Supplementary Data and Discussion

Recombinant IL-35. In our hands, recombinant IL-35 has proven to be a poorly produced and
relatively uns table c ytokine. Thus far, our s tudies s uggest thatthe H EK293T, C HO, C OS,
Baculovirus, Drosophila S2, Pichia pastoris and E.coli expression systems are unable to secrete
the appreciable quantities of recombinant mouse or human IL35 required for purification. While
we ¢ annot r ule out the pos sibility t hat a uni que fusion pr otein or m odification m ay y ield
significantly improved production, it seems likely that it will not be possible to produce significant

quantities of native IL-35 in any currently known expression system.

Human IL-35 validation. We us ed t hree appr oaches t o v erify t hat the r ecombinant | L35
generated by 293T, and no other suppressive factor, mediates conversion of T, to a
suppressive population. First, IL-35 was removed from [L-35 supernatants using anti-p35
antibody c oupled P rotein G beads . R emoval o f I L-35 by i mmunoprecipitation ¢ ompletely
abolished the ability of the IL-35 supernatants to suppress T Cell proliferation, suggesting that
all the suppressive activity is due t o 1L-35, and no other factors presentin the s upernatants
(Supplementary Fig. 2). Second, T cells were treated with IL-35 alone or in the presence of IL-
10, TGFp or IL-35 neutralizing (clone 27537) (R&D Systems) antibodies. While neutralization of
IL-10and TG FB had no af fectont he abi lity of c ellst o ac quire s uppressive ¢ apacity,
neutralization of 1L-35 almost completely inhibited conversion (Fig. 1g and Supplementary Fig.
2). C ontrol protein was unabl e to i nduce c onversion or s uppressive capacity r egardless of
whether any of the neutralizing antibodies were included in the assays (data not shown). Third,
IL-35 was coupled to Protein G beads via neutralizing (clone 27537) (R&D Systems) or non-
neutralizing (clone 45806) (R&D Systems) anti-p35 m Abs. | mportantly, the ability of the two
antibodies to immunoprecipitate 1L-35 is equivalent (data not shown). In addition, these anti-
p35 mAbs appear to be IL-35 specific as they have no affect on IL-12 activity (data not shown).

Following conjugation with IL-35, beads were washed and subsequently used for suppression
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assays, in the absence of any supernatant. Beads coupled with IL-35 via non-neutralizing, but
not neutralizing anti-p35 mAbs, suppressed the proliferation of T, cells in a titratable fashion
(Supplementary Fig. 2). Control protein-coupled beads had no effect on the proliferation of Ty
cells. Taken together, these data demonstrate beyond a reasonable doubt that 293T-generated

IL-35 alone mediates the bioactivity observed.

Human IL-35 is suppressive and IL-35-treated T.,n, acquire a regulatory phenotype.
Human umbilical cord blood is an ideal source of naive Tgn and nT 4 due to their lack of
previous antigenic exposure, and thus the ease with which they can be reliably purified based
on CD4 and CD25 expression (Supplementary Fig. 1). Purified cord blood T g exhibit uniform
Foxp3 expression, while T, lack Foxp3 expression, demonstrating purity. As previously
shown with murine 1L-35, human IL-35 can suppress the proliferation of human T, cells in a
dose-dependent manner (Supplementary Fig. 2). The degree of suppression by IL-35 is similar

to that seen by activated T egs.

Murine IL-35 validation. Similar validation e xperiments were performed with murine IL-35 as
described for human IL-35 above. F irst, removal of |1L-35 by immunoprecipitation completely
abolished the ability of the IL-35 supernatants to suppress T Cell proliferation, suggesting that
all s uppressive ac tivity i sduet ol L-35and no ot her factors pr esenti nt he s upernatants
(Supplementary Fig. 4). Second, addition of neutralizing murine IL-35 mAb [V1.4H6.25], but not
non-neutralizing [ clone 25806] abr ogates t he ability of m IL-35 ¢ ontaining 293 T g enerated
supernatant to mediate I1L-35 iTg conversion (Supplementary Fig. 4). In addition, quantification
of rIL-35 in 293T generated supernatants was determined using an IL-35-specific ELISA. Our
results suggest that the 293T cells generate approximately 5-10ng/ml recombinant IL-35
(Supplementary Fig. 4). Additional calculations to account for dilution and dialysis into media
appropriate for functional assays indicate that generating iTr35 using our standard conversion

protocol (whereby 25% o ft het otal ¢ ulture v olumei s 293 T-generated | L-35) r equires
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approximately 500-700pg/ml rIL-35.

IL-35 treated murine T.on acquire a regulatory phenotype in vitro. The induction of Ebi3
and ll12a expression was unique to IL-35 treated cells when compared to untreated, rIL-10, rlL-
27 or rTGF treated cells (Supplementary Fig. 5). Following a 3 day treatment with IL-35, cells
express Ebi3 and 1112a but not 1112b, 1127a or 1123a, ruling out any role for IL12, IL23 or IL27 in

the suppressive activity of these cells (Supplementary Fig. 5).

No role for TGF@ in IL-35 iTr conversion or function. To determine the role of TGFp in
conversion, we utilized cells that were unable to respond to TGFB [TGFBR.DN —mice
expressing a dominant negative mutant of the TGFB receptor '] for conversion or as responder
cells. Our results indicate that TGF3 does not mediate the generation of this iTr population nor
mediates their regulatory activity, consistent with their lack of TGFB expression (Supplementary

Fig. 5and 7).

Affymetrix GeneChip microarray analysis of IL-35- and control-treated T¢.,, cells. IL-35-
treated T.on, cells expressed Ebi3 and 1112a mRNA, as determined by qPCR analysis, secrete
IL-35, as det ermined by | P/westernbl ot,ands uppressT ., INS uppression as says
(Supplementary Fig. 10). However, Ebi3 and ll12a were not reliably detected by Affymetrix
GeneChip microarray analysis (Supplementary Fig. 10 and 11). However, not all probe sets on
these arrays work effectively and it is thought that cytokine genes are not effectively detected by
Affymetrix GeneChip m icroarrays. Thus, we cannot pr eclude t he possibility that ot her
molecules w ith poor pr obe s ets m ay i dentify i T35 but w ere not i dentified by A ffymetrix
analyses. S imilar t o pr eviously publ ished anal yses?®, w e per formed a m eta-analysis t hat
compared gene ex pression profiles of T,y cells to Teny in an effort to define a Ty genetic
signature. We then a imedt o de termine w hether IL-35t reated T cells, w hich ac quired
suppressive capacity, would also acquire components of the T4 genetic signature. Five IL-35

treated samples, in parallel with control-treated samples, were compared to T.q and Ty cells.
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Expression of each of the T4 signature genes was scaled from 0 to 1, where a score of 0 was
blue 0.5 was black and 1 was yellow, and the gene scores graphically represented as a heat
map. Our results indicate that both control and | L-35 treated T ..,y Share s ome ex pression
patterns with both T.qg and T cells. However, their expression patterns were nearly identical
to one anot her, s uggesting that modest transcriptional ¢ hanges a re r esponsible f or t he

phenotype observed in IL-35 treated cells.

TGFp is not required for in vivo suppression by iTg35. We used the recovery model of IBD
to further assess the involvement of TGFp in iTg35 function. Purified wild-type or TGFBR.DN

naive T cells were adoptively transferred into Ragl™"

hosts. Following clinical signs of sickness,
mice were treated with iTr35 cells to initiate recovery from IBD. Mice receiving either wild-type
Teonv Cells or cells that were unable to respond to TGFB (TGFBR.DN) developed IBD to a similar
degree, as determined by weight |oss and hi stological anal ysis ( Supplementary Fig. 14). I n
addition, i Tr35 cells were equally capable of curing IBD caused by wild type and TGFBR.DN
(Supplementary Fig. 14). T his suggests that TGFp is not required for suppression by iTg35 in

Vivo.

