (26), PBMC were stained at 4°C with the following fluorochrome-
labeled anti-human Abs: anti-CD3 (clone SP34-2), anti-CD4 (OKT4), anti-CD8 (RPA-T8),
anti-CD25 (BC96), anti-CD28 (CD28.2), anti-CD45RA (5H9), anti-CD62L (SK11) and
anti-CD127 (HIL-7R-M21) from BD Pharminogen (Franklin Lakes, NJ). Anti-Foxp3
(206D) was obtained from BioLegend (San Diego, CA). Anti-IL-17 (eBio64Dec17) and
anti-Ki67 (20Raj1) were obtained from eBioscience (San Diego, CA). Data were acquired
ona LSR Il or LSR Fortessa (BD Bioscience) and analyzed with FlowJo software (Tree
Star, Ashland, OR, USA). Absolute counts of Tmem and Treg were determined using
CountBright™ absolute counting beads (Invitrogen, Carlsbad, CA), according to the
manufacturer’s protocol.

Following ATG-mediated lymphocyte depletion, whole blood samples were collected once a
week to determine T cell subsets. At one month post-infusion, inguinal lymph nodes (LN)
were collected and lymphocyte phenotypic analysis performed. Data were analyzed with
FlowJo software (Tree Star) and graphed with GraphPad Prism (Graph Pad Software, San
Diego, CA).

Statistical analysis

Differences between means were evaluated using the Mann-Whitney test or ANOVA, as
appropriate. Statistical analyses were conducted using Prism Graphpad software.

Results

TGFB1/Fc acts together with rapamycin to markedly suppress T cell proliferation and
reduces Ki67 expression in vitro

To examine the influence of TGFB1/Fc combined with rapamycin on rhesus monkey CD4*
and CD8* T cell proliferation, healthy rhesus PBMC were stimulated with either allogeneic
T cell-depleted PBMC or anti-CD3/CD28 mAb. In the presence of rapamycin alone (1 ng/
mL), proliferation of allo-stimulated CD4* and CD8* T cell were reduced by 40-60%
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(Figure 1A and 1B), whereas combination of TGFB1/Fc and rapamycin resulted in stronger
suppression in a TGFR1/Fc concentration-related manner. Consistent with the observed
suppressive effect on proliferation, TGFB1/Fc together with rapamycin markedly inhibited
expression of Ki67, a key marker associated with cell proliferation (Figure 1A and 1B).

Similarly, stronger inhibitory effects of CD4* and CD8" T cell proliferation were observed
in the presence of TGFB1/Fc and rapamycin following CD3/CD28 mAb activation
(Supplementary Figure 1).

TGFB1/Fc augments the suppressive effects of rapamycin on CD4* and CD8+ memory T
cell proliferation in vitro

We next evaluated the influence of TGFBL1/Fc on Tmem subsets following alloAg
stimulation. Rhesus CD4* (Figure 2A) and CD8* (Figure 2B) Tmem subsets were
determined based on their differential expression of CD28 and CD45RA, as described (27).
Following allo-stimulation, TGFB1/Fc combined with rapamycin more markedly suppressed
both CD4* and CD8* central memory (Tcm) and effector memory (Tem) proliferation and
Ki67 expression compared to rapamycin alone.

TGFB1/Fc activates human and rhesus monkey Smad2/3 pathway

To assess the effect of TGFB1/Fc on intracellular signal transduction, we evaluated
activation of the receptor-regulated Smad2/3 pathway (28) in both human and rhesus PBMC.
For comparison, we also evaluated the influence of recombinant human TGFp1 (rhTGFp1).
TGFp1/Fc-induced smad-2 and smad-3 phosphorylation in human PBMC as efficiently as
rhTGFB1. The TGFB1/Fc induced smad-2 and smad-3 phosphorylation in rhesus PBMC
was similar to that achieved by rhTGFB1 (Figure 3).

