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Supplementary Figure 1. SMCs potently synergize with TNF-α to induce the death of glioblastoma cells.
Viability of mouse glioblastoma CT-2A cells to the treatment of 0.01% BSA or 0.1 ng mL-1 TNF-α and vehi-
cle or 5 μM of the indicated monomeric or dimeric for 48 h. Viability was assessed by Alamar blue. Error 
bars, mean, s.d. n = 4. Representative data from two independent experiments using biological replicates. 
Statistical significance was compared to vehicle and BSA treatment using ANOVA using Dunnett’s multiple 
comparison test. Significance is reported if p < 0.0001 (*).

Supplementary Figure 2. SMCs synergize with non-replicating rhabdovirus-derived particles (NRRPs) to 
induce the death of glioblastoma cells.
 Alamar blue viability assays of mouse glioblastoma CT-2A or DBT-cells to the treatment of vehicle or 5 μM 
LCL161 (SMC) and increasing numbers of NRRPs for 48 h. Error bars, mean, s.d. n = 3. Representative data 
from two independent experiments using biological replicates.
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Supplementary Figure 3. Resistance to SMC-based combinations in glioblastoma cells is circumvented with 
downregulation of cFLIP.
(a) Primary mouse NF1-/+p53-/+ (K5001) or human (SF539) glioblastoma cells or human non-transformed 
cells (GM38) were transfected with nontargeting (NT) or cFLIP siRNA for 48 h and subsequently treated for 48 
h with vehicle or 5 μM LCL161 (SMC) and BSA, 0.1 ng mL-1 TNF-α or the indicated MOI of a nonspreading 
version of VSVΔ51 (VSVΔ51ΔG). Viability was determined by Alamar blue. Error bars, mean, s.d. n = 4. Repre-
sentative data from three independent experiments using biological replicates. Statistical significance was 
compared to vehicle and BSA treatment using ANOVA using Dunnett’s multiple comparison test. Significance is 
reported if p < 0.0001 (*). (b) Efficacy of NT siRNA or siRNA targeting cFLIP from the experiment in (a).
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Supplementary Figure 4. Establishment of a mouse syngeneic orthotopic model of glioblastoma. 
MRI (a) and gross (b) images of a C57BL/6 mouse injected intracranially with PBS or 5x104 CT-2A cells and 
sacrificed at 35 days post-implantation. Scale bar, 2 mm. Ruler is in cm with mm divisions.

Supplementary Figure 5. SMC treatment does not induce the downregulation of the IAPs in brain tissue from 
non-tumor bearing mice.
Mice were treated with 75 mg kg-1 of LCL161 (SMC) for the indicated time, and tissues were processed for 
Western Blotting using the indicated antibodies. n = 2 for each timepoint.  

Supplementary Figure 6. Degradation of cIAP1/2 and XIAP in intracranial gliomas upon intratumoral injection 
of a SMC.
Mice with 21 d intracranial CT-2A tumors were treated by stereotactic injection (at the same coordinates as with 
the initial tumor implantation) with 10 μL of 100 μM LCL161 (SMC), and tumors were processed at the indicat-
ed times post-treatment for Westerm blotting using the indicated antibodies. n = 2 for control and n = 3 for 
SMC-treated mice at the indicated post-treatment time. 
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Supplementary Figure 7. Intracranial treatment of poly(I:C) does not cause mortality.
Kaplan-Meier curve depicting survival of mice that received three 10 μL intracranial treatments of 50 μg 
poly(I:C). Treatments were on days 0, 3, and 7. 

Supplementary Figure 8. SMC treatment does not abrogate expression of checkpoint inhibitor molecules or 
MHC I/II proteins. 
SNB75 cells were treated for 24 h with vehicle or 5 μM LCL161 (SMC) and 1 ng mL-1 TNF-α, 250 U mL-1 IFN-β 
or 0.1 MOI of VSVΔ51, and viable cells (Zombie Green negative) were processed for flow cytometry using the 
indicated antibodies. Representative data from three independent experiments.
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Supplementary Figure 9. CD8+ T-cells cells from mice previously cured of mammary tumors recognize the 
same tumor cell type.
CD8+ T-cells were enriched from naïve mice or mice previously cured of EMT6 tumors, and subjected to ELIS-
pot assays for the detection of IFN-γ and GrzB. Cancer cells (EMT6, 4T1) were cocultured with CD8+ T-cells 
(12:1 ratio) and 10 μg mL-1 of control IgG or α-PD-1 for 48 h. Error bars, mean, s.d. n = 3 of mice for naïve or 
cured groups. Significance was compared to naïve CD8+ T-cell co-incubated with EMT6 cells as assessed by 
ANOVA with Dunnett’s multiple comparison test. ** p < 0.01; ***, p < 0.001. 