Teg-mediated suppression generates iTg35. To determine whether nT 4 or suppressed Teony-
derived IL-10 or IL-35 was required for the generation of the regulatory suppressed Tgony
population, we assessed the proliferative and s uppressive capacity of suppressed T.,,, purified
from nT eg:Teonv CO-cultures in which only one po pulation was mutant. Interestingly, IL-35 from
both c ell t ypes w as r equired t o i nduce c onversion, as det ermined by t he failure t o ac quire
hyporesposiveness and suppressive capacity (Fig. 5d-f). Real time PCR analysis demonstrated
that the absence I1L-35 production by the suppressed T (due to the use of Ebi3™ or 1112a™~
Teonv) Significantly reduced expression of the non-targeted partner chain (eg. ll12a expression in
Ebi3™ T.ony), implicating the presence of a positive autocrine loop in which the induction of IL-35

by suppressed T ..y is potentiated by its own production (Supplementary Fig. 17). H owever,
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nT.g-derived IL-35 is s till required t o initiate t his process as Ebi3™ NTegs cannot m ediate
conversion. In contrast to the requirement for IL-35, nT - but not suppressed T o -derived IL-
10 was necessary to mediate conversion (Fig. 5d-f). This suggested that IL-10 may be required
for the conversion mediated by nT.g, but that once converted, suppressed T., may be
capable of suppressing responder T, cell proliferation in the absence of IL-10. These data
are consistent with the lack of IL-10 and TGFB expression in suppressed T, revealed by

gPCR (Supplementary Fig. 16).

Previous studies and data presented here demonstrate that short-term exposure to IL-35 but
not IL-10 can mediate i Ty conversion®*. Fur thermore, IL-10 does not induce Ebi3 and Il12a
MRNA expression (Supplementary Fig. 5). We tested the possibility that IL-10 served to
augment or potentiate the generation of iTr35 T cells cultured with IL-35 and IL-10. As
shown pr eviously, | L-35,but not IL-10t reated c ells, ac quired s uppressive ¢ apacity
(Supplementary Fig. 16). However, at suboptimal concentrations of IL-35, exogenous IL-10

could potentiate conversion of iTr35.

iTrR35 contribute to the regulatory milieu in vivo. Following reconstitution, B16 melanoma
cells were inoculated into mice, solid tumors resected 15-17 days post-transferand T ,,, and
Tregs purified on the basis of congenic markers from spleens and tumors. As previously shown,
both Ebi3 and Il12a (p35) are expressed in Trgs, but not Teen, splenic T cells (Supplementary
Fig. 17). Tumor infiltrating wild type T,.gs and T o cells had significantly increased expression
of both Ebi3 and 1112a, as previously shown. Also noteworthy is the fact that unlike the wild-type
CD4'Foxp3~ cells which upr egulate both Ebi3 and 1l12a expression, C D4*Foxp3~ cells f rom
Ebi3™" mice fail to upregulate 1112a expression. This suggests coordinated expression of Ebi3

and ll12a, the two components of I1L-35.

Discussion. iTr35 cells represent a new member of the regulatory T cell family. iTgr35 can be

generated with a single, short term TCR stimulation in the presence of IL-35 (murine - 3 days;
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human — 6 days) unlike other i Tr populations described previously, TGFf iTg and IL-10iTg,
which require longer conversion protocols, multiple cell types and/or additional molecules for

®.iT &35 induction is i ndependent of Foxp3 e xpression and does not

optimal g eneration® *
require the other key suppressive cytokines, IL-10 or TGF[, for conversion (Supplementary Fig.
17). S ingle c ell anal ysis of hu man i Tg35 by i ntracellular ¢ ytokine s taining and ¢ onfocal
microscopy s uggests that | L-35, but no t ¢ ontrol pr otein, t reatment i nduces hom ogeneous
expression of | L-35i nhum an C D4" T, cells( Fig. 1) . Whether ex pression r emains
homogeneous in differing in vivo inflammatory situations, or with murine iTg35 remains to be
determined. nT.s,-mediated suppression in vitro and perhaps in vivo may orchestrate t he
conversion of T ., intoiT 35w ithint he s uppressed T, population, as ev idenced by

expression of |L-35, induction of hyporesposiveness and ac quisition of a regulatory phenotype
(Fig. 5). These cells also ac quire the Fox p37/Ebi3*/1112a*/11107/Tgfb™ iTr35 signature. T he
generation of iTr cells within suppressed T requires IL-35 and, to a lesser extent, IL-10. IL-
10 may directly potentiate iTr35 generation by IL-35 producing T4 Or it may simply slow down
Teony activation and/ or p roliferation t hus i ndirectly f acilitating i Tr35 ¢ onversion. | mportantly,
iTr35 are potently suppressive in a variety of in vitro and in vivo models. In addition, our studies

with B16 melanoma suggest that iTg35 can be generated in vivo and may be s table, although

this will require further study.
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Supplementary Methods

Mice. Ebi3™ mice (C57BL/6: now 100% C 57BL/6 by m icrosatellite a nalysis per formed by
Charles River) were initially provided by R. Blumberg and T. Kuo. Foxp3°® mice (C57BL/6: now
100% C 57BL/6 by m icrosatellite anal ysis) were provided by A. Rudensky and V . K uchroo.
Foxp3™ were provided by J. Ihle with permission from A. Rudensky. 11107~ mice were provided
by T. Geiger. TGFBR.DN, I112a”-, Rag1l™", C57BL/6 and B6.PL mice were purchased from the
Jackson Laboratory. A Il animal ex periments were performed in American Association for the
Accreditation of Laboratory Animal C are-accredited, s pecific-pathogen-free facilities in the St.
Jude A nimal R esource Center following national, s tate and i nstitutional g uidelines. A nimal
protocols were approved by the St Jude Animal Care and U se Committee.  Trichuris muris
infection experiments were performed at a s pecific pathogen-free facility at the University of
Pennsylvania under Institutional Animal Care and Use Committee (IACUC) approved protocols

and in accordance with the guidelines of the IACUC of the University of Pennsylvania.

Human umbilical cord blood and peripheral blood. Human UCB was obtained from the
umbilical vein immediately after vaginal delivery with the informed consent of the mother and
approved by St. Louis Cord Blood Bank I nstitutional Review Board. Human peripheral blood
mononuclear cells were obtained from apheresis rings obtained from the St. Jude Blood Donor

Center. All use at St. Jude was approved by the St. Jude IRB.

IL-35 mAbs. Recombinant m urine Ebi3 was cloned and ex pressed in a pr oprietary E .coli
expression system by Mike Jones (Shenandoah Biotechnology). E.coli were fermentated and
inclusion bodies produced and refolded. Properly folded protein was purified by size exclusion
and ion exchange, quantitated, sterile filtered through a 0 .2 micron filter and lyophilized. S ix
week old Ebi3™~ mice were given intraperitoneal injections on week zero, three and seven with
50ug of recombinant Ebi3 protein in complete Freunds. Fol lowing an i nitial screen, the mice

with the highest anti-Ebi3 s erum titers were hy perimmunized intravenous 3 day s and 2 da ys
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prior to fusion with 40ug recombinant Ebi3 protein in PBS. The spleens were fused with X63-
Ag8.653 myeloma cells and the clones screened by ELISA for anti-Ebi3 activity using a direct
ELISA with recombinant Ebi3 protein absorbed to an ELISA plate (Jackson Immuno Research,
West Grove, PA) and anti-Ebi3 activity detected with a g oat anti-mouse HRP (Fisher, Hanover
Park, | L). P ositive c lones w ere s ubcloned andr e-screened. S upernatant from c lones
V1.4F5.29, V1.4H6.25, and V1.4C4.22 were purified over protein G Sepharose (GE Healthcare,
Piscataway, NJ). These clones were subsequently screened for cross reactivity to human IL-
35, as well as their capacity to IP, blot, and neutralize bioactivity. Clone V1.4H5.29 cross-reacts
with human EBI3 and was used for probing Western blots. Clone V1.4H6.25 was usedin in
vitro mIL-35 neutralizing studies and clone V1.4C4.22 was used in in vivo mIL-35 neutralizing
studies. Both the p35 and Ebi3 antibodies used are capable of recognizing IL-12 and |L-27,
respectively, by IP however neutralization was IL-35 specific as demonstrated in IL-12 (data not
shown) and IL-27 bioassays (Supplementary Fig. 8). The following additional antibodies were
also used: anti-p35 for immunoprecipitation of murine (clone 45806) (R&D Systems) and human
IL-35 (clone 27537) (R&D Systems). | n addition, clone 27537 (R&D S ystems) was found to
neutralize hlL-35 bioactivity while clone 45806 (R&D Systems) was used as a non-neutralizing
m/h IL-35 mAb control. The Ebi3 antibody, clone 355028 (R&D systems), was used for ELISA

capture.