TGFB1/Fc blood levels in naive and lymphodepleted monkeys

Recently, it was reported in mice (23) that the circulating t1/2 of the active form of TGFp1
was very short (3 min), but that the circulating t1/2 of human TGFB1/Fc was markedly
extended to 32h. First, we examined TGFp1/Fc levels in peripheral blood of two healthy
rhesus monkeys. As shown in Figure 4A, following a single i.v. infusion, TGFB1/Fc reached
peak levels at 30 min, declined thereafter, but remained detectable at 24 and 48 hours, and
could no longer be detected in the blood beyond 5 days after infusion.

We then established an 1S protocol to achieve lymphodepletion in four healthy monkeys.
Four doses of ATG were given on days 0 (10 mg/kg), 2 (5 mg/kg), 9 (5 mg/kg) and 16 (5
mg/kg). Rapamycin was injected daily from day 0 with levels maintained between 10 and 15
ng/mL (Figure 4B). TGFB1/Fc was administered at 5 mg/kg into two of the lymphodepleted
monkeys twice a week for 4 weeks following the first dose of ATG. The other two
lymphodepleted monkeys were used as controls. As shown in Figure 4C, in lymphodepleted
monkeys receiving TGFp1/Fc, trough levels of TGFB1/Fc between 2 and 8 pg/mL (except
for day 7 in one monkey) were achieved and maintained in the peripheral blood between
days 3 and 35). TGFB1/Fc was detected in the blood for at least 1 week after the last dose
(day 24) and was not detected in blood more than 2 weeks after the last infusion.
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TGFB1/Fc in combination with ATG and rapamycin delays the recovery of Tmem in vivo

We next evaluated the influence of the TGFB1/Fc on the recovery of T cells and Tmem
populations in monkeys receiving IS. Both naive and memory CD4* and CD8* T cell
subsets in fresh blood samples were enumerated by flow cytometry based on their
differential expression of CD62L and CD45RA (Figure 5). Total CD4* T cells were reduced
in all monkeys and remained below pre-depletion levels for at least 12 weeks. In one
monkey with TGFB1/Fc infusion (M37), there was comparatively early recovery of CD4*
Tem, but numbers still remained below pre-depletion levels at day 84. While total CD8* T
cells were depleted as efficiently as CD4™ T cells in all monkeys, earlier recovery of total
CD8™ T cells to or above pre-depletion levels was observed without compared to with
TGFBL/Fc infusion. With no TGFB1/Fc infusion, there was earlier recovery of CD8* Tem in
one monkey (M119) and of CD8* Temra in both monkeys, compared to those with protein
infusion. These data suggest that combined administration of TGFB1/Fc with rapamycin
may delay recovery of effector and memory CD8" T cells in lymphodepleted monkeys.

In these studies, we did not observe consistent CD62L expression by stored PBMC
(compared to fresh blood samples). Accordingly, we evaluated naive and memory CD4* T
cell subsets (1 month after the first dose of ATG) in inguinal lymph nodes based on their
differential expression of CD28 and CD45RA. No striking differences in the incidences of
naive and memory T cell subsets in LN were observed, with or without TGFp1/Fc infusion
(data not shown).

Combined TGFB1/Fc and rapamycin administration induces a transient increase in
CD4*CD25NMCD127'° Treg in peripheral blood

We then determined the influence of TGFB1/Fc infusion on regulatory
CD4*CD25MNCD127'° T cell absolute numbers in peripheral blood. As shown in Figure 6A,
following T cell depletion, there was a steady recovery in Treg absolute numbers between
days 14 and 42 with TGFB1/Fc infusion that was less evident in controls. Additionally, we
calculated the ratios of Treg to CD4*Tem and CD4*Temra using absolute cell numbers, but
inter-individual variability made interpretation of the results in the small numbers of animals
difficult.

