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COMPOSITIONS AND METHODS RELATED TO SITE-SPECIFIC
IDENTIFICATION OF RNA MOBIFICATIONS

CROSS REFERENCE TO RELATED APPLICATION

166017  This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/782,906 filed December 20, 2018, which is incorporated herein by

reference in s entirety for all purposes.

(6002}
GOVERNMENT FUNDING
160031  This invention was made with government support under HGO08935, awarded by

the National Institutes of Health. The government has certain rights in the invention.
Figip

[6004] The present disclosure provides compositions and methods related o cancer
immunotherapy. In particular, the present disclosure identifies YTH N6-Methyladenosine
RNA Binding Protein 1 (YTHDF1) as a novel therapeutic target for cancer immunotherapy.
Embodiments of the present disclosure provide methods of enbancing cancer inununotherapy
that involve attenuating YTHDF1 activity in various cells of the immune system (e.g., APCs)

to induce a sufficient and lasting antitumor inpnune response.
BACKGROUND

jB00GS]  Spontancous T cell priming against tumor neoantigens is critical for the clinical
cfficacy of immunotherapies. However, in many patients, neoantigen recognition is insufficient
to induce the lasting T cell response required for complete tumor rejection. Identifying
maolecular pathways that influence the immunoreactivity to tumor neoantigen could provide
targets for improving the response to immunotherapy. For example, m®A, the most abundant
internal mRINA modification, is responsible for posttranscriptional regulation of mRNA in
diverse cell types. Additionally, m®A can affect mRNA translation efficiency via the m®A-
binding protein YTHDF1. Dysregulation of m°A pathway components could trigger aberrant
oncogene expression, revealing a hink between m°A and tumorigenesis. As most previous
reports focused on tumor-intrinsic oncogenic pathways, potential roles of the mRNA mA
madification in host antitumor immune responses are unknown. Further, the roles of various

mP®A reader proteins in cancer remain largely unexplored.
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SUMMARY

[8086] Embodiments of the present disclosure include a method for enhancing cancer
immunotherapy treatment comprising atteruating activity of YTH N6-Methyladenosine RNA
Binding Protein 1 (YTHDF1) in a subject receiving treatment with an anficancer agent. In some
embodiments, YTHDF] activity s attenuated in an antigen presenting cell (APC). In some
cmbodiments, YTHDFT activity is attenuated in a dendritic cell (DC). In some embodiments,
attenuation of YTHDFED activity redoces expression of lysosomal cathepsins. In some
cmbodiments, the anticancer agent is an immune checkpoint inhibitor. In some embodiments,
the inmmune checkpoint inhibitor is at least one of a PD-L1 antibody, a PD-1 antihody, a CTLA4
antitbody, a CSG1 antibody, an IDO inhibitor, Pembrohzumab (Keywuda}, Nivohimab
(Opdive), Cemiplimab  (Libtayo), Aterolizumab  (Tecentriq), Avehumab  (Bavencio),
Durvalumab (Imfinzi), and Ipilimumab (Yervoy).

[8667] In some embodiments, YTHDFIL activity is attenuated using at least one of
antibodies and any derivatives thereof, antibody-drug conjugates, fusion proteins, small
maolecules, dsRNA, siRNA, anti-sense technology, aptamers, and gene editing technology (e.g.,
CRISPR-based methods).

[#008] Embodiments of the present disclosure also include a composttion for treating cancer
comprising an anticancer agent, and a Y [H N6-Methyladenosine RNA Binding Protein 1
(YTHDF1) inhibitor. In some embodiments, the anticancer agent is an immune checkpoint
inhibitor selected from a PD-L1 antibody, a PD-1 antibody, a CTLA4 antibody, a USG1
antibody, an IDO inhibitor, Pemnbrolizumab (Kevtruda), Nivolumab (Opdive), Cemiplimab
(Libtayo), Atczolizumab (Tecentriq), Avelumab (Bavencio), Durvalumab (Imfinzi), and
Ipilimumab (Yervoy). In some embodiments, the YTHDVF] inhibitor is selected from
antitbodies and any derivatives thereol, antibody-druog conjugates, fusion proteins, small
molecules, dsRNA, siRNA, anti-sense technology, aptamers, and gene edifing technology (e.g.,
CRISPR-based methods).

[866%9] Embodiments of the present disclosure also include methods for enhancing cancer
immunotherapy treatment comprising attenuating activity of one or more lysosomal cathepsins
in a subject receiving treatment with an anticancer agent. In some cmbodiments, lysosomal
cathepsin activity is attenuated using at least ovne of antihodies and any derivatives thereof,
anttbody-drug conjugates, fusion proteins, small molecoles, dsRNA, siRNA, anti-sense

technology, aptamers, and gene editing technology (e.g., CRISPR-based methods). In some

2o



WO 2020/132536 PCT/US2019/068001

embodiments, lysosomal cathepsin activity is attenuated using one or more of £64, CA-074,
and CASHL

[8G18] Embodiments of the present disclosure include use of a YTH N6-Methyladenosine
ENA Binding Protein 1 (YTHDF1) attenuating agent for treating cancer (e.g., melanoma,
breast cancer, lung cancer, ovarian cancer, brain cancer, liver cancer, cervical cancer, colon
cancer, colorectal cancer, renal cancer, skin cancer, head & neck cancer, bone cancer,
esopbageal cancer, bladder cancer, uterine cancer, lyrophatic cancer, stomach cancer,
pancreatic cancer, tesacular cancer, lymphoma, and leskemia). Embodiments of the present
disclosure also include use of an agent aticnuating YTHDF] activity in the preparation of a
composition and/or a medicament for treating cancer.

[8018] Embodiments of the present disclosure include use of an agent attenuating YTHDF1
activity in combination with an immunotherapy for treating cancer. Embodiments also include
usc of an agent attenuating Y THDF1T activity in combination with an immunotherapy in the
preparation of a composition and/or a medicament for treating cancer.

[6612] Embodiments of the present disclosure include use of an agent attenuating Y THDF]
activity in combination with an immune checkpoint inhibitor (e.g., a PD-L1 antibody, a PD-1
antibody, a CTLA4 antibody, a CSG1 antibody, an IDO inhibitor, Pernbrolizumab (Keytruda),
Nivolumab (Opdivo), Cemiplimab (Libtayo), Atezolizomab (Tecentriq), Avehimab
(Bavencio), Durvalumab (Imfinzi), and Ipilimemab (Yervoy)) for treating cancer.
Embaodiments also include use of an agent attenuating YTHDF1 activity in combination with
an iromune checkpoint inhibitor in the preparation of a composition and/or a medicament for
treating cancer.

[8013]  In accordance with the above embodiments, YTHDF1 activity is attenuated using at
least one of antithodies and any derivatives thereof, antibody-drug conjugates, fusion proteins,
small molecules, dsRNA, siRNA, anti-sense tochnology, aptamers, and gene editing
technology (e.g., CRISPR-based methods).

[6014] Embodiments of the present disclosure include use of an YTHDF attermating agent
for decreasing/repressing the expression {e.g., translational efficiency) of iysosomal cathepsins
(cathepsin B, cathepsin L, cathepsin D).

[601%]  Embodiments of the present disclosure include use of an agent attcnuating lysosomal
cathepsin activity in combination with immunotherapy {e.g.. an ironmune checkpoint inhibitor)
for treating cancer. Embodiments also include use of a YTHDF/ attenuating agent and/or an

agent attenuating lysosomal cathepsin activity for one or more of the following: enhancing
3
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immunosurveillance; increasing CD8+ cytotoxic T cells in tumor; increasing CD8+ T cells
against tumor neoantigen; reducing infiltration of myeloid-derived suppressor cells (MOST)
in temor; increasing cross-priming ability of APCs (3C) (e.z., those induced by CD8a+ DCs
and/or CD11b+ DC); enhancing the cross-presentation of tumor antigens on DCs; and

enhancing the antitumor response of immumne checkpoint blockade {e.g., anti-PD-L1 antibody}.
Briry BESCRIPTION OF THE DRAWINGS

[8016] FIGS. 1A-1E: Yihdf17 mice show effective tumor control dependent on CD8' T
cells. A-B, WT or Yrhdf/” mice were injected subcutaneously (s.c.) with 10° B16-OV A celis.
Tamor growth (A) and survival (B) were monitored. Mice with tumor volumes less than 200
mm® are considered to be surviving. One of three representative experiments is shown, C, WT
or Yrhdfl” mice were injected s.c. with 10° MC38 cells. Tumor growth was monitored. Oue of
three representative experiments is shown. D, Percentage of tumor-infiltrating T cells and NK
cells at day 12 post tumor inoculation. B, WT or Yehdf!™ mice were injected s.c. with 10°B16-
OV A cells. 200 ug of CDIS- or NK-depleting antibody were administered twice a week starting
on day 0. Tumor size was monitored over time. The number of mice for each experiment is as
follow: n = 10 per group (A); n= 7 (WT), n = & (YrhdfI’) (B); n= 5 per group (C); 1 = 4 per
group (D); n= 6 (W), n = 4 (YethdfI”), n = 6 (YthdfI" + anti-NK1.1), n = 7 (Yehdfl” + anti-
CDR) (B). Data are mean + s.c.m. and were analyzed by two-tailed unpaired Student's t-test (A,
C-E) or log-rank (Mantel-Cox) test (B).

