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FIGURE 8. Suppressive effect of autologous CD25" Tregs on the SMX-NO-induced activation of naive and memory T cells from healthy donors. Naive
(A) or memory (B) T cells were cultured with mature DCs and SMX-NO (50 uM) for 1 wk, with or without autologous CD25" Tregs (2-6 X 10° per well).
T cells were harvested and restimulated with fresh mature DCs and SMX-NO (20-50 wM) for 48 h before measurement of proliferative capacity through
the incorporation of [*H]thymidine. (C) Expression of PD-1, PD-L1, PD-L2, CTLA4, and TIM-3 on autologous Tregs was analyzed by flow cytometry to
identify the propensity for coinhibitory pathways to aid Treg-mediated suppression of SMX-NO-induced T cell responses. Statistical significance between
conditions denotes a significant increase/decrease in proliferative response. *p = 0.05, **p = 0.005, ***p < 0.001.

previous reports citing an increase after 2-3 d (52), we observed a after restimulation. The proportion of naive and memory TIM-3"
slight increase in the percentage of naive T cells expressing cells decreased after initial Ag exposure and restimulation but
CTLA4 between 48 and 72 h after restimulation with SMX-NO. increased toward the end of both the initial culture with Ag
CTLA4 expression on memory T cells was enhanced similarly (priming) and after reexposure (restimulation). This pattern is
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likely used to promote a strong initial response by reducing ex-
pression before increasing it at later time points to prevent a long-
lasting potentially damaging response. This timeline is supported
by two previous observations regarding the TIM-3 ligand,
galectin-9. First, galectin-9 expression is downregulated in the
lymph nodes after immune activation, which is thought to allow
the initial generation of a Thl response (48). Second, the subse-
quent expansion of Th1l T cells results in IFN-y secretion, which,
in turn, upregulates galectin-9 in a negative-feedback loop to
prevent a runaway immune response (53). In naive and memory
cultures, the percentage of TIM-3" cells increased by a similar
amount upon Ag stimulation for CD4" and CD8" T cell pop-
ulations, indicating that TIM-3 regulates all responsive T cells
equally during a drug-derived Ag-specific response. The expres-
sion profiles of PD-1, CTLA4, and TIM-3 paint a complex picture
of regulation, with different receptors regulating different phases
of a response. Specifically, these data show that PD-1 expression is
increased soon after T cell activation and so likely has a more
prominent role in regulation during the initial encounter of T cells
with Ag. In contrast, TIM-3 and CTLA4 may play a more
prominent role during late-stage T cell responses.

Because coinhibitory pathways can function to prevent T cell
stimulation, multiple studies have linked the high expression of
specific coinhibitory receptors to an exhausted T cell phenotype: a
quiescent state characterized by an inability to proliferate and
produce cytokines (54). Previously, we reported that a high pro-
portion of dividing SMX-NO-specific T cells were PD-1%; thus,

PD-1 does not represent a unique marker for exhaustion. However,
similar investigations have not been performed for CTLA4 and
TIM-3. Indeed, assessment of the functionality of PD-1* TIM-3*
tumor-infiltrating T cells found that these cells represented an
exhausted phenotype, whereas other studies reported that TIM-3
expression can identify exhausted T cells in patients with HIV or
hepatitis C virus infection (55, 56). Upon analysis of CD4* and
CD8* T cells, we found that a significant proportion of actively
proliferating cells expressed CTLA4 or TIM-3, as quantified by
CFSE incorporation. In all instances, the proportion of dividing
T cells expressing either receptor was greater than the comparative
proportion of nondividing T cells. Because up to seven different
coinhibitory receptors are expressed on functionally exhausted
T cells during chronic infection (57), our data highlight the im-
portance of not singling out individual receptors as markers of
T cell exhaustion. Moreover, using T cell clones, we demonstrate
that the level of CTLA4 or TIM-3 expression can vary widely
among autologous Ag-responsive cells. Importantly, the level of
expression did not correlate strongly with the strength of the
SMX-NO-specific T cell responses.

