Supplementary Figures
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Supplementary Figure 1. EMT is associated with the immunosuppressive microenvironments.
(a) Multiplex immunofluorescent staining of CD163, CD4, CD66b, CD68, and CD8a in 9 HNSCC samples with
differential expression levels of Snail (three cases for each expression level). Upper, representative IHC of
Snail. Lower, representative images of multiplex immunofluorescent staining of different markers in Snail (-,
+, ++) cases.
(b) Quantification of the percentage of signals in each image. Each group contains 3 patients and each patient
contains10 randomly selected fields were quantified for the signals. Scale bar=100 µm.
(c) Visium spatial transcriptomic analysis of a HNSCC tumor sample. Left, distribution of 12 transcriptomic
clusters in the tumor sample. Right, the expression of EMT-related gene and inflammasome-related genes in
the 12 clusters. The gene list of the EMT-related genes (ref. 26) and inflammasome related genes (Zheng et
al., 2020) is shown in Table S3. IRG, inflammasome-related genes.

2

3

Supplementary Figure 2. The supernatants of Snail-expressing cancer cells inhibit activation of NLRP3
inflammasomes.
(a) ELISA for analyzing the level of secreted IL-1β by nigericin-activated THP1-derived macrophages incubated
with the conditioned media (CM) from FaDu-Ctrl versus FaDu-Snail and OECM1-Ctrl versus OECM1shSnail. RPMI group was used as a baseline control of ELISA. Data shows mean ± S.D., n=3 independent
experiment (each experiment contains 2 technical replicates). ***P < 0.001, ns= no significance by Student’s
t-test.
(b) Left, immunoblots of cleaved caspase-1 p20 in supernatants (SUP), pro-caspase-1 and pro-IL-1β in whole
cell lysates (WCL) of nigericin-activated THP1-derived macrophages incubated with the conditioned
media (CM) from FaDu-Ctrl versus FaDu-Twist1 for 24 hr. β-actin was used as a loading control for
immunoblots. Right, ELISA for analyzing the level of secreted IL-1β by activated THP1-derived
macrophages in the corresponding groups. Data represent means ± S.D. n=2 independent experiment (each
experiment contains 2 technical replicates).
(c) Left, proximity ligation assay (PLA) signal of NLRP3 and ASC interaction in PBMC-derived macrophages
incubate with conditioned media from FaDu-Vec or FaDu-Snail. Nigericin was used for inflammasome
activation. Scale bar, 10 µm. Right, quantification of number of PLA signals per cell. For each group, at least
a total of fifteen cells from five randomly selected fields (four for FaDu-Ctrl) were used for PLA quantificatio n.
Data represent means ± S.D. **P < 0.01 by Student’s t-test.
(d) Left, immunoblots of cleaved caspase-1 p20 in supernatants (SUP), pro-caspase-1 and pro-IL-1β in whole
cell lysates (WCL) of cisplatin-activated PBMC- derived macrophages incubated with conditioned
media from FaDu-Ctrl/FaDu-Snail. β-actin was used as a loading control for immunoblots. Right, ELISA for
analyzing the level of secreted IL-1β by cisplatin-activated macrophages. The data is derived from one
independent experiment with 2 technical replicates.
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Supplementary Figure 3. Snail-expressing cancer cells suppress inflammasome activation and
characterization of exosomes secreted by cancer cells.
(a) PLA for detecting NLRP3 and ASC interaction in IFNγ-activated PBMC-derived macrophages in conditioned
media from FaDu-Ctrl/FaDu-Snail in the presence of neutralizing antibodies as indicated (anti-IL6, antiIL-8,
anti-CCL2, anti-CCL5, mix) for 24 hr (0.5 µg/ml). Scale bar, 10 µm.
(b) Immunofluorescent images of nigericin-activated THP1-derived macrophages transfected with GFP-tagged
ASC and incubated with conditioned media from FaDu-Ctrl/FaDu-Snail in the presence of indicated
neutralizing antibodies (anti-IL6, antiIL-8, anti-CCL2, anti-CCL5, mix) for 24 hr. Scale bar, 10 µm.
(c) Characterization of exosomes from FaDu-Ctrl/FaDu-Snail by nanoparticle tracking analysis (NTA) and
transmission electron microscopy (TEM). The insets show the representative images of TEM. Scale bar=100
nm.
(d) Western blots for analyzing the expression of Alix, CD63, CD81, CD9, and calreticulin for exosomes and
whole cell lysate (WCL) from FaDu-Ctrl/ FaDu-Snail. GAPDH was a loading control.
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Supplementary 4. Snail-expressing cancer cells secrete miR-21-abundant exosomes and miR-21 suppress
NLRP3 inflammasome activities.
(a) RT-qPCR for analyzing the exosomal miRNAs derived from FaDu-Ctrl/FaDu-Snail and OECM1Ctrl/OECM1-shSnail. The selected miRNAs were ranked top 10 in oral cancer derived exosomes (from
exosomal RNA-seq, see Table S2). Red, upregulation; green, downregulation. The data is derived from one
independent experiment with 2 technical replicates.
(b) Left, representative images of PLA for detecting NLRP3 and ASC interaction in nigericin-activated THP-1derived macrophages transfected with miR-10a, miR-21, miR191, or a control agomir. Scale bar, 10 µm. Right,
quantification of number of PLA signals per cell. For each group, at least a total of nineteen cells from
randomly selected fields were used for PLA quantification. Data represent means ± S.D. **P < 0.01 by
Student’s t-test.
(c) Left, genomic sequence of MIR-21 region of the wild-type THP-1 cell line (THP1-WT) or receiving
