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Fig. $1 Epitope-specific expression of CD103 and PD-1 on Tgy. WT mice were infected with PR8. (A). Expression of
CD69 and CD103 on lung NP3gg.ars OF PAgas sz Trm cells at 40 d.p.i. (B). Percentages of CD69* or CD103* cells on lung
NP3gg 374 OF Phg2y a3 Tru. (C). CD63, CD103 or PD-1 expression on lung NP3ags 374, PAsas 233 of PB17g3.744 tetramer* cells at
40 d.p.i. (D) WT mice were transferred with OVA-specific Thy1.1* OT-l T cells and then infected with recombinant PR8-OVA.
Tru cells were examined at 45 d.p.i. PD-1 and CDB9 expression by OT-| Try, endogenous NPagsazs of PAgas.o3s Try cells is
depicted. (E). MFI of PD-1 expression on NPagg.a74 lung Trm, spleen memory and lung circulating (labeled with i.v. Ab)
memory T cells. Data are mean + SD, n.s., not significant. *P < 0.05, **P < 0.01, *P < 0.001, unpaired two-tailed f test or
One-way ANOVA with Tukey multiple comparison test.
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Fig. S2 Epitope-specific expression of inhibitory receptors on Tpu. WT mice were infected with PR8 and Tgy cells were
examined at 40 d.p.i. (A). Quantification of % inhibitory receptor expression on NPagg.a74 oF PAzzs 233 Try cells. (B). MFI of
individual inhibitory receptor expression on NPsgg a7, OF PAgsy 0aa Ty cells. (C). Simultaneous expression of multiple inhibitory
receptors (PD-1, LAG-3, Tim-3 and TIGIT) on NP3gga74 Or PAz24.233 T cells. (D). MFI of PD-1 or TIM-3 expression on NP3gs-
ar4 OF PB17g3 711 Trm cells. Data are mean + SD, n.s., not significant. *P < 0.05, **P < 0.01, ***P < 0.001, unpaired two-

tailed t test.
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Fig. 53 Exhausted-like Ty, cells are present in X31 influenza model. (A-C). WT mice were infected with influenza X31
strain and Tgy cells were examined at 40 d.p.i. (A). Representative plots of tetramer staining and CD103, CD49a, PD-1, TIM-3
or LAG-3 stalnlng on NP3ggazs OF PRy oas Try cells. (B:I MFI of CD103 or CD49a EKPFESS|GI'I on |IJI"‘Ig NP 2asg 374 OF PAgos 233 Tru
cells. (C). MFI of inhibitory receptors expression on lung NP'age az4 OF PAssy 295 Try cells. (D). WT mice were infected with PR8.
Tru cells were examined following NPagg.ar4 or PAga4a3 peptide stimulation at 40 d.p.i. % IFN-y* cells relative to NPagg.a74 OF
PAsoy saa-specific Tgy, cells (tetramer* cells). Representative of two experiments. Data are mean + SD, n.s., not significant. *P <
0.05, *P < 0.01, *™*P < 0.001, unpaired two-tailed { test.
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Fig. 5S4 Exhausted-like Tgy, cells respond effectively to recall in situ. (A-C). Control { Tgfbr2®) or Tgfbr244i mice were infected
with PR8. (A). % of NPagsars OF PAgss.2aa —specific T cells in the spleen (SPL), draining mediastinal lymph nodes (MLN) or the lungs
at9d.p.i. (B). NPagg.azs OF PAgaso3s Ty cells were enumerated at 42 d.p.i. (C) CD103 MF1 on NPagg 374 OF PAgos 233 Tru cells at 42
d.p.i. (D-G). WT mice were infected with PR8 and re-challenged with X31 at day 40 in the presence of FTY-720 to block T cell
migration from lymphoid organs. Mice were sacrificed two days later for analysis. (D). % CD8 or CD4 T cells in PBMCs 24 hours
following Vehicle or FTY-720 treatment. (E). CD69 expression on lung NPass.az4 oF PAzz4.233 cells. (F). % KI-67" cells in lung NPsss.a7s
or PAgyy oas cells. (G). Representative plots (up) and quantification (down) of percentages of KI-67* cells in indicated inhibitory
receptor(s)* lung NP3ss.a74 cells. Representative of two to three experiments except in A. Data are mean + SD, n.s., not significant.
*P < 0.05, **P < 0.01, **P < 0.001, unpaired two-tailed t test.
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Fig. S5 Cognate peptide inoculation directly promotes PD-1 expression on PAz;4.233 Trw cells. (A). WT mice were
infected with PR8 and received vehicle or FTY-720 daily starting at 21 d.p.i. Mice were sacrificed at 40 d.p.i. % of i.v. CD45 Ab*
cells in lung CD8* T cells is depicting. (B-F). WT mice were infected with PR8. (B). Schematic of experimental design,
representative histogram (left) and quantification (right) of PD-1 expression on PAzs.33 Tru cells following PBS or PAgzs 33(PA)
peptide innoculation. (C). PD-1 expression on PAgy, 233 o NPags 374 Try following PBS, PA or NP peptide inoculation. (D).
Representative histogram (left) and quantification (right) of CD103 expression on PAz¢.233 Tay cells. (E). CD69 expression on
PAgas 233 Tru cells. (F). Representative plots of CDB9/CD103 expression on PAysy 233 Try cells with or without peptide
inoculation. Representative of two or three experiments. Data are mean + SD, *P < 0.05, **P < 0.01, **P < 0.001, unpaired two-
tailed t test.
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Fig. S6 Nur77 (Nrda1) is required for the induction and/or maintenance of exhausted-like Tgy cells. (A). Nur77-
GFP mice were infected with PRB. PD-1 MFI of Nur-7T7-GFP* and Nur-77-GFP- NP3 574 Trs cells at 40 d.p.i.(B-D). WT
and Nr4¢a1* mixed bone marrow chimeric mice were constructed and infected with PR8. (B). Percentages of NPagg arq OF
PAgo4 233 tetramer* cells in the PBMCs at 12 d.p.i. (C). Representative plots (left) and quantification (right) of percentages
of NPz 174 spleen memory T cells at 40 d.p.i. (D). Representative plots (left) and quantification (right) of percentages of
PAzz24.233 spleen memory T cells. Representative of two experiments at 40 d.p.i. Data are mean + SD, n.s., not
significant. *P < 0.05, **P < 0.01, **P < 0.001, unpaired two-tailed t test.
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Fig. S7 Limiting NP antigen dose decreases the "exhaustion” phenotype. WT mice were infected with WT PR8 virus, PR8
NP mutant virus, PR8 NP mutant virus mixed with 10 pfu WT PR8 virus or PR8 NP mutant virus mixed with 40 pfu WT PR8 virus.
(A) Host morbidity (% of initial weight) following infection. (B) PD-1 and TIM-3 expression on NPygs a74 OF PRz as Try at 40 d.p.i.
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Fig. S8 TCR signaling and inhibitory receptor expression on exhausted-like Ty cells are lost 4 months after infection.