Supplementary Figure 10. SMC treatment leads to the upregulation of PD-1 in CD8 T-cells. 
Mice bearing intracranial CT-2A tumors were treated with 75 mg kg-1 LCL161 orally (SMC) on post-implantation 
days 14, 16, 21 and 23. Viable cells from CT-2A tumors were processed for flow cytometry using the antibodies 
CD45 (BV605), CD3 (APC-Cy7), CD8 (PE) and PD-1 (BV421). Data represented as box and whisker plots are 
in Fig. 4b.



c

Vehicle SMC Vehicle SMC

19

24

31

Ti
m

e 
(d

 p
os

t-i
m

pl
an

ta
tio

n)

Vehicle (4) 
SMC (7) 
Vehicle (4)
SMC (4) α-PD-1

IgG

α-CTLA-4IgGd

a

Vehicle
SMC

TNF-α:
IFN-α:
IFN-β:

+
–
–

––
–+
+–

–
–
–

Vi
ab

le
 c

el
ls

 (%
)

0

20

40

60

80

100

MPC-11

8 9 1011

SMC (p.o.):

12

α-PD-1 (i.p.):

0 5

MPC-11

Time (d post-implantation)
0 10 20 30 40 50 60

Su
rv

iv
al

 p
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

Vehicle (4)
SMC (4) α-CTLA-4

Vehicle SMC
α-PD-1

3.0

2.0

1.5

0.5

1.0

2.5

x106

*

0

20

40

60

80

100

N
or

m
al

iz
ed

 T
o 

M
od

e

MPC-11

0 102 103 104

PE-Cy7

IgG
α-PD-L1

b

*
*

* *

Supplementary Figure 11. SMCs synergize with immune checkpoint inhibitors for the treatment of a mouse 
model of multiple myeloma. 
(a) MPC-11 cells were treated with vehicle or 5 μM LCL161 (SMC) and 0.1 ng mL-1 TNF-α, 250 U mL-1 IFN-α 
or 250 U mL-1 IFN-β. Viability was determined by Alamar blue at 48 h post-treatment. Error bars, mean, s.d. n 
= 4. Statistical significance was compared to vehicle and BSA treatment using ANOVA using Dunnett’s multi-
ple comparison test. Significance is reported if p < 0.0001 (***). Representative data from three independent 
experiments using biological replicates. (b) MPC-11 cells were dissociated and processed for flow cytometry 
with PE-Cy7-conjugated isotype IgG or PD-L1. Representative data from two independent experiments. (c) 
Mice were injected with murine MPC-11 cells intravenously, and 5 days later were treated at the indicated 
time points with combinations of vehicle or 75 mg kg-1 LCL161 orally and 250 μg of IgG, α-PD-1 or α-CTLA4 
intraperitoneally. Data represents the Kaplan-Meier curve depicting mouse survival. Log-rank with Holm-Si-
dak multiple comparison: *, p < 0.05. Numbers in parentheses represent number of mice per group. Repre-
sentative data from two independent experiments. (d) Representative IVIS images from mice described in (c) 
were acquired at indicated time points. Scale: p/sec/cm2/sr.  
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Supplementary Figure 12. The combination of SMCs with antibodies targeting immune checkpoint inhibitors 
in a mouse model of mammary cancer. 
(a) Viability assay of EMT6 cells treated with vehicle or 5 μM LCL161 (SMC) and 0.1 ng mL-1 TNF-α, 250 U 
mL-1 IFN-β or 0.1 MOI of VSVΔ51 for 48 h. Error bars, mean, s.d. n = 4. Statistical significance was compared 
to vehicle and BSA treatment using ANOVA using Dunnett’s multiple comparison test. Significance is reported if 
p < 0.0001 (***). Representative data from three independent experiments using biological replicates. (b) EMT6 
cells were dissociated and processed for flow cytometry with PE-Cy7-conjugated isotype IgG or PD-L1.  Repre-
sentative data from three independent experiments. (c) Mice bearing ~100 mm3 EMT6-Fluc tumors were treat-
ed at the indicated post-implantation times with PBS or 5x108 PFU of VSVΔ51 intratumorally, and then with 
vehicle or 50 mg/kg LCL161 (SMC) orally and 250 μg of IgG or α-PD-1 intraperitoneally. Left panel depicts 
tumor growth. Error bars, mean, s.e,m. Right panel represents the Kaplan-Meier curve depicting mouse surviv-
al. Log-rank with Holm-Sidak multiple comparison: *, p < 0.05; **, p < 0.01. Numbers in parentheses represent 
number of mice per group.
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Supplementary Figure 13. The 
inclusion of SMCs increases the 
immune response in the presence of 
glioblastoma cells.
(a) The expression of the indicated 
factors was detected by ELISA from 
cell culture supernatants of CT-2A 
cells that were co-incubated for 48 h 
with splenocytes derived from naïve 
mice or mice previously cured with 
intracranial CT-2A tumors by SMC 
and anti-PD-1 cotreatment (1:20 ratio 
of CT-2A cells to splenocytes). Data 
represented as heat maps is in Fig. 
5a. Crosses depicts mean, solid 
horizontal line depicts median, box 
depicts 25th to 75th percentile, and 
whiskers depicts min-max range of 
the values. Statistical significance was 
compared to naïve CD8+ T-cell as 
assessed by ANOVA with Dunnett’s 