[06017]  FIGS. 2A-21: Cross-priming capacity of DC is enhanced in Ythdf1” mice. A-C, WT
or Yihdfl”™ mice were injected s.c. with 10° B16-OVA cells. The frequency of tumor-
infiltrating OVA-Specific CDE* T cells was assessed 12 days post tumor inoculation (A-B).
Six days post tumor inoculation, lymphocytes from DLN were isolated and stimulated with 10
ug/ml OTI peptide. IFN-y-producing cells were enumerated by ELISPOT assay (C). D, WT
or Yrhdfl” mice were injected s.c. with 108 MC38 cells. Six days post tumor inoculation,
tymphocytes from DLN were isolated and stimulated with trradiated MC33 cells for 48 hours.
E, Fi3L-DCs were co-cultured with necrotic B16-OVA overnight, and B223 CD11c* celis
were purified and co-cultured with OT-1 T cells. IFN-y production was assessed by IFN-y
cytometric bead array. Data are representative of three independent experiments performed in
six technical replicates. F, 6 days after tumor inoculation, CD8* or CD11b* DCs were sorted
from draining LNs. DCs were co-cuitured with isolated OT-1 cells for 3 days and analyzed by
IFN-y CBA. G-H, Formation of H-2KP-SHNFEKL on tumor-infiltrating DCs from B16-OVA

4
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tumor-bearing WT and Yehdfl ™ mice (G). Mean fluoresce intensity (MFI) is shown (H). [, WT
mice were transferred with WT or YradfI” bone marrow cells mixed (BMCs) with Zbth46-
DTR BMCs with a 1:1 ratio. Six weeks after bone marrow chimera reconstitution, mice were
injected s.c. with 1x10° B16-OV A cells. 400 ng DT was administrated on the same day (+ DT).
Tuamor size was monitored over time. The nomber of mice for cach expeniment is as follow: n
=5 (W), n=4 (Yrhdf!”)y (B); n =4 per group (C, H, 1); n = 3 per group (D, F). Data are mean
+ s.e.m. and were analyzed by two-tailed unpaired Student's t-test. Data are representative of
two independent experiments (A, G).

[8018] FIGS. 3A-3E: Transcriptome-wide identification and analysis of the YTHDFI-
binding sites. A, Volcano plots of genes with differential translational efficiency in WT and
Yehdf!” FIGL-DCs. Transcripts with significant YTHDF1 binding sites in 37 UTR were
marked with yellow circles. P values were calculated by likelihood ratio test and adjusted by
Benjamini & Hochberg method; n = 2 independent biological replicates. B, Cumulative
distribution fog:FoldChange of translational efficiency between WT and Yehdf! "~ FIGL-DCs.
P values were calculated by two-sided Kolmogorov-Smirnov test; n = 2 independent biological
replicates. Box-plot clements: center line, median; box limits, upper and lower gquartiles;
whiskers, 1-99%. C, Metagene-plot depicting nearly unchanged m®A peak distribution and
similar consensus motifs in WT and Yeidf?7 Fit3L-DCs. P values of consensus motifs were
generated by HOMER. D, KEGG enrichment analysis of genes with significant decreased
translation efficiency and YTHDF] binding sites in 3" UTR {n = 204). One-tail hypergeometric
test was used to determine statistical significance of enrichment. E, Heatmap showing the
translational efficiency of lysosome genes, co-stimulatory/inhibitory molecules (signal 2) and
cytokines (signal 3) in WT and YrhdfI” FIt3L-DCs.

[8618]  FIGS. 4A-4F YTHDFI s involved in the active translation of proteases for
excessive antigen degradation. A, Representative histogram plots showing expressions of
cathepsins on splenic CD8a and CD11b* ¢DCs from WT and Yehdfl" mice. B, WT mice were
injected s.c. with 10° B16-OVA cells. After 11 days, tumor-bearing mice were injected with
DMS( as vehicle control (CTR) or E64 intratumorally (5 uM or 50 pM). Tumor growth was
monitored over time. C, WT or Yehdf1”" mice were injected s.c. with 105 B16-zsGreen-0OT1
cells. The PDL1 expression on zsGreen™ tumor cells is shown. D, WT or Yihdf!” mice (n =
S/group) were injected s.c. with 10° B16-OVA cells. 200 ug of anti-PDL1 antibody were
administered on day 8 and day 15. Percentage of mice with turnor regression were monitored

over time and represented as perceni tumor-free survival. (E-F) Tissue sections were
5
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characterized by immunohistochemical staining for CD8 and YTHDF]. Dash line delineates
the edge of tumor arca. Asterisk marks the stroma tissues. Representative Y THDF] low
(Patient 1) and YTHDFI high (Patient 5) specimens are shown (E). Scale bars, 100 um. F,
Correlations between YTHDF1 in stroma area and CD8" infiltrates are shown (n = 22 patients).
Data are representative of two independent experiments (A, C); One of three representative
images per tumor was shown (B). The number of mice for each cxperiment is as follow: n=4
per group (b); n=5 (W), n = S{¥Yhdfl7), n = 6 (WT+ anti-PD-L1), n = 7 (Vehdfi” + anti-
PD-L1) (B, F). Data are mean + s.e.an. and were analyzed by two-tailed unpaired Student's -
test (B, F) or log-rank (Mantel-Cox} test (D).

[6028]  FIGS. 5A-5C: Deletion efficacy of Yrhadfl” mice. A-B, Off-target analysis of the
CRISPR/Cas9 systemn in Yrhdf7” mice. (A) Yihdfl sgRNA targeting sites and four putative
off-target sites were amplified. (B) PCR products of Yihdf1” mice and WT mice were mixed
and digested by T7EL The PCR product from WT mice was used as negative coutrol. C,
Immunoblot assays were shown to validate YTH protein expression level changes in Yehdf7”
DCs. Data are representative of one experiment (A, B) and two independent biological
replications for (C).

[8021] FIGS. 6A-GE: Characterizations of tromune phenotypes of Ythdfl-deficient mice. a-
E, WT or Yihdf{” mice were injected s.c. with 10°B16-OVA cells. (A, B) The frequency of
tamor infiltrating MDSC (Ly6c™CD11b") cells was assessed 12 days post tumor inoculation.
(C, D) The percentages of Treg in spleen, draining lvmph node (BLN) and tumor are shown.
(£} Degranulation of tumor NK cells in response to in virro ve-stimulation with
PMA/ionomycin. Data are representative of two independent experiments {A, C). The number
of mice for cach experiment is as follow: n =2 (Spleen), n = 2 (DLN}, n =4 (Tumor) (B); n =
4 per group D); n=4 (Spleen), n = 7 (Tumor) (E). Data are mean + s.e.nl. and were analyzed
by two-tailed unpaired Student's t-test.

66227 FIGS. 7A-7F: Cross priming of tumor neoantigen is increased in Yehdf]-deficient
mice. A, Rag2” mice were transferred with T cells isolated from WT (n = 4) or Yrhdfi” mice
{n = 4) on day 0. Rag mice {n = 5} were used as contols. On the same day, mice were injected
s.c. with 5x10° B16-OVA cells. Tumor growth was monitored over time. B, WT or Yrhdf1”
mice were injected s.c. with 10° MC38-OTlp cells. 6 days after mumor inoculation, CD&* or
CD1ib* DCs were sorted from draining L.Ns. DCs were co-cultured with CD8* T cells isolate
from naive OTI mice. Capacity of cross priming was determined by the production of IFN-y.