IL-27 Bioassay. Purified murine T, cells were activated with anti-CD3 and anti-CD28 mAb
(10pg/ml) in the presence of rIL-27 and rlIL-12 (50ng/ml) and neut ralizing anti-IL-2 mAb for 4
days. IL-27 activity was measured by determining IFNy secretion in the presence of anti-IL-35
mAbs V1.4C4.22 and V1.4F5.25 or neutralizing anti-Ebi3 mAb AF1834 or isotype control (R&D

Systems), at a final concentration of 10ug/ml.

mIL-35 ELISA. Anti-mouse Ebi3 (clone 355028 - 2ug/ml) (R&D systems) mAb was coated on

96-well, flat-bottom microtiter plates (Dynatech Laboratories, Franklin, MA) in PBS overnight at
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room temperature. The plates were washed three times with PBS-Tween 20 (0.05%) and then
blocked with PBS+ 1% BSA for 2h at room temperature. The plates were washed, and
standard or 293T cell culture medium was added. After 2h incubation at room temperature, the
plates were washed, then probed with 1ug/ml biotinylated rat anti-mouse p35 (clone 45806 )
(R&D Systems), diluted in PBS + 1% BSA. The plate was incubated at room temperature for an
additional 2h. This was followed by three washes and a 20 minute incubation with streptavidin-
HRP secondary Ab (1/2000 dilution in PBS + 1% BSA; Amersham Biosciences). Plates were
developed with tetramethylbenzidine s ubstrate solution (Pierce) in the dark, for 20 minutes at
room temperature, and the reaction was stopped by adding 50ul of 1 N H2SO4 to each well.
Absorbance was measured with a s pectrophotometer at A450 (Molecular Devices, Sunnyvale,
CA). The | L-35 concentration w as c alculated using a pur ified m urine | L-35:Fc (mlL-35-Fc)

fusion protein generated in NSO cells.

Transfection of HEK293T cells for IL-35 and control protein generation. IL-35 constructs
were generated by recombinant PCR as described’, and cloned into pPIGneo, a pCIneo-based
vector ( Promega) t hat we ha ve m odified t o i nclude an | RES—GFP c assette. A ¢ onstruct
containing Ebi3 and [112a linked by a flexible glycine-serine linker was used for IL-35 generation
and an empty pPIGneo vector was used as a control. HEK293T cells were transfected using 10
mg plasmid per 2x10° cells using TransIT transfection reagent (Mirus). C ells were sorted for
equivalent GFP expression and were cultured for 36 h t o facilitate protein secretion. Dialyzed,
filtered supernatant from cells was used at 25% of total culture medium to induce conversion of

Teonv Cells into iTr35.

Anti-CD3/CD28-coated latex beads. 4uM sulfate latex beads (Molecular Probes) were
incubated overnight at room temperature with rotation in a 1:4 dilution of anti-CD3 +anti-CD28
antibody mix (13.3 pg/ml anti-CD3 ( murine c lone # 145 -2c11, humanc lone# O KT3)

(eBioscience) and 26.6 pg/ml anti-CD28 ( murine ¢ lone # 37. 51, hu man c lone # C D28.6)
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(eBioscience). Beadsw ere washed 3 times with 5mM phosphate buf fer pH 6.5 and

resuspended at 5x107/ml in sterile phosphate buffer with 2mM BSA.

Recombinant IL-35 validation experiments. Beads were generated that presented IL-35 in a
suppressive or non-suppressive format. Neutralizing (for non-suppressive beads - 1 ug clone
27537) (R&D S ystems), non -neutralizing (for suppressive beads - 1 pg clone 25806) or
appropriate isotype controls (human IgG1 or rat 1gG2) mAbs were added to 1ml of IL-35
supernatant or control supernatant and rotated at 4°C for 4h. Protein G beads were added and
rotated for an additional 12-18 h. To ensure the protein was attached to the beads, the beads
were boiled to release bound protein, resolved by SDS-PAGE and probed with anti-Ebi3 mAb.
Both t he beads and p ost| P s upernatant w ere t ested for functional ac tivity inas tandard
suppression assay. To determine suppressive capacity, the panel of conjugated beads were
washed thoroughly in PBS and resuspended in culture media prior to assay. Beads or post IP
supernatant were added cultured with T, in medium containing anti-CD3 + anti-CD28
conjugated beads as indicated for 6 day sAnti-CD3 + anti- CD28 beads were used at a ratio of
1:1 (cell:bead), whereas the IL-35 beads were titrated ina dose dependent manner.
Unconjugated IL-35 supernatant was used as a control. P roliferation was determined by [*H]-

thymidine incorporation.

Flow cytometric analysis, intracellular staining and cell sorting. Ten (CD4"CD25”
CD45RB") and T, (CD4*CD25'CD45RB") cells from the spleens and lymph nodes of C57BL/6
or knockout age-matched mice were positively sorted by FACS. After red blood cell lysis, cells
were stained with antibodies against CD4, CD25 and CD45RB (Biolegend) and sorted on a
MoFlo (Dako) or Reflection (i-Cyt). Cell surface molecules including CD4, CD69, CD25, CD73
(Biolegend), LA G-3, C TLA-4 and C D28 ( BD P harmingen) w ere s tained w ith f luorescently
conjugated mAbs. Flow cytometric analysis was performed as detailed previously’, using a

FACSCalibur (Becton Dickinson). For intracellular staining, human cord T, Were isolated by
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FACS and activated for 9 days with anti-CD3- + anti-CD28-coated latex beads (see generation
below) in the presence of control or IL-35 supernatant as 25% of culture media®. The cells were
purified 9 day s | ater a nd anal yzed f or the ex pressiono fp35. Acellwereused forthe
intracellular s taining. For analysis of intracellular | L-35 p roduction, purified T cells (0.5X10°
minimum) were first activated with PMA (10nM) + ionomycin (10nM) for 5h with brefeldin (1:100)
(BD Bioscience) added for the final 4h of activation. Cells were surface stained with anti-CD4-
Alexa 647 ( Biolegend) pr ior t o i ntracellular s taining. Fi xation and permeabilization was
performed using a proprietary permeabilization buffer, referred to as 8E, a paraformaldehyde-
based reagent developed in the laboratory of Dario Campana (St Jude Children’s R esearch
Hospital). The cells were t hen s tained for i ntracellular IL-35 w ith anti-p35-PE ( clone 27537 )
(R&D Systems) or IgG1 isotype control-PE (R&D Systems clone #11711) for 30 minutes at 4°C
and analyzed by flow cytometry. S amples were analyzed on a FACSCalibur using Cell Quest

software (BD Biosciences). FlowJo 5.7.0 software was used for data analysis.

Murine iTgr35, suppressed Tcony, Suppressive Teq and TGFB iTg. Purified murine T, cells
from wild-type C57BL/6, Ebi3™" and Foxp3~~ were activated by anti-CD3- + anti-CD28-coated
latex beads inthe presence of v arious c ytokines t o fori Tr conversion pr otocols. C ulture
medium from control or IL-35 transfected 293 T cells (dialyzed against media and filtered) was
added to cultures at 25% of total culture volume as the source of control or IL-35 protein in the
generation of murine iTr35°. Where indicated, recombinant IL-10, TGFB, or IL-27 was added at
100ng/ml to compare cytokine activity of IL-10, TGFp, or IL-27 to IL-35. Cells were cultured for
72 hours and re-sorted for proliferation, suppression or in vivo functional assays of iTr35
activity. T o generate suppressed Tc,ny, and suppressive T g, purified T, cells were activated
in the presence of anti-CD3- + anti-CD28-coated latex beads and wild-type or knockout T,egs (as
indicated) for 72 hour s. Suppressed T c,ny @and suppressive T g5 from the co-culture were re-

sortedont he bas is o fc ongenic m arkers or C FSE | abeling and u sed for phenot yping,

11
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proliferation, suppression or in vivo functional assays of activity. For TGF[ iTr cell conversion,
5ng/ml TGFB was added to cultures containing T, and anti-CD3- + anti-CD28-coated beads
and cells were incubated for 5 days prior to analysis. In indicated assays, 100ng/ml neutralizing
anti-IL-10 antibody (clone JES5-2A5, BD Bioscience) or neutralizing TGFB (Invitrogen) were

added to during conversion or subsequent suppression assays.