multiple comparison test. *, p < 0.05; 
** p < 0.01; ***, p < 0.001. (b) The 
indicated cytokines were determined 
by ELISA from CT-2A cells that were 
cocultured with splenocytes derived 
from naïve or cured mice and treated 
with vehicle or 5 μM LCL161 (SMC) 
for 48 h. Heat map plots are shown in 
Fig. 5a. . Crosses depicts mean, solid 
horizontal line depicts median, box 
depicts 25th to 75th percentile, and 
whiskers depicts min-max range of 
the values. Statistical significance was 
compared to vehicle and IgG treated 
T-cells as assessed by ANOVA with 
Dunnett’s multiple comparison test. ** 
p < 0.01; ***, p < 0.001. 
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Supplementary Figure 14. Combinatorial SMC and immune checkpoint inhibitor treatment leads to the 
increased systemic presence of proinflammatory cytokines.
Serum from mice depicted in Fig. 6a was processed for multiplex ELISA for the quantitation of the indicated 
proteins. Crosses depicts mean, solid horizontal line depicts median, box depicts 25th to 75th percentile, and 
whiskers depicts min-max range of the values. Significance was compared to vehicle and IgG treated mice as 
assessed by ANOVA with Dunnett’s multiple comparison test. *, p < 0.05. n = 6 for each treatment group. Data 
represented as heat maps is in Fig. 7e.  
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Supplementary Figure 15. Proinflammatory cytokine and chemoattractant 
chemokine gene signatures are upregulated with SMC and immune checkpoint 
inhibitor combinatorial treatment. 
Mice were treated as in Fig. 6a, and intracranial CT-2A tumors were processed 
for quantitation of 176 cytokine and chemokine genes by RT-qPCR. Shown are 
normalized heat maps of major groups identified by hierarchical clustering. n = 4 
for each treatment group.
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Supplementary Figure 16. SMCs enhance clonal expansion of CD8+ T-cells in the presence of glioblastoma 
target cells.
Isolated splenic CD8+ T-cells derived from mice previously cured of CT-2A tumors were loaded with CFSE 
and co-incubated with CT-2A cells (10:1 ratio) for 96 h in the presence of vehicle or 5 μM LCL161 (SMC) or 
20 μg mL-1 of control IgG or anti-PD1. Viable cells were processed for flow cytometry. Significance was com-
pared to vehicle and IgG treated mice as assessed by ANOVA with Dunnett’s multiple comparison test. *, p < 
0.05; **, p < 0.01; ***, p < 0.001. n = 5 for each treatment group.  
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Supplementary Figure 17. SMCs are immunoregulatory drugs that act on tumor and immune cells to eradi-
cate cancer through the innate and adaptive immune systems.
Shown is a model depicting the single agent and combinatorial immunomodulatory effects of Smac mimetics 
based on our results and previously published findings. The effects of IAP antagonism on these immune or 
tumor cells are outlined below: (1) SMCs stimulates the production of cytokines and chemokines from various 
immune cells, such as macrophages or T-cells, which results in infiltration of immune cells within the tumor 
microenvironment1-3. (2) SMC treatment decreases the immunosuppressive macrophage M2 population and 
concomitantly increases the pro-inflammatory M1 population4. (3) SMCs deplete cIAP1 and cIAP2 to sensitize 
tumors to death by immune ligands, such as TNF-α or TRAIL1,5-8. Tumor cell death is sensed by the immune 
system resulting in the priming of a cytotoxic T-cell (CTL) response. (4) SMCs stimulate the TNF/TNFR family 
member CD40L/CD40 signaling pathway on antigen-presenting cells (APCs) to promote the differentiation and 
maturation of dendritic cells (DCs) and macrophages9. APCs present tumor antigens to the immune system 
and further release cytotoxic inflammatory cytokines. (5) As a consequence of degrading cIAP1 and cIAP2 by 
SMC treatment, SMCs activate the alternative NF-κB pathway, removing the need for a TNF superfamily ligand 
(such as 4-1BB) and therefore providing a T-cell costimulatory signal10, 11. (6) SMCs have been shown to 
increase CTL and natural killer cell mediated cell death12, 13. Granzyme B-mediated cell death is blocked by the 
X-linked IAP, XIAP, and this block can be overcome by the mitochondrial release of Smac or by its drug mimic, 
SMC13-15.
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Supplementary Figure 18. Full-length blots pertaining to (a) Fig. 2a, (b) Supplementary Fig. 3b, (c) Supple-
mentary Fig. 5 and (d) Supplementary Fig. 6.
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