CRISPR/Cas9 to knock out MIR21 (THP1MIR21-/-). Right, RT-qPCR for detecting the expression level of
expression in THP1-WT and THP1MIR21-/-. n=3 independent experiments (each contains 2 technical replicates).
Data shows mean ± S.D. **P < 0.01 by Student’s t-test.
(d) A reporter assay for confirming the activity of miRZip anti-miR-21. HEK-293T cells were transfected with
the indicated plasmids and the fold change of firefly/renilla luciferase ratio was calculated to represent the
relative reporter activity of each condition. Data represent means ± S.D. n=3 independent experiment (each
experiment contains 2 technical replicates). **P<0.01, ***P<0.001 by Student’s t-test.
(e) A reporter assay for confirming the activity of anti-miR-21 in FaDu-ctrl/FaDu-Snail (left) and FaDu-Snail
transfected with anti-miR-21/control sequence (right). Data represent means ± S.D. n=3 independent
experiment (each experiment contains 2 technical replicates). **P<0.01 by Student’s t-test.
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Supplementary Figure 5. miR-21 targets the 3’-UTR region of BRCC3 to suppress its expression.
(a) RT-qPCR for analyzing the expression of ASC and NLRP3 in IFNγ-activated PBMC-derived macrophages
incubated with exosomes from FaDu-Ctrl or FaDu-Snail (FC-exo/FS-exo; upper panels), or IFNγ-activated
PBMC-derived macrophages transfected with miR-21 or control agomir (lower panels). Data represent means
± S.D. n=2 independent experiments (each experiment contains 2 technical replicates).
(b) Upper, western blot of NLRP3 and ASC in IFNγ-activated PBMC-derived macrophages incubated with
exosomes derived from FaDu-Vec or FaDu-Snail in the presence of cycloheximide (CHX) to inhibit de novo
protein synthesis. Lower, relative intensity of NLRP3 protein expression.
(c) Alignment of the sequences of miR-21 seed regions in BRCC3 3’-UTR among different species.
(d) RT-qPCR of BRCC3 in IFNγ-activated PBMC-derived macrophages transfected with miR-21 or control
agomir. Data represent means ± S.D. n=2 independent experiments (each experiment contains 2 technical
replicates).
(e) RT-qPCR of miR-21, BRCC3, and PDCD4 in IFNγ-activated PBMC-derived macrophages incubated with
conditioned media (CM) from FaDu-Ctrl(FC)/FaDu-Snail(FS) for 48 hr. n=2 independent experiments (each
experiment contains 2 technical replicates).
(f) RT-qPCR of miR-21, BRCC3, and PDCD4 in IFNγ-activated PBMC-derived macrophages incubated with
conditioned media (CM) from OECM1-Ctrl/OECM1-shSnail for 48 hr. n=2 independent experiments (each
experiment contains 2 technical replicates).
(g) Representation of the organization of BRCC3 transcript, and the wild-type or miR-21 binding site mutated
3’-UTR reporter constructs of BRCC3 (pMIR-BRCC3-wt and pMIR-BRCC3-mut).
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Supplementary Figure 6. Establishment of the murine Snail-overexpressing breast cancer and Snailknockdown lung cancer cell lines.
(a) Western blot of Snail in 4T1 cells transfected with Snail or a control vector (Ctrl). β-actin was used as a
loading control.
(b) Left, schema of the experiment. Orthotopic implantation of 5x105 of 4T1-Ctrl or 4T1-Snail cells into the
mammary fat pad of the BALB/c mice. Cisplatin (5 mg/kg) was given at 10th day after tumor cells inoculation.
The mice were sacrificed at 13th day for analysis. Right, serum IL-1β level of mice at 13th day (n= 6). Data
represent means ± S.D. * P < 0.01 by Student’s t-test.
(a) Western blot of Snail in LLC1 cells receiving an shRNA against Snail (shSnail) or a control sequence (shCtrl).
β-actin
was
used
as
a
loading
control.
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Supplementary Figure 7. Analysis of the infiltrated immune cells in murine oral cancers by single cell RNA
sequencing.
(a) Schema of the experiment. 1x106 MTCQ-WT/MTCQmir21-/- cells were inoculated to the subcutaneous region
of the C57BL/6J mice for 2 weeks (n=3 for each group). Cisplatin 5mg/kg was given intraperitoneally on 14th
day and the mice were sacrificed 72 hr after cisplatin injection. The tumors were harvested and the CD45+
cells were isolated by magnetic beads for the droplet-based single cell RNA sequencing and subsequent
analysis.
(b) t-SNE plots of the immune cells expressing different markers (Cd4, Cd8a, Cd11c, Cd79a, F4/80, and Foxp3)
in MTCQ1-WT and MTCQ1mir21-/--formed tumors 3 days after cisplatin (5mg/kg) injection.
(c) GO enrichment analysis of the biological pathways of the TAMs in other clusters versus cluster 2 (see Figure
6F for the TAM clustering).
(d) A heatmap for showing the expression of the M1 macrophages-related genes (left) and M2 macrophagesrelated genes (right) in different clusters of macrophages. Red, upregulation; green, downregulation.
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Supplementary Figure 8. Single cell RNA sequencing analysis of the infiltrated immune cells in murine oral
cancers.
(a) Transcriptional trajectory of infiltrated macrophages and monocytes of the tumors.
(b) Volcano plots of the differential expressed genes of the dendritic cells (classification by CIPR; see ref. 43)
from MTCQmir21-/-versus MTCQ1-WT-formed tumors. Red, upregulated genes; blue, downregulated genes.
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