C, WT or YihdfI” mice were injected s.c. with 10°MC38-81Y cells. 6 days after tumor
6
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inoculation, DCs were sorted from draining LNs and co-cultured with CD8* T cells isolated
from naive 2 mice. Capacity of cross priming was determined by the production of IFN-y. I,
WT or Mett/4d-deficient GMDCs were co-cultured with B16-OVA cells. The cross-priming
capacity was shown. E, WT or Yehdf/™ mice were injected s.c. with 10° B16-OVA cells. Data
is shown as the expression of CD80 and CDI86 on tumor infiltrating DCs. F, WT or YthdfI ™"
mice were injected s.c. with 10° B16-OVA cells. Six days after tumor inoculation, CD8* or
CD11b* DCs were sorted from draining LNs. DCs were pulsed with 1 pg/ml exogenous OT-1
peptide and co-cultured with isolated CD8' T celis from naive OTI mice for 3 days and
analyzed by IFN-y CBA. Data are representative of two independent experiments E). The
number of mice for cach experiment is as follow: n =3 per group B, Dyyn=4 (Wl n=96
(Yehdf17y (C); n = 4 per group (F). Data are mean + s.e.m. and were analyzed by two-tailed
unpaired Student's t-test (A-C, F) or one-tailed unpaired Student’s t-test (D).

16623] FIGS. SA-8D: The development of DCs and T cells were similar in Yehdfi** and
Yihdfi” mice. A-B, Percentages of CD11b™ and CD8a™ DCs in lymph node (LN) and spleen
are shown. C-D, Percentages of CD4* and CD8* T cells in lymph node (LN) and spleen are
shown. No significant difference was detected between WT and Ythdf!” mice. The number of
mice for each experiroent is as follow: n = 4 per group (A, C, D), n = 4 (W), n=5 (Ythdfi™)
(B). Data are mean # s.e.m. and were analyzed by two-tailed unpaired Student's t-test.

[8624) FIGS. 9A-9D: In vitro functional analysis of GMUSF-induced DCs (GMDCs)
generated from Ythdfi” mice. A, The production of 1L-6, CCL2 and TNFa upon stimulation
of Yehdf1”- GMDCs with LPS. B-C, WT (n = 4) or Ythdf!” (n = 4) mice were injected s.¢. with
10° B 16-OTI-2sGreen cells. Percentage of tumor infiltrating zsGreen™ DC, six days after tumor
inoculation, is shown. Data are representative of two independent experiments (B). B, Splenic
DCs from WT and Yohdf!” mice were stinuilated with LPS overnight. Cross-presentation
capacity of D{Cs in response to soluble OV A was assessed. n = 3 independent experiments for
(A); n = 6 independent experiments for (I3). Data are mean £ s.e.m. and were analyzed by two-
tailed unpaired Student's t-test,

[8625] FIGS. 10A-10D: Transcriptome-wide analysis of the YTHDFI binding sites in
Fit3L-DCs. A, High reproducibility of YTHDF] RIP-seq data. For each potential YTHDF1
binding peak, the fold-enrichment of RIP/Input signal was determined for both Replicate 1 and
Replicate 2. The peaks identified in both replicates were considered as high-confidence peak

and indicated in red. B, Overlap of YTHDFI-binding transcripts revealed from RiP-seq of two
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biological replicates. C, Meta-gene analysis to show the distribution of YTHDF1-binding sites
along a normalized transcript. S, Distribution of YTHDF1-binding sites in transcripts.

[8026] FIGS. 11A-11G: YTHDFI-deficient GMDCs exhibit lower translational rates. A,
High veproducibility of YTHDF1 RIP-seq data in GMDUCs. For each potential YTHDFI
binding peak, the fold-enrichment of RIF/Input signal was determined for both Replicate 1 and
Replicate 2. The peaks wdentified in both replicates were considered as high-confidence peak
and indicated in red. B, Volcano plots of genes with differential translational efficiency in WT
and Yihdfl”- GMDCs. YTHDF! targets were marked with yellow circles. P values were
calculated by likelihood ratio test and adjusted by Benjamini & Hochberg method; n = 2
independent biological replicates. C, Cunmlative distribution log?FoldChange of translational
efficiency between WT and Yehdfi” GMDCs. P values were calculated by two-side
Kolmogorov-Smirnov test; n = 2 independent biological replicates. D, Pic charts presenting the
distribution of YTHDFI1-binding sites in transcripts. E, Metagenc-plot depicting nearly
unchanged m®A peaks distribution and similar consensus motifs in WT and Yrhdf7” GMDCs.
P values of consensus motifs were generated by HOMER. F, KEGG and GO envichment
analysis of YTHDF] target genes revealed enrvichment of biological functions related to innate
tmmune system, lysosome and phagosome (n = 79). One-tail hypergeometric test was used to
determine statistical significance of enrichment. &, Heatmap showing transiational efficiency
of cathepsin genes in GMDCs and Flt3L-D(Cs.

{30277 FIGS. 12A-12F: Antigen degradation is reduced in Ythdf!™™ mice and inhibition of
protease cathepsins enhanced the cross-privning of WT DCs. A, WT and Yrhdf?” DCs were
treated with Actinomycin D, RNAs collected at different timne points after treatment, and
mRNA levels were measured using RT-gPCR and represented as mRNA remaining after
transcription inhibition (T1). NS, not significant. B, GMDCs were co-cultured with necrotic
B16-OVA cells overnight. Immunobiot analysis of proteases Cathespins B/D/L (CTSB, CTSD
and UTSL) in GMDCs. €, GMDCs were co-cultured with necrotic B16-0V A cells overnight
and OV A degradation in BMDCs was measure by Immunoblot. D, £x vive purified wild-type
cDCs were pre-treated with 0.04 pM cathepsin inhibitor E64 and pulsed with OV A protein for
4 h. The cross-priming capacity of DCs was compared by co-culturing DCs with cell trace
violet (CTV) labeled OTI-T cells. The proliferation was measured by the dilution of CTV. E,
GMDCs were pre-treated with 0.2-2 pM cathepsin inbibitor £64 and co-cultured with B16-
OV A cells. The cross-priming capacity of DC was compared by co-culturing BCs with isolated

CD8" T cells from naive OTI mice and analyzed by IFN-y cytometric bead array. F, Fit3L-DCs
8
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were pre-treated with cathepsin inhibitor CA-074 ov/and cathepsin L inhibitor IH (CASIID,
followed by co-culturing with necrotic B16-OVA cells. Synergistic inhibition effects were
observed. The cross-primning capacity of DC was determined; n = 2-3 independent experiments
(A, D); n = 13-4 independent experiments (B, F).

[8028] FIG. 13: IFNy within tumor tissues is responsibie for the upregulation of PD-L1 in
Yehdfi” mice. Tumor-bearing mice were treated with 50 pg anti-IFNy mAb intratumorally (i.t.)
and PD-1L.1 expression on tumor cells is shown. The number of mice was n =3 (WT), 0 =35

(Ythdfl™), and n = 3 (Ythdfi” +anti-IFNy).
DETAILED DESCRIPTION

[6628] The present disclosure provides compositions and methods related to cancer
immunotherapy. In particular, the present disclosure identifies YTH N6-Methyladenosine
RNA Binding Protein 1 (YTHDF1) as a novel therapeutic target for cancer immunotherapy.
Embodiments of the present disclosure provide methods of enhancing cancer immunotherapy
that involve attenuating YTHDF] activity in various cells of the immune system (e.g., APCs)
to induce a sefficient and lasting antitumor immmune response.