(A-C). Nur77-GFP mice were infected with PR8 and Try cells were analyzed at 40 or 120 d.p.i. (A). Representative plots of

Nur77-GFP expression in NPsgs.az4 Trw cells at 40 or 120 d.p.i. (B). Quantification of percentages of Nur77-GFP* cells in NPags.ar4
of PAsgy09a T cells at 40 or 120 d.p.. (C). MFI of inhibitory receptors expression on NPagg a7 OF PAgay 593 Ty Cells at 40 or 120
d.p.i. Representative of three experiments. Data are mean £ SD, n.s., not significant. *P < 0.05, **P < 0.01, ***P < 0.001, unpaired

two-tailed t test or One-way ANOVA with Tukey multiple comparison test.
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Fig. 59 Persistent MHC-l engagement maintains exhausted-like Ty cell phenotypes and cells. (A). Strategy of
generation of H2dbUbee=ERT2 (K()) mice. H2db-loxp transgenic mice were first bred to MHC-1 KO (H2kb"H2db™*

) mice to generate H2db™ mice. These animals were then crossed to Ubc-creERT2 transgenic mice to generate Ubc-
creERT2/HZ2db™ double transgenic mice in MHC-I-deficient background (HZ2dkAUbec=ERTZ) (B-D). Control or H2dbAUbe-cre-ERT2
(KO) mice were treated with tamoxifen and then infected with PR8. (B) Schematics of experimental design. (c). Representative
plots of NP4gg a74 0 PAgsy 0as specific T cells in lung or spleen CD8* T cells at 9 d.p.i. (D) Total cell numbers of NPagg 274 OF
PAgzz4.233 specific T cells in lung or spleen at 9 d.p.i. (E). Schematic of experimental design and representative histogram of H-
2D" expression in lung CD45* cells of control and KO mice 72 hours following last tamoxifen injection. (F). Representative
histogram of PD-1, TIM-3 or TIGIT expression on NPggg a74 Try cells at 42 d.p.i. (G). Quantification of MFI of CD&9, TIGIT or
LAG-3 expression on NPags-a74 Try cells at 42 d.p.i. Data are mean + SD, n.s., not significant. *P < 0.05, **P < 0.01, *"P <
0.001, unpaired two-tailed t test.
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Fig. 510 NP3gg.374 Ty cells, PD-1 expression and heterologous protection are lost over time. (A-C). WT mice were
infected with PR8 and Tgy cells were analyzed at indicated d.p.i. (A). Representative plots of percentage of NPaggazq and PAgsg.
233 Ty cells or spleen memory T cells at indicated d.p.i. (B). Kinetics of ratio of % PAzz4.233 t0 % NP3gsa74 Trw at indicated d.p.i..
(C). Kinetics of ratio of PAys4 233 Try PD-1 expression to NP3gg 374 Tray PD-1 expression at indicated d.p.i. (D). WT mice were
infected with PR8. Mice were re-challenged with X-31 (1.2%10* pfu/mouse) in the present of FTY-720 at 40 and 120 d.p.i. Mouse
weight loss (% initial weight) was determined daily following re-challenge. Representative of two experiments. Data are mean +