Human IL-35 suppression and iTg35 conversion. Human umbilical cord samples were
provided by Brandon Triplett, Donna Regan, Michelle Howard and Melissa McKenna at the St.
Louis Cord Blood Bank. Human peripheral blood was obtained from apheresis rings obtained
from the St. Jude Blood Donor Center. Mononuclear cells were separated on Fi coll gradient
and T qny @and T o4 cells w ere pur ified by FACSont he bas is o fan ti-CD4 and an ti-CD25
expression (Biolegend). Anti-CD45RA was added as an addi tional marker to purify T ., and
Teg from p eripheral bl ood. P urity of pu rified popul ations w as verified us ing an i ntracellular
Foxp3 staining kit (eBioscience). Tgny cells were cultured in X-vivo medium supplemented with
20% hum an s era (Lonza) and 100uni ts/ml human | L-2 and activated by anti-hCD3- + a nti-
hCD28-coated latex beads (bead conjugation described above). Human IL-35 was generated
as described f or m urine IL-35 8. S uppression o f T, cell pr oliferation by | L-35, ¢ ontrol
supernatant, or activated T4 Was determined by titrating suppressive factor into the culture.
Culture medium from control or IL-35 t ransfected 293T cells ( dialysed ag ainst media and
filtered) was added to cultures at 25% of total culture volume as the source of control or IL-35
protein in the generation of humaniTr35. Cells were cultured for 9 days and re-sorted for
proliferation and suppression assays to assess iTr35 activity. To assess iTr35 activity, iTr35
cells were cultured with their own human T, cells at ar atio of 4:1 (Teonv:SUppressor). T cony
cells were activated in the presence of anti-hCD3- + anti-hCD28-coated latex (as indicated) for
6 days, and the ability of human T, to proliferate in presence of iTg35 was assessed by [3H]-

incorporation for the final 8h of the incubation period.
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For use in suppression assays with iTr35, T .n cells were stored frozen and t hawed prior to
use. For freezing, purified T, were washed three times in X-vivo medium with no additives.
The pellet was resuspended in 0. 5ml m edium containing 10% DMSO and 20% human sera.
The cells were immediately transferred to nalgene freezing box containing ethanol and stored in
-80°C for minimum of 4h but no longer than 12h. Cells were then immediately transferred to
liquid nitrogen and remained there until use in suppression assays. Tgn Were removed from
liquid nitrogen immediately thawed at 37°C. The cells were then transferred to 10ml conical tube
and media added drop wise, while mixing the cells gently. The cells were washed three times,

and viability was determined by trypan blue dye exclusion prior to use in suppression assays.

Confocal microscopy. iTgrcontrol and i Tr35 were generated from human T, sorted from
cord blood as described above. Purified cells were plated onto a Poly-L-lysine-coated
chambered coverglass (Nunc) and c ultured for 4 h at 37°C. Fol lowing incubation, cells were
fixed with 4% methanol-free formaldehyde (Polysciences Inc) for 15 min at room temperature,
followed by per meabilization in P BS containing 0.2% Triton-X-100. C ells were s ubsequently
washed 3 t imes prior to incubation for 1 h i n PBS containing 3% B SA and 5% normal goat
serum. Following incubation in blocking solution, cells were stained overnight at 4°C with anti-
human | L12A ( p35) or i sotype c ontrol an tibodies ( R&D S ystems) d irectly conjugated t o
phycoerythrin.  The ac tin c ytoskeleton w as det ected w ith A lexa 488 -conjugated phal loidin
(Molecular Probes) and nuclei were labeled using DAPI (Molecular Probes). Cells were washed
with PBS, and imaged using a Zeiss inverted spinning disc confocal microscope and Slidebook

acquisition and analysis software (Intelligent Imaging Innovations).

Cytokine analysis. Murine iTrcontrol and iTr35 were generated as described above. P urified
cells were cultured for 72 h in the presence of anti-CD3- + anti-CD28-coated latex beads. Cell
culture supernatants were harvested and analyzed for secretion of soluble factors. A Mult-plex

Milliplex bead based analysis (Millipore) was used to simultaneously quantitate secretion of 26
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different cytokines/chemokines.

RNA, cDNA and quantitative real-time PCR. Purified T ¢, from C 57BL/6 or a ge m atched
knockout mice w ere t reated as i ndicated. R NA w as i solated us ing t he Q iagen microRNA
extraction kit following the manufacturer's instructions. RNA was quantified
spectrophotometrically, and cDNA was reverse-transcribed using the cDNA archival kit (Applied
Biosystems) following the manufacturer's guidelines. TagMan primers and probes were
designed with PrimerExpress software and were synthesized in the St Jude Hartwell Center for
Biotechnology and Bioinformatics. The cDNA samples were subjected to 40 cycles of
amplification in an A Bl Prism 7900 S equence Detection S ystem i nstrument ac cording to the
manufacturer’s pr otocol. Q uantification of r elative m RNA ex pression was de termined by the
comparative C T ( critical t hreshold) m ethod as des cribed in the A Bl U ser B ulletin num ber 2
(http://docs.appliedbiosystems.com/pebiodocs/04303859.pdf), whereby the amount of target
mRNA, normalized to endogenous [-actin, B-glucoronidase o r ¢ yclophillin ex pression, i s

determined by the formula 2247,

Immunoprecipitation and Western Blotting Immunoprecipitation and i mmunoblotting were
performed as pr eviously des cribed®>*. T ¢, T reg and s uppressed T ¢, Were purified f rom
spleens or tumors of mice, as indicated. iTrcon and iTg35 were generated as described above.
All ¢ ells were c ultured for 24 hand culture s upernatants collected for anal ysis. Toal |
supernatants, | ysis buffer containing 0. 1% Tween 20, 50 m M HEPES, 150 m MNaCl, 1m M
EDTA, 2.5 mM EGTA, and 1 complete protease inhibitor tablet (Roche, Indianapolis, IN) per 50
ml lysis buffer, was added. Supernatants were immunoprecipitated with anti-mouse 1112a (p35 -
clone 45806) (R&D S ystems) and Protein G -sepharose beads . | mmunoprecipitates w ere
resolved by S DS-PAGE ( Invitrogen Li fe Technologies), and bl ots were pr obed w ith a

biotinylated monoclonal anti-mouse Ebi3 antibody V1.4F5.29. Blots were developed using ECL

(Amersham Biosciences) and autoradiography.
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In vitro proliferation and suppression assays. To determine proliferative capacity of cells
generated as described above, 2.5x10* cells were activated with anti-CD3- + anti-CD28-coated
latex beads for 72 h. Cultures were pulsed with 1 mCi [°H]-thymidine for the final 8 h of the 72 h
assay, and were harvested with a P ackard Micromate cell harvester. Counts per minute were
determined us ing a P ackard M atrix 96 di rect c ounter ( Packard B iosciences). S uppression
assays were performed as described previously with some modifications®. Cytokine treated
Teonv Cells or suppressed T .y SUppPressive capacity was measured by culturing 2. 5%x10% Teony
cells with anti-CD3- + anti-CD28-coated latex beads and 6.25x10° suppressor cells (see figures)
(4:1 r esponder: s uppressor r atio). C ultures were pul sed and har vested as des cribed for
proliferation assays. Transwell™ experiments were performed in 96-well plates with pore size
0.4uM (Millipore, Billerica, MA). Freshly purified “responder” Teonv (5x10%) were cultured in the
bottom chamber of the 96-well plates in medium containing anti-CD3- + anti-CD28-coated latex
beads. iTr35 or control treated T.. in medium with anti-CD3- + anti-CD28-coated latex beads,
were cultured in the top chamber. After 64 h in culture, top chambers were removed and [°H]-
thymidine was added directly to the responder T, cells in the bottom chambers of the original
Transwell™ plate for the final 8 h of the 72 h assay. Cultures were harvested as described for

proliferation and suppression assays

Affymetrix analysis of genetic signature. iTrcontrol and i Tr35 generation was verified by
gPCR analysis of Ebi3 and Il12a expression as well as IL-35 secretion by immunoprecipitation
and western blotting. RNA was extracted and quality was confirmed by UV spectrophotometry
and by analysis on an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Total
RNA ( 100 n g) w as processed i n the Hartwell Center for B iotechnology & B ioinformatics
according to the Affymetrix eukaryote two-cycle target |abeling protocol. Biotin labeled cRNA
(20pg) was hybridized overnight at 45°C to the Mouse-430v2 G eneChip ar ray, which

interrogates more than 39,000 transcripts. After staining and washing, arrays were scanned and
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expression values were summarized using the default parameters within MAS5 algorithm as
implemented in the GCOS v1.4 software (Affymetrix, Santa Clara, CA). Signals were normalized

for each array by scaling to a 2% trimmed mean of 500.