[8038] Emerging evidence suggests umportant roles of tumor neoantigens in generating
spontancous antitumeor imuaune responses  and  predicting  clinical responses  to
immunotherapies. Despite the presence of numerous ncoantigens, complete tumor climination
ravely occurs in many patients, often times duoe to failures in mounting a sufficient and lasting
antitumor immune response. Embodiments of the present disclosure demonstrate that durabie
necantigen-specific immunity is regulated by messenger RNA (mRNA) Né-methyadenosine
(mCA) methylation through the m®A-binding protein YTHDF1. For example, in contrast o
wild-type mice, YehdfI-deficient (¥ihdfi™) mice exhibit an elevated antigen-specific CD8* T
ccll antitumor response. Loss of YTHDFT in classical dendritic cells {cDCs} enhanced the
cross-presentation of tumor antigen and the cross-priming of CD8Y T cells in vive.
Mechanistically, transcripts encoding lysosomal proteases are marked by m®A and recognized
by YTHDFI. Binding of YTHDF! to these trauscripts clevates translation of lysosomal
cathepsins in XCs, with the ishibition of cathepsins markedly enhancing cross-presentation of
the wild-type DCs. Furthermore, the therapeutic efficacy of PD-L1 checkpoint blockade is
enhanced in Yehdfl mice, implicating YTHDF1 as a new potential therapeutic target in cancer

immunotherapy.
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[6638] Among other findings, embodiments of the present disclosure discovered that colon
cancer patients with low expression of YTHDF1 in tumor siroma tended to have higher number
of CD8” cells, while hiopsies with notably high expression of YTHDF1 in the twoor stroma
tacked CD&* cell infiltrates (see, e.g., FIGS. 4E-41), demonstrating the correlation between
reduced YTHDF1 expression and T-cell activation in the inflamed twmor microenvironment.
{33321 Additionally, as would be recognized by one of ordinary skill in the art based on the
present disclosure, clinical responses to immunotherapy do not always correlate with the
necantigen burden. Tumors can evade immune recognition despife expressing neoantfigens.
Results of the present disclosure reveal that the m®A-marked mRNAs encoding lysosomal
proteases are recognized by YTHDFT in DCs. YTHDFI binding promotes translation of
lysosomal proteases, suppressing the cross-presentation of engulfed turnor neoantigens, which
represents a previously unrecognized mechanism of immune evasion. Results of the present
disclosure demonstrate that YTHDY1 is a therapeutic target for imnwunotherapy, and can also
be modulated in combination with emerging checkpoint inhibitors or DC vaccines.

[8633] Section headings as used in this section and the entive disclosure herein are merely

for organizational purposes and arc not intended to be limiting.
1. Definitions

16034]  Unless otherwise defined, all technical and scientific terms used herein have the
sarpe meaning as commonly understood by one of ordinary skill in the art. In case of conflict,
the present document, including definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or equivalent to those described
herein can be used in practice or testing of the present disclosure.  All publications, patent
applications, patents and other references mentioned herein are incorporated by reference in
their entirety. The materials, methods, and exampies disciosed herein are illustrative only and
not intended to be limiting.

[88331 The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain{s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms

G4, 29 4%

a,” “and” and “the” include plural references unless the context clearly dictates otherwise.

s

The present disclosure also contemplates other embodiments “comprising,” “consisting of” and
“consisting essentially of,” the embodiments or elements presented herein, whether explicitly
set forth or not.
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[6336] TFor the recutation of numeric ranges herein, each intervening number there between
with the same degree of precision is explicitly contemplated. For example, for the range of 6-
9, the numbers 7 and ¥ are conternplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are cxplicitly contemplated.
[6837] “Correlated to” as used herein refers to compared to.

18838]  The modifier “about” used in connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context (for example, it includes at Ieast the degree
of error assoctated with the measarement of the particolar quantity). The modifier “about”
should also be considered as disclosing the range defined by the absolute values of the two
endpoints. For example, the expression “from about 2 to about 47 also discloses the range “from
2 to 47 The term “about” may refer to plus or minus 10% of the indicated number. For
example, “about 10%” may indicate a range of 9% to 11%, and “about 17 may mean from 0.9-
1.1. Other meanings of “about” may be apparent from the context, such as rounding off, so, for
cxample “about 17 may also mean from 0.5 t0 1.4

[863%] “Anubody” and “antibodies” refer to monoclonal antibodies, multispecific
antibodies, bifunctional antibodies, human antibodics, humanized antibodies (fully or partially
bumanized), animal antibodies (such as, but not limited to, antibodies obtained or derived from
a bird (for example, a duck or a goose), a shark, a whale, and a mammal, including a non-
primate {(for example, a cow, a pig, a camel, a llama, a horse, a goat, arabbit, a sheep, a hamster,
a guinea pig, a cat, a dog, arat, a mouse, ¢ic.) or a non-human primate (for example., a monkey,
a chimpanzee, etc.), recombinant antibodies, chimeric antibodies, single-chain fragment

113

variable ("scFv”), single chain antibodies, single domain antibodies, Fab fragments, Flab’)
fragments, F(ab’), fragments, disulfide-linked fragment variable (“sdFv™), and anti-idiotypic
(“anti-1d”) antibodics, dual-domain antibodies, dual variable domain (DVD) or triple variable
domain (TVD) antibodies {see, e.g., Wu ¢t al, Nasre Biotechnology, 25(11y: 1280-1287
(2007, and International Patent Application Publication No. WO 2001/058956)), and
functionally active epitope-binding fragments of any of the above. The term “bifunctional
antibody,” as used herein, refers to an antibody that comprises a first arm having a specificity
for one antigenic site and a second arm having a specificity for a different antigenic site, t.e.,
the bifunctional antibodics have a dual specificity.

[8046]  The terms “antibody fragment” and “antibody fragments” refer to a portion of an
intact antibody comprising the antigen-binding site or variable region. The portion does not

include the constant heavy chain domains (i.e. CH2, CH3 or CH4, depending on the antibody
11
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isotype) of the Fe region of the intact antibody. Examples of antibody fragments include, but
are not limited to, Fab fragments, Fab’ fragments, Fab'-SH fragments, F(ab"), fragments, Fd
fragments, Fv fragments, single-chain Fv (scFv) mwolecules, single-chain polypeptides
containing only one light chain variable domain, single-chain polyvpeptides containing the threc
CDRs of the light-chain variable domain, single-chain polypeptides containing only one heavy
chain variable region, and single-chain polypeptides containing the three CDRs of the heavy
chain variable region.

[864%1  As used herein, “diagnosis” and similar terms refer o the identification of a
particular disease.

[6042]  “Label” and “detectable label” generally refers to a moiety attached, directly or
indirectly, to an analyte-binding molecule (e.g., antibody or analyte-reactive fragment thereof)
or an analyte to render the reaction between the analyte-binding molecule (c.g., antibody or
analyte-reactive fragrment thereof, a nucleic acid probe, etc.) and the analyte detectable, and the
an analyte-binding molecule {(e.g., antibody or analyte-reactive fragrment thereof) or analyte so
labeled is referred to as “detectably-labeled.” A label can produoce a signal that is detectable,
such as by visual or instrumental means. In some aspects, a label can be any signal-generating
moiety, and sometimes is referred to herein as a reporter group. As used herein, the label {or
signal-generating moiety) produces a measurable signal which is detectable by external means,
such as by the measurement of electromagnetic radiation, and, depending on the system
cmployed, the level of signal can vary to the extent the label is in the environment of the solid

sapport {(e.g., an electrode, microparticle or bead).

97 4% 97 4% 2% 6

[6643] “Sample,” “biological sample,” “test sample,” “specimen,” “sample from a subject,”
and “paticnt sample” as used herein may be used interchangeable and may be a sample of
blood, tissue, urine, serurm, plasma, amniotic fluid, cerebrospinal thid, placental cells or tissue,
endothelial cells, leukocytes, or monocytes. The sample can be used divectly as obtained from
a patient or can be pre-treated, such as by filtration, distillation, extraction, concentration,
centrifugation, inactivation of interfering components, addition of reagents, and the like, to
modify the character of the sample in some manner as discussed herein or otherwise as i3
known in the art.