SD, *P < 0.05, *P < 0.01, ***P < 0.001, unpaired two-tailed t test.
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Fig. S11 Continuous CD28 signaling is required for the maintenance of NPags.s7s Trm cells. (A-C). Nur77-GFP mice were
infected with PR8 and treated with control Ab or a-B7 starting at day 21 p.i. Try cells were analyzed at 42 d.p.i. Representative
plots (A) and percentages (B) of Nur77-GFP* cells in NPsgs 37 Tru cells. (C). Representative plots (left) and percentages (right)
of Nur77-GFP* cells in NP3gs 374 Spleen memory T cells. (D). WT mice were infected with PR8 and treated with control Ab or a-
CTLA-4 starting at day 21 p.i.. Representative plots (left) and % (right) of NPagsa74 OF PAssg 233 Tru cells at 42 d.p.i. (E) WT mice
were infected with PR8 and treated with control Ab or a-B7 starting at day 21 p.i. Representative plots (left) and % of KI-67*
(right) cells in NPagg.a74 Or PAgz4 233 Tru cells. Representative of two to three experiments except (A). Data are mean £ SD, n.s.,
not significant. *P < 0.05, **P < 0.01, ***P < 0.001, unpaired two-tailed t test.
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Fig. 512 PD-L1 blockade promotes exhausted-like Tgy, cell survival and CD103 expression. (A-E). WT mice were infected
with PR8 and treated with control Ab or a-PD-L1 starting at day 21 p.i. T cells were analyzed at 40 d.p.i. (A). Representative
plDtS of % NPagsars OF PAgay oaain total CO8 T cells in the SplEEI"I_ {B) Quantification of % MPags.arq OF PAgagoasin ﬁpleﬁiﬂ CD8T
cells. (C). Quantification of cell numbers of NPagg 374 or PAgsy 33 Spleen memory T cells. (D). Representative plots of active
Caspase 3/7* cells in NPags.a74 0F PAgzq_233 Tam with or without late PD-L1 blockade. (E). Representative plots of Annexin V/7-AAD
expression (left) and quantification (right) of Annexin V* cells in NPagg 374 Tray with or without late PD-L1 blockade.

(F-H). WT mice were infected with PR8. Mice were treated with control or a-PD-L1 starting at 42 d.p.i till 80 d.p.i.as indicated (F).
(F). Representative plots of NPags.azs OF PAgz4 233 Tam frequencies in resident CD8* T cells at 70 d.p.i. (G). % of NPags.azs Or PAga.
233 Tray OF Tyygey in lung or splenic CD8 T cells at 70 d.p.i. (H). Numbers of NPsgg 274 0F PAgsy 233 Trwat 70 d.p.i. Representative of
three to four experiments except (F-H). Data are mean * SD, n.s., not significant. *P < 0.05, **P < 0.01, ™*P < 0.001, unpaired