Nine T4 sSamples, 3 of which were activated and 6 resting, were compared to 9 T, Samples, 3
of w hich were ac tivated andt he remaining 6 r esting. These s amples w ere ar rayed on

Affymetrix U133 plus 2 arrays and MAS 5.0 signal data was collected and log-start transformed
to stabilize the variance. T tests were applied to each probeset. Probesets that had a p value <
10e-5, an absolute value log ratio of T.g versus T, Of atleast 3 (log,), and a defined gene
name were selected. Next for each column in the signature plot the mean of that category was
found. If a gene name appeared more than once then the mean data was averaged for that
gene. The scores were calculated by finding the maximum and minimum values for each gene
and then rescaling them from 0 to 1 by the following formula: score 4 = (observed mean 4 —
minimum mean 4)/(maximum mean ¢4 - minimum mean ) for each gene g. These gene scores
were then sorted in des cending order by the Ty Teon log ratio that includes activated and
resting cells and graphed as a Heat map in Spotfire DecisionSite. A score of 0is blue 0.5 is
black and 1 is yellow, intermediate values are shaded on this scale. Magnitude and abundance
plots (MA) and volcano pl ots w ere g enerated using S TATA/SE 11. 0 ( College S tation, TX).
Statistical tests and batch effect removal was performed using Partek Genomics Suite (St Louis,
MO). The expression data from the Affymetrix U133 plus 2 arrays was analyzed as MAS 5.0
signal lo g-start t ransformed us ing t he following formula: 1og signal = In ( signal +20). This
transform i mproves data dispersion, nor mality and stabilizes the variance of the data™. T he
small additive factor 20 is approximately the standard deviation of the background and is
sufficient to prevent extreme ratios due to small signal differences at the low end of expression.
The log, ratios are calculated in STATA by the following formula: logratio A over B =

log(exp(mean log signal A)/ exp(mean log signal b))/log(2). Average log signal in the MA plots
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is simply the average of the two means in the logratio: A = (mean log signal A) + (mean log
signal b)/2. The T4 and T,y comparison and the IL-35 treated versus control were corrected
for batch effects. The batch, which was orthogonal to treatment and cell type, was treated as a
variable in an A NOVA model along with the variable of interest. T he partial p v alue for the
comparison of interest was then transformed to generate the significance score: score = -logy
(p-value). This negative |og transform allows the visualization of the differences between p-
values which are not visible on the absolute scale. In the volcano plot the viewer can quickly
see the degree of distinction a given gene may have from the body of data in both the
magnitude o f di fference (log r atio) and t he reliability of t hat difference ( score). P robesets

without a defined gene name were excluded from the graphs.

Assessment of iTg stability in vivo. iTzr35 or TGFp iTg were generated in vitro with CD45.2*
Teonv Cells to facilitate tracking of congenically marked cells. iTg conversion was verified by
qPCR analysis of signature genes (Ebi3 and IL12a for iT 35, Foxp3 for TGFp iTg). 1 0° cells
were adoptively transferred intravenously into CD45.1" C57BL/6 mice. Following 7, 15 or 25
days post-transfer, splenic iTr cell number was determined by flow cytometric analysis of
CD45.2% cells. The p ercentage o ft otal ¢ ells i njected c ompared to the nu mbero fc ells
recovered was used to calculate % recovery. To assess suppressive capacity, freshly purified
Teonv Cells were mixed at indicated ratios (Tqon: suppressor) with recovered iTr cells and anti-
CD3- + anti-CD28-coated latex beads for 72 h. Proliferation was determined by [*H]-thymidine

incorporation.

Foxp3™ rescue model. The Foxp3™ rescue model was performed as described previously".
Briefly, control treated (iTrcontrol), IL-35 treated (iTr35) or TGFp treated (TGFp iTr) cells were
generated from FACS purified Ton from wild type C57BL/6 or Ebi3™~ mice. Cells were injected
i.p. into 2-3 day old Foxp3™ mice. Recovery from disease was monitored weekly and reported

as clinical s core. Fi ve m acroscopic c ategories w ere utilized t o g enerate a 6 poi nt s coring
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system. Mice were scored on the first 4 categories based on whether they showed (score of 1)
or did not show (score of 0) the following c haracteristics: (1) body size runted, (2) tail scaly
and/or with lesions, (3) ears small, scaly with or without lesions, and (4) eyelids scaly and/or not
fully open. The final scoring parameter was monitoring the activity level of the mouse. A score
of 0 was assigned if the mouse was normal. A score of 1 was assigned if the mouse’s activity
was moderately impaired, and a 2 assigned if the mouse was immobile. A combined score of 4
or greater was assigned moribund for longevity''. Mice were euthanized 25 days post-transfer,
spleen and LN cells counted, stained and cell numbers determined by flow cytometry. Lung,
liver and ear pinna were prepared for H &E anal ysis and t he s everity of i nflammation w as
assessed and s cored in a bl inded m anner by an ex perienced veterinary pat hologist. The
scoring s ystem u sed for as sessing i nflammation w as bas edona  simple al gorithm fo r
expressing inflammatory infiltrates in the lungs, liver and ear. The scores allotted to these three
tissues were 0-9, 0-11 and 0-8, respectively, giving a maximum possible total of 28. Scoring
criteria for each organ was as follows. T he lung score was based upon inflammation in the
peribronchiolar region, perivascular region, or interstitium. A score of 0-3 was assigned to each
category with 0 being minimal or no i nflammation, and s cores of 1, 2, or 3 indicative of <10%,
10-50%, or > 50%, respectively. T he liver was s cored based on 3 criteria. Fi rst, was the
degree of portal tract inflammation with a score of 0 assigned to minimal or no inflammation. A
score of 1, 2 or 3 was assigned if inflammation was associated with <25% , 25-75%, or >75% of
the liver portal tracts, respectively. T he s econd criteria related to portal/periseptal i nterface
hepatitis. A focus of interface hepatitis associated with either a few or most of the portal tracts
were scored 1 and 2, respectively. Two or more foci of interface hepatitis surrounding <50% or
>50% ofthe portaltracts or periseptae was scored 3and 4r espectively. T hird, fociof
granulocytes and/or lymphocytes with or without necrotic hepatocytes that expand the sinusoid
were considered foci of inflammation. The number of inflammatory foci in 10 ¢ ontiguous 10x
objective fields was counted and recorded as the average number of foci per 10x field and given
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a score of 0 to 4. A score of 0 was assigned when sinusoidal foci of inflammatory cells was
absent. One focus or less per 10x field, two to four foci per 10x field, five to ten foci per 10x
field and more than ten foci per 10x field was scored 1, 2, 3 and 4 r espectively. The ear pinna
was similarly scored based on 2 parameters; the percent of the ear dermis with inflammatory
infiltrates and the intensity of the dermal inflammation. For percent analysis, a score of 0 was
assigned w hent he i nflammatory c ellsi nal | segments w ere not bey ondt hat o f nor mal
background level. A score of 1, 2, 3 or 4 was as signed when the average percent for the
segments was <25%, 25-50%, 51-75% or >75%, respectively. The intensity of the inflammatory
infiltrate in the dermis was assessed as being of a | oose or dense nature. A score of 0w as
assigned when inflammatory cells in the dermis was not beyond the normal background level.
When all the inflammation was of the loose nature, a score of 1 was assigned. When there was
a mixture of loose and dense inflammatory cell infiltrates a score of 2 was assigned when the
loose form was dominant. A score of 3 was assigned when the dense form was dominant. A
score of 4 was assigned when all of the inflammation was of a dense nature.

T.eg-mediated control of homeostatic expansion. Homeostasis assays were performed as

8, 12

described previously® . Briefly, naive Thy1.1" T, cells were isolated by FACS and used as
“responder” cells in adoptive transfer. Thy 1.2" iTgr35 or suppressed T, Were generated as
described abov e f rom wild-type or Ebi3™ mice and us ed as “ suppressor” c ells i n adopt ive
transfer. Tcony cells (2x1 06) with or without suppressor cells (5x105) were resuspended in 0.5 ml
of PBS plus 2% FBS, and were injected intravenously through the tail vein into Rag1l™" mice.
Mice were euthanized s even days post transfer, and s plenocytes were counted, stained and
analyzed by flow cytometry using antibodies against Thy1.1 and T hy1.2 (BD Bioscience). For
each group, 6-10 mice were analyzed.