[8044]  Anv cell type, tissue, or bodily fluid may be utilized to obtain a sample. Such cell
types, tissues, and fhiid may include sections of tissues such as biopsy and autopsy samples,
frozen sections taken for histologic purposes, blood (such as whole blood), plasma, serum,

sputum, stool, tears, mucus, saliva, hair, skin, red blood cells, platelets, interstitial thuid, ocular
12
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1
3

lens fluid, cerebral spinal fluid, sweat, nasal floid, synovial fhid, menses, amniotic fluid,
semen, etc. Cell types and tissues may also include lymph fluid, mammary tissue, epithelial
tissue, ascetic fluid, gynecological fluid, urine, peritoneal fluid, cerchrospinal fluid, a fluid
collected by vaginal rinsing, or a fhid collected by vaginal flushing, breast tissue, ovarian
tissue, brain tissue, bone tissue, genital tract tissue, gastroiniestinal tract tissge, nervous system
tissue, lung tissue, prostate tissue, and immune system tissue. A tissue or cell type may be
provided by removing a sample of cells from an aniral, but can also be accomplished by using
previously isolated cells (e.g., isolated by another person, at another time, and/or for another
purpose). Archival tissues, such as those having treatment or outcome history, may also be
used. Protein or nucleotide isolation and/or purification may not be necessary.

[80458] As used herein, the terms “‘subject” and “patient” are used interchangeably
irrespective of whether the subject has or is currently undergoing any form of treatment. As
used herein, the terms “subject” and “subjects™ refer to any vertebrate, including, hut not
limited to, a mammal (e.g., cow, pig, camel, Hama, horse, goat, rabbit, sheep, hamsters, guinea
pig, cat, dog, rat, and mouse, a non-human primate (for example, a monkey, such as a
cynomolgous monkey, chimpanzee, etc.) and a human). In some aspects, the subjoct is a
human.

s

[8846] The terms “treat,” “treated,” or “treating,” as used herein, refer to a therapeutic
method wherein the object is to slow down (lessen) an undesired physiological condition,
disorder or disease, or to obtain beneficial or desired clinical results. In some aspects of the
present disclosure, heneficial or desived clinical results include, but are not limited to,
abieviation of symptoms; diminishment of the extent of the condition, disorder or diseasg;
stabilization (i.c., not worsening) of the state of the condition, disorder or discase; delay in
onset or slowing of the progression of the condition, disorder or disease; amelioration of the
condition, disorder or disease state; and remission (whether partial or total), whether detectable
or undetectable, or enhancement or improvement of the condition, disorder or discase.
Treatment also includes prolonging survival as compared to expected survival if not receiving
treatment.

[8647]  Unless otherwise defined herein, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are compmonly understood by those of
ordinary skill in the art.  For cxample, any nomenclatures used in connection with,
and techmgues of, cell and ussue culture, molecular biology, immunology, mucrobiology,

genetics and protein and nucleic acid chemistry and hybridization described hercin are
13
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those that are well known and commonly used in the art. The wmeaning and scope of the terms
should be clear; in the event, however of any latent ambiguity, definitions provided herein take
precedent over any dictionary or extrinsic definition. Further, unless otherwise required by

context, singular terms shall include pluralities and plural terms shall include the singular.
2. Lompositions and Methods

[6048] Embodiments of the present disclosure include methods for treating cancer in a
subject by attemmating activity of YTH N6-Methyviadenosine RNA Binding Protein 1
(YTHDFI). In accordance with these cmbodiments, the method can include attenuating
YTHDFI activity in an tmmnuone cell, including but not Iimited to, an antigen presenting cell
(APC) such as a dendritic cell (DC). Attenuating YTHDFE] activity in a DO can be used to {reat
any type of cancer, including but not limited to, melanoma, breast cancer, lung cancer, ovarian
cancer, brain cancer, liver cancer, cervical cancer, colon cancer, colorectal cancer, renal cancer,
skin cancer, head & neck cancer, bone cancer, esophageal cancer, bladder cancer, uterine
cancer, lymphatic cancer, stomach cancer, pancreatic cancer, testicular cancer, lymphoma, and
leukernia.

[8349]  In some embodiments, an inhibitor of YTHDFT activity can be any molecule or
agent that functions to reduce, atienuate, of climinate YTHDFET activity, including but not
limited to, antibodics and any derivatives thercof, antibody-drug conjugates, fusion proteins,
small molecules, dsRNA, siRNA, anti-sense technology, aptamers, and gene editing
technology (e.g., CRISPR-based methods). As would be recognized by one of ordinary skill in
the art based on the present disclosure, inhibiting or attenuating YTHDFE] activity can include
genetic means {(e.g., gene silencing or knockdown using gene editing tools such as CRISPR-
Cas?, TALENs, ZFNs, and the like)}, as well as antisense nucleotides that target mRNA stability
or expression (e.g., dsRNA, siRNA, anti-sensc aptamers, and the like). Inhibiting or attenuating
YTHDF] activity can also include methods that interfere with the activity of YTHDFI protein
itselt, such as antibodies that bind o YTHDF1 and inhibit one or more aspects of 1ts function,
as well as pharmacological or small molecule inhibition that interferes with the stability or
activity of YTHDFI.

[6058]  In some embodiments, the attenvation of YTHDF] activity reduces expression
and/or activity of lysosomal cathepsins and treats the cancer. Cathepsins are lysosomal
proteases that belong to the papain family. More than a dozen cathepsins have been identified

in variogs organisios {e.g., cathepsin A, cathepsin B, cathepsin C, cathepsin D, cathepsin E,
& S
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cathepsin F, cathepsin G, cathepsin H, cathepsin §, cathepsin K, cathepsin L, cathepsin O,
cathepsin S, cathepsin T, cathepsin V, cathepsin W, cathepsin Y, and cathepsin 7). Previous
repotts have deronstrated that increased lysosomal enzymatic activity and secretion of the
hydrolases into the extracellular space promotes tumor growth and migration, angiogenesis,
and metastasis, and several members of the cathepsin family of proteases have been implicated
in tuUmor progression.

{60511  In particular, protein cxpression levels of cathepsins B, D, and L have been shown
to be increased in turnor. In some cases, there is a redistribution of lysosomes from pennuoclear
to peripheral locations in cancer cells and the lysosomal contents have been localized to the
extraccllular space. Additionally, secreted cathepsins, working in collaboration with matrix
metalloproteases and the plasminogen activator system, can degrade the extracellular matrix
(ECM), thereby promoting cellular motility, invasion, and angiogenesis. In some cases,
reduction of onc or more of cathepsins B, D, and L can be advantageous due to its involvement
in various pathologies and oncogenic processes. In normal physiological conditions, cathepsins
B. D, and L are tightly regulated in a well-coordinated manner at multiple levels. However,
during malignant transformation, the regulation of cathepsins B, D, and L can be aliered at
multiple levels and thereby resulting in the overproduction.

[88352]  In accordance with these embodiments, the method can include enhancing cancer
immunotherapy treatment by attenuating activity of one or more lysosomal cathepsins {e.g.,
cathepsins B, C, L, F, H, K, O, §, V, X and W) in a subject reeeiving treatment with an
anticancer agent. In some embodiments, lysosomal cathepsin activity can be attenuated using
at least one of antibodies and any derivatives thereof, antibody-drug conjugates, fusion
proteins, small molecules, dsRINA, siRNA, anti-sense technology, aptamers, and gene cditing
technology (e.g., CRISPR-based methods). In some embodiments, lysosomal cathepsin activity
can be attenuated using one or more of £E64, CA-(74, and CASIIL

j63531  As would be recognized by one of ordinary skili based on the present disclosure, a
cathepsin inhibitor can be any agent which inhibits the transcription of a cathepsin gene, the
processing or translation of a cathepsin mRNA, or the processing, trafficking or activity of a
cathepsin protein, when administered in vivo or in vitro to a marmalian cell which is otherwise
competent to express active cathepsin. For cxample, cathepsin inhibitors include repressors,
which inhibit induction and/or transcription of a cathepsin gene, and an antiscnse nucleotide or
nucleic acid aptamer that selectively binds to a cathepsin DNA or mRNA sequence and which

inhibits the transcription or translation of the cathepsin sequences. Embodiments also include
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competitive and non-competitive inhibitors of the activity of a cathepsin protein, such as small
maolecules which structurally mimic the natural substraics of a cathepsin, but which are resistant
to the proteolytic activity of the enzyme.