two-tailed t test.
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Fig. 513 PD-L1 blockade promotes cytokine production of exhausted-like Tgy cells to antigenic re-stimulation. (A-K).
WT mice were infected with PR8 and treatment with control Ab or a-PD-L1 starting at day 21 p.i. Mice were sacrificed and
lung cells were re-stimulated with NP3gs-ars Or PAcas.2as peptide ex vivo at 40 d.p.i. IFN-y and TNF production by CD8 T cells
following peptide restimulation were determined by ICS. (A). Representative plots (left) and quantification (right) of % IFN-y* in
resident-CD8 T cells following NP peptide stimulation. (B). Ratio of % IFN-y* resident CD8 T cells cells following NP peptide
stimulation to % NPaggs 474 tetramer* in resident-CD8 T cells. (C). Representative plots (left) and quantification (right) of %
TNF* in resident-CD8 T cells following NP peptide stimulation. (D). Ratio of % TNF* cells following NP peptide stimulation to
% NP3gs a7 tetramer” in resident-CD8 T cells. (E). Ratio of % IFN-y* TNF* cells following NP peptide stimulation to % NPags.
a74 tetramer* in resident-CD8 T cells. (F). Representative plots (left) and quantification (right) of % IFN-y* in resident CD8 T
cells following PA peptide stimulation. (G). Ratio of % IFN-y* cells following PA peptide stimulation to % PAzz4.23a tetramer® in
resident-CD8 T cells. (H). Representative plots (left) and quantification (right) of % TNF* in resident-CD8 T cells following PA
peptide stimulation. (I). Ratio of % TNF* cells following PA peptide stimulation to % PAg4 33 tet” in resident CD8 T cells. (J).
Representative plots (left) and quantification (right) of IFN-y* TNF* cells in resident-CD8 T cells following PA peptide
stimulation. (K). Ratio of % IFN-y* TNF* cells following PA peptide stimulation to % PAgas3; tetramer® in resident CD8 T cells.
Representative of three experiments. Data are mean + SD, n.s., not significant. *P < 0.05, **P < 0.01, ***P < 0.001, unpaired
two-tailed t test.
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Fig. S14 PD-L1 blockade promotes CD103 expression. (A-C). WT mice were infected with PR8 and treated with control Ab
or a-PD-L1 starting at day 21p.i. Try cells were analyzed at 40 d.p.i. (A). Representative plots of CD103 expression on NPags_
a74 and PAg4 233 Ty With or without late PD-L1 blockade. (B). Quantification of % CD103* cells (left) and CD103 MFI on (right)
PA224.233 Trm With or without late PD-L1 blockade. (C). CD69 MFI on NP3gga74 Or PA224.233 Trm With or without late PD-L1
blockade. Representative of three or five experiments. Data are mean + SD, n.s, not significant. *P < 0.05, **P < 0.01, ***P <

0.001, unpaired two-tailed t test.
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Fig. S15 BT signaling is required for the
effects of PD-L1 blockade. (A-E). WT mice
were infected with PR8 and treated with control
Ab, a-B7, a-PD-L1 or a-PD-L1 plus a-B7
starting at day 21p.i. Ty cells were analyzed
at 40 d.p.i. (A). Quantification of NPagg azq OF
PAsoy 233 Tre Cell numbers. (B). CDB9 MFI of
MPassa74 OF PAg24 o33 Tru- (C). Representative
plots of % NPagg.ars OF PAzzs.2aa cells in spleen
CD8 T cells. (D). Quantification of % NPaggars
or PAgp423s cells in spleen CD8 T cells. (E).
Quantification of NP3ggar4 or PAza4233 spleen
memory T cell numbers. Representative of two
experiments. Data are mean + SD, *P < 0.05,
P < 0.01, ™P < 0.001, One-way ANOVA with

Tukey multiple comparison test.
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Fig. S16 PD-L1 blockade promotes heterologous immunity and causes tissue pathology. (A). WT mice were infected with
X31. Control Ab or a-PD-L1 was administered starting at 21 d.p.i. as indicated. Mice were re-challenged with PR8 in the present
of FTY-720 at 42 d.p.i. % of original weight was determined daily following re-challenge. (B). WT mice were infected with PR8
with or without PD-L1 blockade. Lung pathology was determined by H&E staining at 60 d.p.i. Low-magnitude picture of whole
sections of lung left lobes from 4 individual mice are shown. Low-magnitude picture of whole sections of lung left lobes from 3-4
individual mice are shown. (C-D) WT mice were infected with PR8. Control Ab or a-PD-L1 was administered starting at 21 d.p.i.
till 42 d.p.i. Mice were sacrificed at 90 d.p.i. (C). NPags.374 Or PA224.233 Try numbers in the lung. (D). Lung collagen content was
determined through hydroxyproline assay.
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Fig. S17 CD8 T cells are responsible for the development of tissue pathology following a-PD-L1 blockade. WT mice
were infected with PR8 and received control, PD-L1 or PD-L1 plus CD8 Abs. (A). Representative plots of lung CD8 T cells
following a-PD-L1 or a-PD-L1 plus a-CD8 treatment at 60 d.p.i. (B). Lung pathology was determined by H&E staining at 60 d.p.i.
Low-magnitude picture of whole sections of lung left lobes from 3-4 individual mice are shown.
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Fig. $18 ILD lungs exhibit elevated PD-1, CD103 and TIM-3 expression. ITGAE (CD103), PDCD1 (PD-1) and HAVCRZ2 (TIM-3)
gene expression in publically-available microarray dataset (GSE47460) of lung biopsy samples from lungs of healthy or ILD

patients. Unpaired two-tailed t test
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