Inflammatory bowel disease model. The recovery m odel o f IBD w as us ed, w ith s ome

3

modifications® *. Ragl™ mice were injected intravenously with 4x10° wild-type or TGFBR.DN
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Teonv Cells to induce IBD. Upon clinical signs of disease, approximately four weeks post-transfer,
mice were divided into appropriate experimental groups. Experimental groups received 7.5x10°
iTr35 or control treated T o, by intraperitoneal injection. A ll mice were weighed weekly and
were euthanized 32 days post-transfer (eight weeks after the initial T, transfer). Colons were
sectioned, fixed in 10% neutral buffered formalin and processed routinely, and 4-mm sections
cut and stained with H&E or Alcian blue/Periodic acid Schiff. Pathology of the large intestine
was scored blindly using a s emiquantitative scale of zero to five as described previously™. In
summary, grade 0 was assigned when no changes were observed; grade 1, minimal
inflammatory infiltrates present in the lamina propria with or without mild mucosal hyperplasia;
grade 2, mild inflammation in the lamina propria with occasional extension into the submucosa,
focal erosions, minimal to mild mucosal hyperplasia and minimal to moderate mucin depletion;
grade 3, mild to moderate i nflammation in t he lamina pr opria and s ubmucosa oc casionally
transmural with ulceration and moderate mucosal hyperplasia and mucin depletion; grade 4
marked i nflammatory i nfiltrates ¢ ommonly t ransmural w ith ul ceration, m arked mucosal
hyperplasia and m ucin depl etion, and multifocal crypt necrosis; grade 5, marked transmural

inflammation with ulceration, widespread crypt necrosis and loss of intestinal glands.

MOG EAE disease model. The EAE disease model was performed as described previously'".
Briefly, EAE w as induced w ith M OG35_55 (MEVGWYRSPFSRVVHLYRNGK; produced at St.
Jude Hartwell Center for Biotechnology) by injecting 50 ug of MOG3;5_s5 emulsified in complete
Freund’s adjuvant containing 0.2 mg of H37Ra mycobacterium tuberculosis (Difco Laboratories)
in 50 ul s.c. in each hind flank. 200 ng of Bordetella pertussis toxin (Difco Laboratories) was
administered i.v. on day s 0 and 2 °. Clin ical scoring was as follows: 1, limp tail; 2, hind limb
paresis or partial paralysis; 3, total hind limb paralysis; 4, hind limb paralysis and body/front limb
paresis/paralysis; 5, moribund. In all experiments that involved EAE disease induction 5 mice

per group were used.

20



IL-35-induced Tiegs Collison et al

B16 and MC38 tumor models. For IL-35 expression analyses, Foxp3°® or Ebi3" Foxp3°® mice
were inoculated with B16 melanoma or MC38 colorectal adenocarcinoma cells. The B16
melanoma model was performed as described previously''. MC38 colorectal adenocarcinoma
cells (a gift from Drs. Alan Korman and Mark Selby, Medarex'BMS'® ") were cultured in
DMEM+10% FBS, washed and resuspended in PBS prior to s.c. injection of 2x10° cells on the
right flank. For T cell adoptive transfer experiments using the B16 melanoma model, Rag1™~
mice received indicated cells via the tail vein on day -1 of experiment. Wild type or Ebi3™" naive
CD4'CD25  (9x10%mouse) and C D8 T c ells ( 6x10%/mouse) al one or i n ¢ ombination with
natural T g Or iTr35 cells (106/mouse) were adoptively transferred into mice. B16-F10
melanoma was a gift from Mary Jo Turk (Dartmouth College, Hanover, NH) and was passaged
intradermally (i.d.)in C57/BI6 mice 5 times to ensure reproducible growth. B 16 cells were
cultured in RPMI 1640 containing 7.5% FBS and washed three times with RPMI prior to
injections if viability exceeded 96%. Ragl™ mice were injected with 120,000 cells on the right
flank i.d. B16 tumor diameters were measured daily with calipers and reported as mm? (a? x

)'® . For all experiments, B16

b/2, where a is the smaller caliper measurement and b the larger
tumors were excised at 15-17 days when tumor size was 5-10 mm in diameter. MC38 tumors
were e xcised at 12 day s when tumor size was 5-15 mm in diameter. All tumor infiltrating
lymphocytes (TILs) were isolated by first generating a single cell suspension by teasing tumor
between frosted microscope slides. Lymphocytes were obtained from the 40%/80% Percoll

gradient interface. Ly mphocytes were stained with anti-CD4 and anti-Thy1.1 and ant i-Thy1.2

mAbs as necessary and passed through a 40 um cell strainer prior to cell sorting.

Trichuris muris Infections. Trichuris muris was maintained in genetically susceptible animals
and i solation of Trichuris muris eggs w as per formed as des cribed pr eviously?®. Mice were
infected or ally with 30 em bryonated Trichuris muris eggs and s acrificed on day 14 pos t-

infection. Single cell suspensions from mesenteric lymph node, spleen and combined lamina
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propria + intraepithelial | ymphocyte (LPL+IEL) compartments of the small and | arge intestine
were prepared and s tained with fluorochrome-labeled anti-CD4 antibodies. C D4+ FoxP3" and
CD4" FoxP3 cell fractions were enriched using a FACS DIVA cell sorter and subject to mRNA

isolation and Real Time PCR analysis as described above.

Statistical Analysis. Statistical significance was determined in all figures using an unpaired T
test unless otherwise noted in figure legends. In select figures (where noted in legends)
statistical anal ysis was determined us ing Wilcoxon m atched pairs test. A |l s tatistics were

determined with GraphPad Prism software (San Diego, CA).
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Supplementary Figure 1: Purity of human T,,, Human T, and T, were purified from umbilical cord blood by
FACS based on cell surface expression of CD4 and CD25. Purified cells were subsequently fixed, permeabilized
and stained for FoxP3. Representative profiles of cord blood purification (a) Foxp3 expression in CD4* cells gated
on CD25" (top panel) or CD25 (bottom panel).



Supplementary Figure 2

a b
—e—|L-35 W=Treg
——|L-35+ntIL10 —e—IL-35+ nt TGFf —&— control SN =@— T,,,,+ control
—o—|L-35 + isotype —e—IL-35+ nt IL-35 =9~ IL-35 SN =-@— T.onvt IL-35

-25

N
d

(=)

=

25+

% Suppression
% suppression
N
o

50+

a
(=]

75 1 1 75 1 1 1

J g t i T T T T f
1:64 1:32 1116 18 14 IL-35% of SN: 31 6.2 12,5 25

TeonviTreg * 1611  8:1 4:1 2:1
—#-1L-35SN d ——IL-35SN
C =@- IL-35 non-neutralizing beads =@~ Post IP SN from non-neutralizing beads

=il IL-35 neutralizing beads =i~ Post IP SN from neutralizing beads
—— IL-35 isotype beads —h— Post IP SN from Isotype beads

% suppression
% suppression

40 ] ] [l
T

1 1
164 132 116 18 1.06 312 625 125

Ratio of IL35 beads:T oy % of total volume as SN

Supplementary Figure 2 : IL-35 suppressive capacity and validation of human IL-35 SN.

(a) Teony cells were activated in the presence of IL-35 or control supernatant, at 25% of total culture volume.
During conversion with cytokines, suppression assays were supplemented with neutralizing IL-10, TGFp, or IL-
35. Following conversion, cells were cultured with freshly purified T, at indicated ratios and suppressive
capacity determined. Data represents an average of 5 independent experiments done in duplicates. The p
values comparing IL-35 neutralizing antibody compared to IL-35 only were significant at all concentrations and
ranged between 0.002-0.04 (b) T,,, sorted from cord blood were activated in the presence of IL-35 SN, control
SN , in vitro expanded Tregs, iTg35 and iTgcontrol and proliferation determined by [*H]-thymidine incorporation.
Data represents an average of 3 independent experiments done in duplicates. The p values ranged between
0.144-0.166 at all concentrations for the suppression capacity of iTg35 compared to in vitro activated Tregs. (c-d)
Isotype control, neutralizing Ab, and non-neutralizing Ab were incubated with IL-35 SN or control SN and IL-12a
and then coupled with protein G beads.(c) The protein G coupled beads were then incubated with T, cells
activated in presence of a CD3 and a CD28. Data represents an average of 4 independent experiments done in
duplicates. The p values were significant (0.0072-<0.0001) between IL-35 SN and IL-35 neutralizing beads at all
concentrations except 1:64. The p values (0.5-0.91) at all concentrations were not significant between IL-35 SN
and IL-35 non neutralizing beads. (d) IL-35 depleted SN (noted as post IP SN) was also cultured with T, cells
to demonstrate loss of IL-35 activity. Counts per minute of T, cells activated alone were 76,000-430,000 (a)
11,000-293,000 (c). Data represents an average of 4 independent experiments done in duplicates. The p values
were significant at all concentrations, except for 1.08, for IL-35 SN and Post IP SN from non neutralizing beads
(0.01-0.0013) and IL-35 SN and Post IP SN from neutralizing beads (0.018-<0.0001). IL-35 SN was used as a
control throughout.