[8054] Embodiments of the present disclosure also include treating cancer in a subject by
administering an inhibitor of YTHDEFD activity. In some embodiments, the ihibitor of
YTHDF activity is administered with an anticancer agent. In some cmbodiments, the
anticancer agent is an nnwne checkpoint inhibitor. Generally, immune checkpoints are a
normal part of the immune system; they prevent an immune response from being so activated
that it targets healthy cells in addition to cancerous cells. Immunc checkpoints occur
when proteins on  the swrface of tmmune cells {e.g., T cells)recognize and bind to
complementary proteins on other cells (e.g., tumor cells), which are called immune checkpoint
proteins. When the checkpoint and complementary proteins bind together, they functionally
deactivate the T cells, which prevenis the imunune systern from targeting the twor cell for
destruction. Imynunotherapy drugs called immune checkpoint inhibitors function by blocking
checkpoint proteins from binding with their complementary proteins. This allows the T cells
to target the tumor cells. Thus, embodiments of the present disclosure include compositions
and methods with immuone checkpoint inhibitors. Immune checkpoint inhibitors can inchide,
but are not limited to, a PD-L1 antibody, a PD-1 antibody, a CTLA4 antibody, a CSGI
antibody, an DO inhibitor, Pembrolizumab (Keytuda), Nivolumab (Opdivo), Cemiplimab
(Libtayo), Atezolizumab (Teccentrig), Avelumab (Bavencio), Durvalumab (Imfinzi), and
Ipilimumab (Yervoy).

[6653] In some embodiments, the methods include treating cancer in a subject by
administering an inhibitor of YTHDF] activity, an anticancer such as an immune checkpoint
inhibitor, and further a separate anticancer agent {e.g., chemotherapeutic drugs). As would be
recognized by one of ordinary skill in the art based on the present disclosure, chemotherapeutic
agents, also referred to as antineoplastic agents, are used to dircetly or indirectly inhibit the
proliferation of rapidly growing cells, typically in the context of malignancy. They are
classified according to thetr mechanism of action and include alloylating agents, anthracyclings,
cytoskeletal disruptors (e.g., taxancs}, epothilones, histone deaccetylase inhibitors, inhibitors of
topoisomerase 1, inhihitors of topoisomerase 1, kinasc inhibitors, nucleotide analogs and
precursor analogs, peptide antibiotics, platinuro-based agents, and retinoids.

[#056] Embodiments of the present disclosure include use of a YTH N6-Methyladenosine

RNA Binding Protein 1 (YTHDF1) attenvating agent for treating cancer (¢.g., melanoma,
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breast cancey, lung cancer, ovarian cancer, brain cancer, liver cancer, cervical cancer, colon
cancer, colorectal cancer, renal cancer, skin cancer, head & neck cancer, bone cancer,
csophageal cancer, bladder cancer, uterine cancer, lymphatic cancer, stomach cancer,
pancreatic cancer, testicular cancer, lymphoma, and leukemia). Embodiments of the present
disclosure also include use of an agent attenuating YTHDBF! activity in the preparation of a
composition and/or a medicament for treating cancer.

(60577  Embodiments of the present disclosure include use of an agent attenuating Y THDF]
activity in combination with an tmnunotherapy for treating cancer. Embodiments also include
usc of an agent attenuating Y THDFT activity in combination with an immunotherapy in the
preparation of a composition and/or a medicament for treating cancer.

[B058] Embodiments of the present disclosure include use of an agent attenuating YTHDF1
activity in combination with an imumune checkpoint inhibitor {c.g., a PD-L1 antibody, a PD-1
antibody, a CTLA4 antibody, a CSG1 antibody, an 1IDO inhibitor, Pembrolizumab (Keytruda),
Nivolumab (Opdivo), Cemiplimab (Libtayo), Atezolizumab (Tecentrig), Avelumab
(Bavencio), Durvahumab (dmfinzi), and Iptlimomab (Yervoy)) for wtreating  cancer.
Embodiments also include use of an agent attenuating YTHDF1 activity in combination with
an immuone checkpoint inhibitor in the preparation of a composition and/or a medicament for
treating cancer.

[8659]  In accordance with the above embodiments, YTHDF] activity is attenuvated using at
lcast one of antibodies and any derivatives thereof, antibody-drug conjugates, fusion proteins,
small molecules, dsRNA, siRNA, anti-sense technology, aptamers, and gene editing
technology (e.g., CRISPR-based methods).

[8068] Embodiments of the present disclosure include use of an YTHOF ] attenuating agent
for decreasing/repressing the expression {e.g., translational efficiency} of lysosomal cathepsins
{cathepsin B, cathepsin L, cathepsin D). Bmbodiments of the present disclosure inclade use of
an agent attenuating lysosomal cathepsin activity in combination with immunotherapy {c.g., an
immuine checkpoint inhibitor) for treating cancer. Embodiments also include use of a YTHDF
attenuating agent and/or an agent attenuating lysosomal cathepsin activity for one or more of
the following: enhancing immunosurveillance; increasing CD8&+ cytotoxic T cells in tumor;
increasing CD8+ T cells against tumor neoantigen; reducing infiltration of myeloid-derived
suppressor cells (MOSC) in tumor; increasing cross-priming ability of APCs (DC) (e.g., those

induced by CD8a+ DCs andfor CDIib+ DC); enhancing the cross-presentation of tumor
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antigens on DCs; and enhancing the antiturnor response of immune checkpoint blockade (e.g.,

anti-PD-L1 antibody).
3 Examples

166617 It will be readily apparent to those skilled in the art that other suitable modifications
and adaptations of the methods of the present disclosure described herein are readily applicable
and appreciable, and may be made using suitable equivalents without departing from the scope
of the present disclosure or the aspects and embodiments disclosed herein. Having now
described the present disclosure in detail, the same will be more clearly understood by
reference to the following examples, which are merely intended only to illustrate some aspects
and embodiments of the disclosure, and should not be viewed as limiting to the scope of the
disclosure. The disclosures of all journal references, U.S. patents, and publications referved to
herein are hereby incorporated by reference in their entireties.

[6662] The present disclosure has multiple aspects, illustrated by the following non-limiting

cxamples.

Example 1
[8063] The mPA reader Yehdf! knockout mice (FIGS. 5A-5C) were inoculated with
ovalbumin (OVA})-expressing B16 melanoma cells subcotaneously (s.c.) along with WT
control mice. Compared to WT mice, YihdfI”" mice showed slower growth of B16-OVA
tumors and prolonged survival (FIGS. 1A-1B). These findings were tested in an M{C38 colon
carcinoma model, which has heen reported to have a broader necantigen pool. A similar level
of tumor inhibition in YthdfI 7 relative to WT mice was observed (FIG. 1C). Immune infilirates
were analyzed, and bigher levels of CD8* cytotoxic T cells and natural killer (NK) cells in
tumors from Yehdf!” mice were found compared to WT mice, suggesting that an enhanced
imrngnosurveillance occors in the absence of YTHDFI (FIG. 1D). A reduced infiltration of
myeloid-derived suppressor cells (MDSC) was observed in tumors of Yehdf! mice (FIGS. 6A-
6B), whereas there was no significant differenice in Treg (FIGS. 6C and 6D). Both CDE* T
cells and NE cells are critical for controlling tumor growth; therefore, their contributions to the
anti-tumor response in Yehdf7/ mice was investigated. NK cells from WT and YrhdfI” mice
showed simnilar degranulation responses (FIG. 6E), and antibody-mediated depletion of NK
cells had no effect on tumor growth in Yehdfi”" mice (FIG. 1E). In contrast, the anti-tumor
response in Yehdfi” mice was completely abrogated in the absence of CD8* T cells (FIG. 1E),

indicating that CD8* T celis arc important for tumor control in the Yrhidf/-deficient host.
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Example 2
18864] To determine whether neoantigen-specific CD8* T cell responses are generated in
B16-OVA tumors, the frequency of tumor-infiltrating SHNFEKL MHC- tetramer” CDEY T
cells in WT and Yehdf!” mice was analyzed. While WT mice failed to accumulate antigen-
specific CD8&" T cells within the tumor, Yihdf/ " showed a substantially increased CD8* T cefls
against tumor neoantigen in vivo relative to W1 mice (FIGS. 2A-2B). To investigate whether
the infiltration of neoantigen-specific CD&' T cells in Yridf77 mice is due to enhanced
spontancous CD8™ T cell priming at an carly stage, lymphocytes from tumor-draining lymph
node were stimnulated in vitro, with or without the OV A-derived SIINFEKL peptide or tumor
MC38 cells, and measured the tumor-specific CD8F T-cell responses using IFN-y ELISPOT.