Combined TGFB1/Fc and rapamycin administration does not promote Treg to Th17 ratios

in blood

As TGFp1 plays a critical role in the balance between Treg and Th17 cells (29), we
measured the incidences of CD4*IL-17* cells in PBMC 1 and 2 months after
lymphodepletion (Figure 6B). In all monkeys, the percentages of CD4*1L-17* T cells
increased at 2 months following lymphodepletion. We then evaluated the ratio of
CD4*CD25*Foxp3M Treg to CD4*IL-17* cells in PBMC. With no TGFB1/Fc, the Treg/
Th17 ratio one month after depletion was similar to before depletion, and then slightly
reduced at 2 months. On the other hand, the Treg/Th17 ratio was markedly reduced at 1 and
2 months in TGFR1/Fc-treated monkeys (Figure 6C).
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Combination TGFB1/Fc with IL-2 promotes the Treg/Th17 ratio

The bi-functional role of TGFB1/Fc in regulation of immune reactivity depends on the
cytokine milieu. It is known that both TGFB1 and IL-2 are essential for Treg induction. To
further define the influence of TGFR1/Fc on the Treg/Th17 ratio during T cell activation,
CD3/CD28 activation of rhesus monkey PBMC was induced in the presence or absence of
TGFp1/Fc, with or without IL-2. As shown in Figure 7A, T cell activation in the presence of
rapamycin and/or TGFB1/Fc alone did not induce Treg. However, the incidence of Treg was
increased by TGFP1/Fc in a concentration-dependent manner only in the presence of IL-2
(Figure 7B). This was associated with an increased Treg/Th17 ratio only in the presence of
IL-2 (Figure 7C). These data suggest that addition of low dose IL-2 infusion (30) may be
required to improve the Treg to Th17 ratio following TGFp1/Fc administration in vivo.

Discussion

TGFp exists in 3 different isoforms (B1, p2 and B3), the most prevalent of which, TGF1, is
an important regulator of immune responses and exerts powerful anti-inflammatory effects
(18, 31). Inhibitory effects of TGFR1 were first described in 1986 (32), when its suppressive
effect on T and B lymphocytes was reported. The later development of TGFp1-deficient
mice established the crucial roles of TGFP1 in immune responses (33, 34). TGFp1 plays a
complex role in the development of T cell lineages and the induction of immune tolerance. It
has been suggested that TGFpB1 may be indispensable for the development and maintenance
of Treg in the periphery (16, 17), as well as Treg function (19). Furthermore, recent studies
indicate that naive CD4*CD25 Foxp3~ T cells in the periphery can be converted into
CD4*CD25*Foxp3* Treg by TGFB1 during T cell receptor stimulation (16).

Recently, a mutant human TGFB1/Fc has been generated (23). In order to promote the half-
life of TGFp1, the Cys codons in the pro region of the human TGFp1 precursor were
changed into serine (Ser). The mutant TGFB1 cDNA was then fused with human 1gG4 Fc to
produce an autoactive TGFB1/Fc that does not depend on acidification for activation. In
combination with rapamycin monotherapy, infusion of human mutant TGFB1/Fc induces
islet allograft tolerance in a rodent model, associated with increased Treg and reduction of
pro-inflammatory cytokines, including IL-17 (23).

Lymphocyte depletion has been used increasingly in clinical organ transplantation as a basis
for tolerance induction strategies. Studies in rodents, NHP and humans indicate that
lymphodepletion is associated with reduced cellular rejection and prolonged allograft
survival. However, there is also recent evidence that T cell depletion at the time of transplant
may enhance the recovery of pro-inflammatory T cells with effector and memory
phenotypes after transplantation, where this enhanced recovery is due to homeostatic
proliferation of Tmem in lymphopenic hosts (11). Additionally, lymphodepletion-resistant
Tmem contribute to allograft rejection, as demonstrated by studies in rodents (35) and
humans (36).

In addition to its Treg-promoting effects, TGFP1 has been shown to be critical for the
prevention of dysregulated expansion of Tmem (22). Furthermore, immunomodulatory
effects of TGFP1 may prevent inflammatory responses (37) after transplantation (38). Here,
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we evaluated for the first time, the influence of human TGFB1/Fc protein on rhesus monkey
T cells in vitro and also in vivo following lymphodepletion. In vitro, TGFp1/Fc induced
Smad 2 and 3 phosphorylation in rhesus PBMC and augmented the suppressive effect of
rapamycin on both CD4* and CD8* Tmem proliferation in response to either CD3/CD28
activation or allo-stimulation.