Finally, we explored the inhibitory effect of Tregs that expressed
PD-L1, PD-L2, CTLA-4, and Tim-3 by reintroducing autologous
CD25"* T cells into the priming culture in incremental quantities
(200,000, 400,000, or 600,000 Tregs). The stimulation of naive
and memory T cell responses was dampened by the addition of
Tregs and that suppression was increased with the addition of more
Tregs. Further work should investigate whether Treg-mediated
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suppression of drug-specific T cells is regulated by coinhibitory
receptor signaling and/or the secretion of suppressive cytokines.

In summary, we have successfully used an in vitro model to
highlight the propensity for various non-HLA risk factors to en-
hance the likelihood of drug Ag—induced T cell activation.
We show that T cell responses to SMX-NO are dependent on
the availability of specific TCR V@ repertoires and that these
Ag-responsive T cells are highly regulated by coinhibitory mech-
anisms that can be enforced by resident Tregs. Our report dem-
onstrates that an individual may be predisposed to develop
hypersensitivity by distinct TCR V3 subtypes that form private
and public repertoires; dysregulation of the PD-1 or CTLA4
pathways, which predominantly control naive and memory T cell
responses, respectively; or a lack of functional Tregs as autolo-
gous CD25" Tregs, which can effectively suppress effector naive
and memory T cell responses at a 1:5 ratio. Until recently, many
of these factors have been overlooked due to strong interest in
the role of HLA interactions. Although these associations remain
important, it is highly likely that the exploration of other risk
factors will be required to fully define individual predisposition
to drug hypersensitivity.
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Supplementary figure 1. Representative TCR VB spectratyping profiles of T-cells from healthy donors and
co-inhibitory receptor ligand expression on mature monocyte-derived DCs utilised during the in vitro
antigen-stimulation of naive and memory T-cells. (A, B) TCR VB spectratyping profiles of T-cells from
healthy donors (A) S2 and (B) S4 showing skewed CDR3 lengths distribution after in vitro priming of naive T-
cells to SMX-NO. The expression of (C) the PD-1-ligand PD-L1 (PD-L1-PE), (D) the CTLA4-ligands CD80 (CD80-
FITC) and CD86 (CD86-FITC), and (E) the TIM-3-ligand galectin-9 (Gal-9-APC*) on LPS- and TNF-a-matured
DCs (Grey histogram, unstained cells; blue histogram, CD14* monocyte—derived mature DCs).



Supplementary table 1

Supplementary table 1. Flow cytometric analysis of TCR VB usage on naive and SMX-NO
specific memory T-cells.