/
.....

Significantly more JFN-y spot-forming cells were present in Yridf{” mice than in WT mice in
both B16-0OVA and MC38 mimor models (FIGS. 2C-2D3, indicating that YTHDF] depletion

in host cells potentiates the early steps of T-cell priming against tumor neoantigens.

Exampie 3
j6G653]  Next, loss of Yeidf] in T cells were shown to be involved in the observed antitumor
immunity (FIG. 7A). Since dendritic cells (DCs) are the main antigen-presenting cells (APCs)
that cross-prime CDE* T cells, experiments were conduacted to test whether increased T cell
priming in YthdfI” mice could be attributed to an improved recognition of tumor cells through
an increased cross-priming ability of DCs. Fit3L-supplemented cultures were used for classical
DCs (FIGL-DC) to model how cross-presentation occurs. FI3L-DCs were pulsed with necrotic
B16-OVA in vitro and their ability to cross-prime OTl-specific TCR-transgenic OT-1 T celis

/
.....

was evaluated. It was found that Yridfi” FIGGL-DCs were able to cross-prime OT-1 T cells to
a greater extent than WT DCs (FIG. 2E). To determine the cross-priming capacity of classical
DCs (D) in vivo, CD8«™ DCs and CD11b™ DCs were collected from draining lyraph nodes
(DLN3) of B16-OVA- or M{C38-OTlp-tumor bearing mice and co-cultured them with OT-IT
cells. While a weak cross-priming of CD8™ T cells was detected in WT mice, a significantly
augrnented T cell cross-priming induced was observed by both CD8qg™ DCs and CD11b* DCs
in YthdfI” mice (FIG. 2F; FIG. 7B). In addition, a less sensitive model antigen SIY was utilized
and it was confirmed that the enhanced cross-presentation capacity was consistently detected
in Ythdfi” DCs (FIG. 7C). To test whether cross-priming in DCs depends on RNA m®A
methylation in general, the cross-presentation capacity of Meitll4-deficient DCs (employing

CD1ic-CreMenli4" conditional knockout mice) and WT DCs were compared. Indeed, DCs

19



WO 2020/132536 PCT/US2019/068001

deficient in Me# 14 showed enhanced capacity in cross-presentation (FIG. 7D), reinforcing the

critical role of the m®A-YTHDF]1 axis in restricting the cross-priming capacity of DCs.

Example 4
[8066] Considering the possibility that the increased cross-capacity of YTHDF1-deficient
DCs for priming could be attributed to differential expression of co-stimulatory molecules, the
expressions of CD80 and CD86 on DCs was evaluated. WT and Ydfl” DCs expressed
comparable levels of CD8O and CD86, and also exhibited a similar ability to directly prime
OT-1 T cells with peptide stimulation (FIGS. 7E-7F).  In addition, loss of YTHDF! did not
affect the composition of DC subpopulations in naive mice (FIG. 8), nor did it affect LPS-
mediated DC activation (FIG. 9A}. These findings suggest that loss of YTHDF! increases

cross-priming capacity of DCs, rather than impacting the development or activation of DCs.

Exampie 5
18367 To determine if YTHDF1 deficiency enhances the cross-presentation of tumor
antigens on DCs, leading to better cross-priming of CD8" T celis, the abundance of H-2K"-
SHNFEKL complexes on DCs from WT and YrhdfI” mice bearing B16-OVA tumors was
assessed. Although phagocytosis of tumor cells was similar in WT and Ytadf7” mice (FIGS.
0B-9C), H-2KP-SHNFEKL complexes were significantly higher in tumor-infiltrating Yefudf?”
DCs than in WT DCs (FIGS. 2G-2H). Furthermore, relative to splenic WT DCs, DCs from
YihdfT7- mice exhibited a higher potential for cross-presentation of soluble OV A in vitro (FIG.
9D). These data suggest that DCs from YehdfI” mice have improved antigen-presentation

relative to DCs from WT mice.

Example 6
[8668] To investigate whether the antitumor immunity relies on loss of Yradf7 specifically
in DCs, chimeric, DC-specific Yrhdf! knockout mice were generated. Specifically, trradiated
mice were reconstituted with a 1:1 mixture of Ythdf{” bone marrow celis and of WT bone
marrow cells with a Zbth46-DTR transgene, which drives expression of the diphtheria toxin
receptor in classical DCUs. Upon adminisiration of diphtheria toxin (DT), WT cDCs expressing
Zbib46-DTR are sclectively eliminated, with all remaining ¢DCs in Zbtb46-DTR: Yihdf1”
being Yrhdfl-deficient. Chimeric Zbtb46-DTR: YehdfI™* mice were also established as
controls. It was found that B16-OVA wmors grew similarly in Zbth46-DTR: Yehdf 17" and

Zbtb46-IDTR. Yehdfi” chimeric mice that were not freated with DT (FIG. 21). Importanily,
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treatment with DT substantially reduced tumor growth in Zbtb46-DTR: Yehdf!” mice compared
to Zbth46-DTR. YihdfI** mice (FIG. 2I). These data demonstrate that loss of Yihdfl
specifically in ¢DCs is sufficient to generate the antitumor response. Together, these findings
demonstrate that YTHDET in ¢DCs limiuts their cross-presentation capacity in vive, and that
altered T cell or DC homeostasis or development in Yrhdf7” mice does not substantially

contribute to the antitumor activity.

Example 7
[8669]  Next, how YTHDF! deletion affects cross-presentation in DCs was investigated.
RIP-Seq was performed to map target transcripts bound by YTHDT! in Fi3L-DCs. YTHDFI-
binding sites were highly reproducible between two biological replicates (FIGS. 10A-10B),
and were predominantly distributed in the coding region and 37 UTR (FIGS. 10C-10D). Given
that YTHDFI1 is known to affect mRNA wansiation, the translational efficiency of WT and
Yehdf17- DCs was assessed by ribosome profiling. Antibody-based m®A profiling and RNA-
seq were also performed in the same cells. Transeripts were categorized into three groups: non-
meA marked transcripts, m®A-containing transcripts, and m®A-marked transcripts bound by
YTHDFI. As expected, there was a significant decrease of translation efficiency, particularly
for YTHDF I -targeted and m® A-marked transcripts, in Yeidf7” DCs velative to WT DCs (FIGS.
3A-3B), while YihdfI deficiency did not substantially alter the distribution of m®A in mRNAsg
from DCs (FIG. 3C). To determine the functional pathways associated with YTHDF] -targeted
mRNAs, m®A-marked mRNAS that are both targets of YTHDF! and translationally reguiated
by YTHDFI were investigated. Gene Ontology (GO) Enrvichment Analysis was performed,
which showed that YTHDF1-targeted transcripts were enriched for functions in the KEGG
pathways of phagosome and lysosome (FIG. 3D). It was previously shown that limiting
tysosomal proteolysis in DCs could enhance the cross-presentation by minimizing the
destruction of internalized antigens. It was observed that the translation of a group of transcripts
encoding lysosomal cathepsins, which are responsible for antigen degradation in DC
tysosomes, was repressed in Yehdfl” DCs compared with WT control (FIG. 3E). In contrast,
the translational efficacy of co-stimulatory/inhibitory molecules (signal 2) and cytokines
{(signal 3) did not change markedly in YTHDFI-deficient FI3L-DCs (FIG. 3E). In line with
the ohservation in F3L-DCs, loss of Yiidf! resulted in the decreased translational efficiency
of cathespins in GMCSF-induced bone marrow DCs (GMDUCs) (FIGS. 11A-11F). In addition,

it was found that multiple cathepsin transcripts are bound by the m®A reader protein YTHDF1,
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and knock-out of Yrhdf! resulted in a significant decrease of translation efficiency of these
genes, in both GMDCs and FIGGL-DCs (FIG. 11G). These data suggest lysosomal cathepsins
as the main targets controlled by YTHDFI, which subsequently affect the cross-priming

capacity of DCs.