We were able to achieve trough levels of TGFp1/Fc between 2 and 8 ug/mL in
lymphodepleted monkeys where TGFBL1/Fc could be detected in the blood for at least 1
week after the final dose. We then evaluated the influence of TGFp1/Fc on the recovery of
CD4* and CD8* Tmem in lymphodepleted monkeys. With no TGFB1/Fc administration,
recovery of effector CD8" Tmem was observed by 6-12 weeks after depletion, while in
monkeys with TGFB1/Fc administration, effector CD8* Temra remained below pre-
depletion levels. Of note, TGFBL1/Fc was given for only 4 weeks, and trough levels were not
detected by day 45 after combined lymphodepletion and TGF1/Fc infusion.

In all lymphodepleted monkeys (with or without TGFB1/Fc infusion), there were increased
incidences of CD4*IL-17* T cells at 1 and 2 months after lymphodepletion compared to
baseline. However, the Treg to Th17 ratio was reduced markedly in TGFB1/Fc-treated
compared to control monkeys. It is known that TGFB1 and IL-2 orchestrate Treg induction
(39), where IL-2 is critical for Treg development (40, 41) and TGFB1 mediates Treg
induction (42). Notably, our in vitro data indicate that combined TGFB1/Fc and rapamycin
dose not enhance the Treg to Th17 ratio despite reduced Tmem proliferation. However, the
Treg to Th17 ratio was enhanced significantly when TGFB1/Fc and rapamycin were
combined with IL-2.

The potential requirement of combined low dose IL-2 infusion with TGFB1/Fc to increase
the incidence of Treg compared to Th17 or effector T cells may introduce significant
complexity to clinical application. Furthermore, It has been reported that TGF1 can induce
the production of connective tissue growth factor, that promotes fibrosis in rodents (43, 44)
in the presence of IL-6, and is IL-17-dependent.

In conclusion, human TGFp1/Fc infusion may delay Tmem recovery following
lymphodepletion in nonhuman primates. However, following the final dose of TGFB1/Fc,
enhanced Th17 cell: Treg ratios were observed. As TGFp1-mediated regulation of T cell
homoestasis is dependent on the cytokine milieu, therapeutic infusion of TGFR1/Fc requires
further evaluation regarding timing and dosage. Additional administration of low dose IL-2
(30), in combination of TGFB1/Fc, may be required for sustaining enhanced Treg to Th17 T
cell ratios, particularly in the setting of transplantation.
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(A) CFSE-labeled rhesus monkey PBMC were cultured for 4 days with T cell-depleted
allogeneic stimulators in the absence or presence of rapamycin (1 ng/mL) and the indicated
concentrations of TGFB1/Fc (0, 1, 10 ug/mL). CD4* and CD8" T cell proliferation was
measured by CFSE dilution (top). Additionally, inhibition of Ki67 expression by CD4* and
CDS8™ T cells following allostimulation was evaluated (bottom). (B) Combined data from 3
different experiments for 3 different monkey pairs. Data represent means + SD of three
independent experiments using different responders and stimulator-responder pairs. PBMC,
peripheral blood mononuclear cell.
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Figure 2. TGFBL1/Fc augments the suppressive effects of rapamycin on memory T cell
proliferation