Day0-% Day 11-
naive T-cells % SMX-NO spec. memory T-cells
Mean day0? mean

TCR S2 S3 S4 S5 S6 _[(exluding.S1)] SD |mean -3SD| +3SD S2 S3 S4 S5 S6
Vb1l |4.66]3.96|4.28 | 3.69 | 3.76 4.07 0.40 2.87 5.27 3.17 | 1.28 | 1.82 | 1.93 | 5.59
Vb2 |7.12]8.49|6.65| 7.29 | 5.34 6.98 1.14 3.56 10.40 [18.12| 0.88 | 0.62 | 1.30 | 9.89
Vb3 | 0.67 ] 0.43 |10.64| 4.60 | 6.39 4.55 4.26 -8.23 17.32 | 1.24 | 0.57 | 6.81 | 3.57 | 4.11
Vb4 ]0.21] 0.07 | 0.09 | 0.53 | 0.03 0.19 0.20 -0.42 0.80 2.85 | 3.27 | 3.37 | 5.24 | 3.92
Vb5.1 | 453 | 854 | 6.82 | 6.88 | 4.44 6.24 1.75 1.00 11.48 | 5.34 | 0.86 | 0.41 | 0.30 | 3.32
Vb5.2 1 0.77 ] 0.80 | 0.33 ] 0.61 | 0.91 0.68 0.23 0.01 1.36 0.73 110.65] 7.88 |12.22] 1.00
Vb5.3 | 0.78 | 0.26 | 0.21 | 0.40 | 0.77 0.48 0.27 -0.34 1.31 1.16 | 3.88 | 4.25 | 2.88 | 0.82
Vb7.1 1291|195 | 1.04]2.59 ] 1.62 2.02 0.75 -0.22 4.27 5.36 | 0.70 | 0.73 | 1.12 | 1.64
Vb7.2 | 2.53 ] 0.60 | 0.06 | 0.35 | 0.03 0.71 1.04 -2.41 3.84 3.11 | 1.98 | 1.00 | 1.47 | 0.00
Vb8 |3.55]1.76]234| 192 3.52 2.62 0.86 0.03 5.21 3.72 | 5.00 | 3.89 | 3.30 | 3.74
Vb9 ] 0.18 ] 0.22 | 0.15 | 0.15 | 0.07 0.15 0.06 -0.01 0.32 3.84 | 3.45 | 4.47 | 6.85 | 2.27
Vb11 [ 0.75| 0.87 | 0.77 | 0.73 | 0.58 0.74 0.10 0.43 1.05 1.18 | 4.69 | 5.66 | 2.92 | 0.65
Vb12 [ 1.17]1.64]1.32 | 1.22 | 0.68 1.21 0.35 0.17 2.24 152|178 ] 232|161 | 1.10
Vb 13.1] 3.27 | 4.27 | 2.84 | 3.27 | 3.57 3.44 0.53 1.85 5.03 4.62 | 3.35| 2.81 | 3.66 | 5.03
Vb13.2 ] 3.91]2.34] 097 | 1.73 ] 0.60 1.91 1.31 -2.01 5.83 3.92 | 0.49 | 0.57 | 0.51 | 0.42
Vb13.6 | 1.57 | 1.62 129|179 1.61 1.58 0.18 1.03 2.12 145 ] 6.02 | 2.75 | 2.93 | 2.59
Vb14 | 2.19]0.89 ] 2.47 | 0.85 | 0.89 1.46 0.80 -0.95 3.86 6.05 | 4.83 | 6.59 | 5.44 | 3.70
Vb 16 | 0.55 | 0.86 | 0.75 | 0.82 | 1.09 0.81 0.20 0.23 1.40 0.38 | 1.37 | 0.69 | 1.15 | 0.62
Vb17 [ 6.90 | 3.45] 6.20 | 6.44 | 4.68 5.53 1.43 1.24 9.83 8.00 | 1.64 | 191 | 1.06 | 4.97
Vb18 [ 0.52 | 0.11 ] 0.17 | 0.12 | 0.39 0.26 0.18 -0.29 0.81 0.49 [10.40| 7.89 | 8.05 | 1.02
Vb20 [ 1.33]2.18]0.96 | 2.14 | 1.43 1.61 0.53 0.01 3.21 2.68 | 235 0.67 | 1.93 | 2.25
Vb21.3]1.63 | 254 | 267|246 | 1.82 2.22 0.47 0.82 3.62 1721 1.55] 1.69 | 1.93 | 1.70
Vb22 |3.10 | 3.47 | 4.02 | 1.79 | 4.00 3.28 0.92 0.53 6.02 1.88 | 1.14 ] 1.56 | 0.65 | 3.87
Vb23 [0.79 | 0.67 | 0.29 | 0.57 | 1.30 0.72 0.37 -0.39 1.84 0.54 | 5.65 | 0.37 | 4.21 | 0.85
total Vb [55.59[51.95]57.33|52.95|49.52 83.08]77.79|70.72176.23 ] 65.09

1Donor 1 excluded from mean calculation



Supplementary table 2

Supplementary Table 2. Summary of the antigen-specific proliferation of SMX-
NO-primed naive T-cells £ PD-L1/CTLA4/TIM-3 blocking antibodies.