Supplementary Figure 3

a

=@~ control -@-IL-35
=&— control + isotype =ill-IL-35 + isotype

2
=2

2

% Suppression

5

25+

75—

®

Relative EBI3 Expression

(o]

Relative IL12A Expression

Relative EBI3 Expression

% Suppression
N
[,
'l

13
O

(=3

5

0

1
16:1 8:1 4:1 21

Tconv: SUPpressor ratio

=8- control
=4~ control + nt IL-10

=@~ IL-35
=@—L-35 + nt IL-10

H
6411 3211 161 8:1 4:1 21

T conv: SUPPressor ratio

n

20+ | *
15+
10+
5+
0-
iTgcontrol iTR35
30
| *
204
10+
E
iTgcontrol iTR35
10+ | 1
*
5- -_i
0+

iTgcontrol iTR35

% Suppression

% Suppression

=

Relative IL12A Expression

Relative TGFp Expression

Relative IL10 Expression

=@~ control =@-IL-35

=&— control + nt TGFB —@—IL-35 + nt TGFp

1 1 i 1
16:1 8:1 4:1 2:1

64:1 321
T conv: SUPPressor ratio
—@- control -@-1L-35

—o—control + ntIL-35 =@=IL-35 + nt IL-35

N
n

t t
32:1  16:1 8:1 4:1 2:1

Tconv: SUPPressor ratio

»n
o
1

-
o\
1

-
o
1

a
1

o
1

25

ﬁs

iTgcontrol iTR35

29

204

15+

104

ﬁs

iTgcontrol iTR35

N

N
o
1

-
o
1

-
o
1

o
1

I

o
I

iTgcontrol

iTR35

Supplementary Figure 3: IL-
35 is sufficient and required
for generation of human
iTg35. (a-d) Human T, cells
were activated in the presence
of IL-35 or control SN at 25% of
total culture volume. Following
conversion with cytokine,
suppression  assays  were
supplemented with neutralizing
mAbs against IL-10, TGFp, or

IL-35 to assess their
requirement for indicated
cytokines to mediate

suppression. Only the addition
of IL-35 neutralizing antibody
resulted in loss of suppressive
capacity (p values ranging from
0.0003-0.0066 at all
concentrations except at 1:64).
(e-j) Human control or IL-35
treated cord blood (e-h) or
PBMC-derived (i-j) T, cells
were generated by 9 day
culture with either control or IL-
35 SN. Following conversion,
RNA was isolated, cDNA
generated and gPCR analysis
performed. Relative  EBIS3,
IL12A, IL10  and  TGFB
expression. Data represent the
mean + SEM of 3 independent
experiments. [* p < 0.05, NS =
not significant]
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Supplementary Figure 4: SN-derived murine IL-35 is suppressive and specific. (a) IL-35 SN was titrated, in
combination with the indicated isotype control or neutralizing antibodies, into a suppression assay with freshly
purified murine T, cells. The data represents an average of three experiment done in duplicates. The addition of
IL-35 neutralizing antibody resulted in loss of suppressive capacity (p values ranged between <0.0001-<0.0032).
(b) Control or IL-35 SN was cultured with isotype or anti-p35 coupled Protein G beads. Following
immunoprecipitation, post-IP SN (or freshly generated SN) was added to suppression assays, as described in a, to
determine suppressive capacity. Proliferation was determined by [3H]-thymidine incorporation. Counts per minute of
Teony C€lls activated alone were 21,000-64,000 (a) 14,000-38,000 (b). Data represent the mean + SEM of 3-5
independent experiments. (c-d) ELISA quantification of IL-35 in control and IL-35 transfected 293Ts. Concentration
was determined using mlL-35:Fc chimeric protein (c). Average IL-35 detected in 5 independently generated 293T
transfectants (d).



Supplementary Figure 5
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Supplementary Figure 5: IL-35
treatment, but not control, IL-
10, or TGFB induces IL-35
expression (a) Murine T, cells
were activated in the presence of
control or IL-35 SN for 72 h.
Following conversion, RNA was
isolated, cDNA generated and
gPCR analysis performed to
determine relative expression of
Ebi3, [112b, 1l12a, ll27a, and
l123a. (b) T, purified by FACS
from C57BL/6 mice were treated
with indicated cytokines for 72 h
in the presence of anti-CD3 +
anti-CD28 coated latex beads.
RNA was extracted and cDNA
generated from purified cells.
Relative Ebi3, p35, IL-10 and
TGFB expression. Data
represent the mean SEM of 3-5
independent experiments. [* p <
0.05, ** p < 0.005, NS = not
significant]



Supplementary Figure 6
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Supplementary Figure 6: Treatment with mIL-35 and TGFp, but not control cytokines, renders murine
T cells hypoproliferative and suppressive. Wild-type murine T, cells were activated in the presence of
indicated cytokines at 25% of total culture volume for SN and 100ng/ml for recombinant cytokines. (a)
Following treatment with cytokines, proliferative capacity was determined by activating cells with anti-
CD3/anti-CD28 coated latex beads. Cultures were pulsed with [®H]-thymidine for the final 8 h of a 72 h assay.
(b-c) Following cytokine treatment, cells were cultured at a 4:1 ratio in suppression assays with freshly
purified T, cells to determine suppressive capacity. Proliferation was determined by [®H]-thymidine
incorporation. 3 experiments with similar cpm are depicted in b. Average % suppression for all data sets in c.
Counts per minute of T, cells activated alone were14,000-29,000 (c). Data represent the mean + SEM. of 3
independent experiments. [* p < 0.05, ** p < 0.005, NS = not significant]

Supplementary Figure 7
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Supplementary Figure 7. TGFp is not required for conversion or function of murine iTz35. iTg35 from
wild-type C57BL/6 (WT) or TGFBR.DN mice were activated in the presence of IL-35, at 25% of total culture
volume, for 72 h to generate suppressive cells. Cells were re-purified and mixed at 4:1 ratio (T,
suppressor) with T, from WT or TGFBR.DN mice and proliferation was determined. Counts per minute of
Teony Cells activated alone were 24,000-51,000. Data represent the mean + SEM of 4 independent
experiments. [NS = not significant]



Supplementary Figure 8
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Supplementary Figure 8: IL-27 bioassay demonstrates that anti-Ebi3 mAbs V1.4C4.22 and V1.4F5.2
are IL-35 specific. Purified murine T, cells were activated with anti-CD3 and anti-CD28 mAb in the
presence of rlL-27 and rIL-12 (50ng/ml) and neutralizing anti-IL-2 mAb. IL-27 activity was measured by
determining IFNy secretion in the presence of anti-IL-35 mAbs V1.4C4.22 and V1.4F5.25 or neutralizing anti-
Ebi3 mAb AF1834, at a final concentration of 10ug/mil.



Supplementary Figure 9
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Supplementary Figure 9. IL-35 treated cells do not express or require Foxp3 for murine iTR35 conversion. (a)
T.onv purified by FACS from Foxp39% mice were activated with anti-CD3 + anti-CD28 coated latex beads in the
presence of control protein (top left panel) IL-35 (top right panel) for 3 days or under Th3 inducing conditions (bottom
right panel) for 5 days. Foxp3 induction was monitored and compared to that of purified natural T4 (b-c) Murine
control or IL-35 treated T, cells were generated from 3 week old wild type or Foxp3-- T, cells. (b) RNA was
isolated, cDNA generated and gPCR performed to determine Ebi3 and //12a expression. (c) IL-35 treated T.,,, from
wild type or Foxp3~- were mixed at indicated ratios (T, suppressor) with freshly purified T.,,, and anti-CD3- + anti-
CD28-coated latex beads for 72 h. Proliferation was determined by [3H]-thymidine incorporation. Counts per minute of
Te.ony Cells activated alone were 23,000-37,000 (c). (d) Homeostatic expansion was monitored by i.v. injection of
Thy1.2* T, cells alone or with Thy1.1* Foxp39® (wild type or Ebi3--) iTgcontrol or iTg35 cells (as regulatory cells) into
Rag1-- mice. Seven days after transfer, Foxp39® induction was monitored in iTgcontrol or iTg35 cells by flow
cytometry. Data represent the mean + SEM of 3 independent experiments. [NS = not significant]
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Supplementary Figure 10:

Validation of the IL-35 treated
Teonv cell phenotype. Murine T,
cells were cultured with control or
IL-35 protein and anti-CD3- + anti-
CD28-coated latex beads for 72 h.
IL-35 production was determined by
(a) Relative Ebi3 (left panel) and
I112a (right panel) mRNA
expression. (b) Immunoprecipitation
and Western blotting after thorough
washing and culture for an
additional 24 h. Two representative
blots are shown. (c) T.,,, cells were
mixed at indicated ratios (T.y.:
suppressor) with cytokine treated
Teony @nd anti-CD3- + anti-CD28-
coated latex beads for 72 h.
Proliferation was determined by
[BH]-thymidine incorporation.
Counts per minute of T, cells
activated alone were 19,000-44,000
(c). Data represent the mean
SEM of 3-5 independent
experiments. [* p < 0.05, *™ p <
0.005, *** p < 0.001]
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Supplementary Figure 11: Affymetrix analyses of control and IL-35
treated T_,,,. Murine T, cells were cultured with control or IL-35 protein
and anti-CD3- + anti-CD28-coated latex beads for 72 h. Analyses of these
samples, compared to freshly purified T, or T,y Was determined. (a-b)
Magnitude and abundance plots (MA plots) show the relative change in
expression on the y axis by the logratio of (a) Ty vs over T.,,, and (b) IL-35
treated cells over control treated cells compared to their average log signals
on the x axis. (c) A horizontal volcano plot visualizing the magnitude of
change between T, and T, for each probeset on the microarray. The
log2ratio of T4 over T, expression for each probeset is on the y axis and
the significance score on the x axis is the —log10(p value) (d) A horizontal
volcano plot comparing IL-35 and control treated T, cells (e) A heat map
comparing the mean expression of 52 genes that differentiate T4 from T,
cells. The relative score from 0 to 1 is plotted as blue if zero, black if 0.5 and
yellow if 1. Intermediate values are shaded. Data represent at least 5
independent experiments.



Supplementary Figure 12
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Supplementary Figure 12: Murine iTgcon and iTg35 express similar levels of cell surface and secreted
molecules. iTgcontrol and iTg35 were generated by 3 day culture with control or IL-35 SN at 25% of total cell
culture volume. (a) Murine T, cells were cultured with T, and anti-CD3- + anti-CD28-coated latex beads
for 72 h. Following culture, suppressed Tconv and suppressive Tregs were re-purified for comparison to T,
Treq ITreONtrol, and iTg35. (a) All cells were stained with indicated antibodies and frequency of expression was
determined by flow cytometric analysis. (b) Cells were cultured for 24 h and supernatants collected and
analyzed for indicated soluble factors by Milliplex analysis.  Data represent the mean + SEM of 4-6
independent experiments. [* p < 0.05, NS = not significant]



Supplementary Figure 13
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Supplementary Figure 13: Murine iTg35 are suppressive in vivo. (a-d) Control treated (iTgcontrol), IL-35
treated (iTg35) or TGFp treated (TGFp iTg) cells were generated from FACS purified T, from wild type
C57BL/6, Ebi3- or ll112a~- mice. Cells were injected i.p. into 2-3 day old Foxp3~- mice. Recovery from
disease was monitored and reported by reduction in (a) lymph node CD4* T cell number as determined by flow
cytometric analysis (b) lung histological score (c) liver histological analysis (d) skin histological analysis. To
induce IBD, Rag71-- mice received T, cells via the tail vein. After 3—-4 weeks, mice developed clinical
symptoms of IBD and were given iTgcontrol or iTg35 cells. Rag7~- mice received CD4*CD25-CD45RB" T,
cells with or without indicated T4 cells via the tail vein. After 8 weeks, histological sections of representative
colons from each group were stained with H&E. Representative iTRcontrol cell transfer (images 1-3) or iTg35
cell transfer (images 4-6). (f) Rag7~— mice received indicated cells via the tail vein on day -1 of experiment. On
day 0, the mice were injected with 120,000 B16 cells i.d. in the right flank. Tumor diameter was measured daily
for 15 days. Primary tumors were excised and mice received a secondary challenge tumor on the left flank and
tumors were measured daily. Mean tumor size at all timepoints was statistically significant between groups
receiving CD4 + CD8 and CD4 + CD8 + iTg35. iTgcontrol or iTg35 were generated from FACS purified T,
from C57BL/6 or Ebi3" (Thy1.2) or B6.PL (Thy1.1) mice. (g) Homeostatic expansion was monitored by i.v.
injection of Thy1.1* T, cells alone or with Thy1.2* iTgcontrol or iTg35 cells (as regulatory cells) into Rag7--
mice. Mice were given anti-IL35 neutralizing mAb or isotype control via intraperitoneal injections on day 0
(500pg/mouse), day 3 (250ug/mouse), and day 6 (250ug/mouse). Seven days post-transfer, the number of
splenic Thy1.1* target T.,,,, were determined by flow cytometry. Data represent the mean + SEM of 5-12 mice
per group from at least 2 independent experiments. [* p < 0.05, ** p < 0.005, *** p < 0.001, NS = not significant]
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Supplementary Figure 14: TGFp is
not required for murine iTz35
mediated suppression in vivo. IBD
""" was induced by injecting Rag7-- mice
" with wild type or TGFBRDN T, cells
via the tail vein. After 3—4 weeks, mice
developed clinical symptoms of IBD and
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Supplementary Figure 15
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Supplementary Figure 15: Murine iTg35 stability in vivo. iTgcontrol or iTz35 were generated with CD45.2
murine T, cells and transferred into CD45.1 mice. At indicated times, CD45.2 cells were recovered from
spleens of mice by FACS purification. (a-c) The suppressive capacity of iTgcontrol or iTg35 cells, compared to
freshly sorted T, was determined by [3H]-thymidine incorporation. (d) From cells purified from stability
experiments, RNA was isolated, cDNA generated and qPCR performed to verify expression of key molecules
ascribed to each iTg population, Ebi3 and //12a for iTg35 and Foxp3 and TGFf for TGFp iTg. For comparison,
expression of Ebi3, Il12a, Foxp3, and TGFp in freshly purified T, and T, is also included. Counts per minute of
Teony Cells activated alone were 18,000-69,000 (a-c). Data represent the mean + SEM of 2-3 independent
experiments, with at least 3 mice per experiment. [* p < 0.05, ** p < 0.005, NS = not significant]



Supplementary Figure 16
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Supplementary Figure 16 : Phenotype and requirements for murine suppressed T, cell conversion
and function. (a) T, from Thy 1.2 Foxp39® mice were activated alone, or in the presence of Thy1.1 Tegata
4:1 ratio (responder: suppressor) for 72 h. Induction of Foxp3 expression was determined by flow cytometry.
Data are representative of 2 independent experiments. (b) T, from wild-type C57BL/6, Ebi3~- or ll12a~-
(p35) mice were activated in the presence of wild-type T, at a 4:1 ratio (responder: suppressor) for 72 h.
Following co-culture, suppressed T, were re-purified, RNA was extracted and cDNA generated. Relative
Ebi3, ll12a, 1110 and Tgfb expression. Data represent the mean + s.e.m. of 4-6 independent experiments. (c).
T.on Were activated in the presence of standard concentrations of IL-35 (25% of total volume) and IL-10 or
suboptimal IL-35 and indicated concentrations of IL-10 for 72 h. Cells were purified following conversion and
assayed for regulatory capacity towards fresh responder T, cells via [*H]-thymidine incorporation. Counts per
minute of T, cells activated alone were 24,000-49,000 (c). Data represent the mean + SEM of 4-5
independent experiments. [* p < 0.05, ** p < 0.005, *** p < 0.001, NS not significant]



Supplementary Figure 17
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Supplementary Figure 17: The suppressive T cell mileu in the tumor microenvironment is largely due to
iTg35 . Rag71~— mice were reconstituted with wild type C57BI/6 CD8* T cells and wild type or Ebi3~- T, cells
either with or without wild type T.4,. The following day, all mice were injected with 120,000 B16 cells i.d. on the
right flank. Tumors and spleens were excised after 15-17 days and CD4*Foxp3- and CD4*Foxp3* cells were
purified by FACS, RNA extracted and cDNA generated. (a) Ebi3 (top panel) and //12a (bottom panel)
expression in the spleen (a) and tumor (b) Data represent the mean + SEM of 8-10 mice per group from 3
independent experiments. [* p < 0.05, NS = not significant]

Supplementary Figure 18
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Supplementary Figure 18: Model of iTg35 Induction and Function.