(A) Percent of proliferation and Ki67 expression by CD4* naive and Tmem subsets in
response to allostimulation in the presence of rapamycin + TGFB1/Fc. (B) Similarly, CD8*
naive and Tmem subsets were also evaluated for percent of proliferation and Ki67
expression. CFSE-labeled PBMC were cultured for 4 — 5 days with T cell-depleted
allogeneic PBMC in the absence or presence of rapamycin £ TGFB1/Fc. At the end of the
culture, T cell subsets were assessed by flow cytometry based on CD45RA and CD28
expression: naive (Tn)- CD45RA*YCD28™, central memory (Tcm)- CD45RACD28™,
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effector memory (Tem)- CD45RA™CD28™, and terminally-differentiated effector memory
(Temra)-CD45RA*CD28". All results are representative data of three independent
experiments using different responders and stimulator-responder pairs. PBMC, peripheral
blood mononuclear cell.
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Figure 3. TGFBL/Fc activates the Smads (2/3) pathway
Western blotting was used to determine the expression of Smad2/3 by rhesus and human

PBMC treated with rhTGFB1 (10 ng/mL) or TGFB1/Fc (5 pg/mL) for 30 min. The same cell
lysates were used to evaluate the expression of GAPDH as a loading control. One
representative experiment of two performed is shown. PBMC, peripheral blood mononuclear
cell.
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Figure 4. Pharmacokinetics of TGFp1/Fc following i.v. infusion in healthy and lymphodepleted
monkeys

(A) Time course of serum concentration of TGFP1/Fc in 2 healthy naive rhesus monkeys
after a single i.v. infusion (5 mg/kg). (B) Protocol for immunosuppression and TGFB1/Fc
infusion in lymphodepleted monkeys. The monkeys received i.v. ATG on days 0, 2, 9, 16.
Intramuscular rapamycin was commenced on day 0 and whole blood trough levels
maintained at 5-10 ng/mL until day 90. In 2 IS monkeys, TGFB1/Fc was infused twice a
week for 4 weeks starting after the first dose of ATG. (C) Serum TGFB1/Fc levels in
TGFB1/Fc-infused monkeys (n=2) at various times up to 3 months after the start of ATG
administration.
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Figure 5. Influence of TGF-B1/Fc infusion on circulating CD4* and CD8" naive and memory T
cell subsets

Absolute numbers of circulating total CD4* and CD8* T cells as well as naive and memory
T cell subsets, in control monkeys M119 and M122 (solid lines) and TGFp1/Fc—infused
monkeys M35 and M37 (dashed lines) at various times after the start of ATG administration
are shown. CD4" and CD8* naive and memory T cell subsets in peripheral blood were
distinguished based on CD45RA and CD62L expression: Naive (Tn) CD45RANCD62LN,
effector memory (Tem) CD45RA!CD62L!°, terminally-differentiated effector memory
(Temra) CD45RANCD62L!°, and central memory (Tcm) CD45RAlCCD62LN,
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Figure 6. Influence of TGFP1/Fc infusion on regulatory T cells
(A) Absolute numbers of Treg (CD4*CD25*CD1277) in peripheral blood of

lymphodepleted monkeys without (solid lines) and with TGFp1/Fc infusion (dashed lines) at
various times after the first ATG infusion. (B) Percentages of CD4*IL-17* T cells in each
monkey, before, 1 month and 2 months after lymphodepletion. PBMC were activated for 4h
with PMA and ionomycin in the presence of GolgiStop (BD Bioscience). (C) In stored
PBMC, the ratio of CD4*CD25MFoxp3Mi Treg to CD4*1L-17* cells was determined for each
monkey at each time point examined. PBMC, peripheral blood mononuclear cell.
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Figure 7. Combination of IL-2 and TGFB1/Fc enhances Treg and increases the Treg/Th17 ratio
Rhesus monkey PBMC were stimulated with anti-CD3 and anti-CD28 Abs and cultured

without or with rapamycin (1 ng/mL) * the indicated concentrations of TGF-p1/Fc (0, 1, 10
pg/mL) and with or without exogenous IL-2. On day 4, the cells were harvested and further
activated with PMA, ionomycin and GolgiStop for 4 h, then stained for intracellular IL-17
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and Foxp3. (A) Representative percentages of CD4*CD25*Foxp3* Treg. (B) Overall Treg
percentages and (C) Treg/Th17 ratios plotted as means + SD. n=5; **, p<0.001; *, P<0.01.
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