Block! Donor - block drug + block drug S| of comparative
UEEd number Response Response response with addition
(CPM) (cPM) of block
PD-L1 Donor 1 weak (3549.0) good (15214.0) N 4.3 (p=0.002)
Donor 2 weak (2543.3) weak (12360.6) ™ 4.9 (p=0.038)
Donor 3 weak (13318.3) very stong (63258.3) ™ 4.7 (p=0.012)
Donor 4 weak (7689.0) good (29107.6) N 3.8 (p=0.020)
Donor 5 very stong (51009.6) good (29463.6) No increase
CTLA4  Donor6 weak (5475.3) weak (9750.3) N 1.8 (p=0.043)
Donor 7 good (19496.6) strong (32843.3) N 1.7 (p=0.027)
Donor 8 good (15668.3) strong (36262.0) ™ 2.3 (p=0.023)
Donor 9 weak (8050.0) very strong (49669.3) N 6.2 (p=0.006)
Donor 10  very strong (50829.6) very strong (68964.3) ™ 1.4 (p=0.017)
Donor 5 good (19659.0) strong (36279.6) N 1.8 (p=0.010)
Donor 11 good (25933.6) weak (14800.6) No increase
Donor 12 weak (8802.6) weak (7135.6) No increase
Donor 4 strong (39129.3) strong (38245.0) No increase
TIM-3  Donor 13 very strong (50698.0) very strong (54427.0) No increase
Donor 14 strong (43080.3) good (23292.0) No increase
Donor 5 very strong (50357.3) strong (44196.0) No increase

INaive T-cells from healthy donors were cultured with mature autologous DCs in the
presence of SMX-NO (50 uM) for one 1 week, = PD-L1 (5 pug/ml) /CTLA4 (10 pg/ml)
/TIM-3 (7.5 pg/ml) blocking antibodies before restimulation with fresh DCs and SMX-NO
(20-50 pM). Strength of proliferative response was measured by [3H] thymidine
incorporation and is shown as CPM above background; weak (< 15000), good (15000-
30000), strong (30000-45000), very strong (> 45000). An enhanced response is shown
by significant fold increase with block compared to without (*p < 0.05).



Supplementary table 3

Supplementary Table 3. Summary of the antigen-specific proliferation of SMX-
NO-exposed memory T-cells + PD-L1/CTLA4/TIM-3 blocking antibodies.

PD-L1 Donor15 weak (13750.6) weak (8158.0) No increase
Donor 5 strong (32780.0) good (24932.3) No increase
Donor 16 weak (10167) weak (8338.6) No increase

CTLA4 Donor 5

weak (14443.6)

good (22310.3)

N 1.5 (p=0.022)

Donor 9 weak (7470.3) weak (9981.6) ™ 1.3 (p=0.009)
Donor 8 weak (981.0) weak (5666.6) N 6.6 (p=0.002)
Donor 11 weak (8032.6) weak (6903.3) No increase
Donor 6 weak (8500.3) weak (5548.0) No increase
Donor 10  very strong (47951.3) good (29999.6) No increase
TIM-3 Donor 5 strong (33874.0) strong (34144.3) No increase
Donor 15 weak (13750.6) good (19919.3) No increase
Donor 13 good (17515.3) weak (13202.3) No increase

IMemory T-cells from healthy donors were cultured with mature autologous DCs in
the presence of SMX-NO (50 uM) for one 1 week, + PD-L1 (5 pg/ml) /CTLA4 (10
pg/ml) /TIM-3 (7.5 ug/ml) blocking antibodies before restimulation with fresh DCs
and SMX-NO (20-50 puM). Strength of proliferative response was measured by [3H]
thymidine incorporation and is shown as CPM above background; weak (< 15000),
good (15000-30000), strong (30000-45000), very strong (> 45000). An enhanced
response is shown by significant fold increase with block compared to without (*p <
0.05).