Example 8
[8678)  Next, ribosome-profiling results were confirmed by assessing the protein level of
several cathepsins in splenic ¢DCs in vive. Consistent with the observation that loss of Yradf!
decreases the translational efficiency of m®A-marked transcripts, a similar downregulation of
cathepsins was observed from Yrhdfl* ¢DCs in vivo and in vitro, but the decays of their
transcripts were less affected (FIG. 4A; FIGS. 12A-12B). Whether reduced cathepsin levels
may delay the degradation of the ingested neoantigens and facilitate a sustained antigen release
within endosomes/iysosomes (e.g., contributing to the improved antigen presentation in Yihdf7
"D{Cs) was tested. To test this, GMDCs from WT and Yehdf?7 mice were co-cultured with B16-
OV A cells overnight and assessed purified DCs for intact residual OVA. More residual intact
OVA in Yrhdfl’ DCs was observed compared to YidfI™ GMDCs (FIG. 120). Whether the
reduced translation efficiency of the YTHDF] target cathepsins affects cross-presentation in
Yehdfi” DCs was subsequently investigated. It was found that inhibition of cathepsins using a
broad-spectrum cysteine protease inhibitor E64 or more selective inhibitors CA-074 (for
cathepsin B) and cathepsin L inhibitor {1 notably enhanced the efficiency of cross-priming in
wild-type DCs (FIGS. 12D3-12F). Moreover, the in vive antiumor response was also markedly
improved by cathepsin blockade (FIG. 4B), suggesting that cathepsins are critical factors
determining the antitumor response in the curvent system. Collectively, these data show that
loss of YTHDF] in DCs attenuates antigen degradation by restricting the expression of
lysosomal proteases, leading to improved cross-presentation and hetier cross-priming of CDE*

T cells.

Example 9
130717 Whether loss of YTHDF1, with increased neoantigen-specific CDS* T cells, might
enhance the antitumor response of imunune checkpoint blockade, which targets the T cell
inthibitor receptor PDI, was investigated. Since Yhdf?” mice showed a marked increase of
IFNy in CD8* T cell and IFNy signaling upregulates the expression of PD-L1, the ligand for
PD1, PD-L1 levels were evaluated, and increased PD-1L.1 expression in tumor cells from Yehdf!

"~ tumor-bearing mice was observed (FIG. 4C), whereas neutralizing IFNy diminished the
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expression of PD-L1 (FIG. 13). Whether PD-L1 blockade can potentiate the antitumor response
in YrhdfI"~ mice was then tested. WT and Yehdf tumor-bearing mice were treated with an
anti-PD-L1 antibody (clone 10F.9(G2). Although tumor regression occurred in 40% of
untreated Ythdf!” mice or anti-PD-L1-treated WT mice, it was found that 100% of Ythdfi ™"
mice showed complete tumor regression after PD-L1 blockade (FIG. 4D, These data
demonsirate that combining a checkpoint blockade with YTHDF1 depletion could be a
potential new therapeutic strategy to improve the outcome in patients with low response to

checkpoint blockade.
4, Materials and Methods

100727 Mice. Yihdfl” mice were generated as previously described. Founder mice with
mutant alleles were backcrossed to CS57BL/6) for two generations. Mice used for experiments
rere further backerossed to CSTBL/6S for seven generations, totally 9 generations. To ensure
the comparability in genetic background, mice were maintained by crossing heterozygous and
heterozygous. YrdfT7" mice or their littermates control W'T mice were used in all experiments.
Littermates were co-housing during experiments to reduce variants in their microbiome and
environment. Primers used for genotyping of Yehdfi™ mice:
CACCTGAGTTCAGATCATTAC (SEQ ID NO: 1) and GUTCCAGACTGTTCATCC (SEQ
i NO: 2). Female Rag2” mice, 2C CDR* T cell receptor (TCR)-Tg, CD11e-Cre and Zbihd6-
DTR mice were purchased from Jackson laboratory. CD11c-CreMersl 147 conditional knockout
mice were generated in house. All mice were used at 612 wecks of age. All the mice were
maintained under specific pathogen-free conditions and used in accordance with the animal
experimental guidelines set by the Institute of Animal Care and Use Committee. This study has
been approved by the Institutional Animal Care and Use Committee of The University of
Chicago.
[6673]  Cell lines, MC38 is a murine colon adenocarcinoma cell line. MC38-7sGreen-OTlp
(MC38-07) and B16-zsGreen-OUTlp (B16-07) were selected for a single clone after being
transduced by lentivirus expressing zsGreen-OTlp (SHNFEKEL). BI16-OVA s an OVA-
transfected clone derived from the mwrine melanoma cell line B16. MC38-S1Y is an EGFR-
S1Y-transfected clone derived from the murine colon cell line MC38. Cells were maintained
either in DMEM (Invitrogen) supplemented with 10% FBS and 1% penicillin-streptomycin
supplemented with 2 mM L-glutamine, 1 mM sodium pyruvate and 0.1 mM non-essential

aming acid at 37°C in 5% COs.
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[6674] Primary cell cultures. Single-cell suspensions of bone marrow cells were cultured
in RPMI-1640 medium containing 10% fetal bovine serum, supplemented with 20ng/ml GM-
CSF (Biolegend). Fresh media with GM-CSF was added into culture on days 3 and 5. On day
6, CD1ic* DCs were purified using HasySep Mouse CDlle Positive Selection Kit If
(STEMCELL). To cuiture FIGL-DCs, single-cell suspensions of bone marrow cells were
cuttured in IMDM medium containing 10% fetal bovine serum at the concentration of
1x10%ml. Cells were supplemented with 100 ng/mi Fit3-Ligand (PEPROTECH) for 9-10 days
to obtain the Fit3L-DCs.

[867%] Tumor growth and treatments. About 1x10° B16-OV A or MC38 tumor cells were
injected s.c. into the flank of mice. Tumor volumes were measured by length (a) and width (b}
and calculated as wimor volame = ab%/2. Mice with tumor volurnes less than 200 mm® are
considered to be survival. For in vivo depletion experiments, 200ug of anti-CD#& antibody
(clone YTS169.4) or anti-NK1.1 (clone PK136) was injected i.p. three days after tumor
inoculation. To block cathepsing in vive, mice were inoculated with 1x10° B16-OVA cells. On
day 11, mice with established tamors were treated with E64 intratumorally. For anti-PBL1
treatment, 1x10° B16-OVA tumor cells were s.c. injected into the flank of mice. Tumors were
allowed to grow for seven days and treated L.p. by anti-PDL1 (clone 10F.9G2) or Rat Ig. Tumor-
free mice after treatment were monitored over time and the percentage of tumor-regression was
calculated. To block [FNy. tumor-bearing mice were treated with 50 pg anti-IFNy mAb (clone
XMGL2Y mtratumorally and PD-L1 expression on tumor cells was evaluated by flow
cytometry. All antibodies were ‘InVivoMAb™ from BioXCell. For adoptive transfer of T cells,
Rag mice were inoculated with 5x1F B16-OVA on day 0. On the same day, T cells were
purified from WT or YridfI” mice using T cell negative isolation Kit (STEM CELL). 5x10° T
celis were intravenously (i.v.) injected into Rag2™ mice.

[8876] Generation of bone marrow chimera. To generate bone marrow chimeric mice,
C57BL/6 mice were exposed to 800 rads of X-ray. After 24 hours, 5x10° bone marrow cells,
consisting of 2.5x10° WT or Yihdfi” BM cells and 2.5x10° Zbrb46-DTR BM cells, were 1.v.
injected into irradiated mice. Six weeks after reconstitution, Zbth46-DTR: YihdfI*'* and Zbth46-
DTR:Ythdf1” mixed BM chimera mice were inoculated with 10° B16-OVA cells and treated
with 400 ng diphtheria toxin (sigma) or PBS cvery other day for sixtecn days.

[8677] Flow cytometry and cell sorting. For flow cytometric analysis and cell sorting,
tamors, lymph nodes and spleens were collected from mice and digested with 0.26U/mli

Liberase TM and 0.25mg/ml DNase 1 at 37°C for 30min. Samples were then filtered through a
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70w cell strainer and washed twice with staining buffer. Cells were re-suspended in staining
bufter (PBS with 2% FCS and 8.5 M EDTA). Cells were incubated with Fe Block (clone 2.4G2;
BioX Cell) for 10 min. Subsequently, specific antibodies were added and staining was

continued for 30 min on ice. Information for all the antibodies used are provided in Table 1.

j6078] Table 1:
. C Dilution - . Catalog Clone
Auntibody Application told Company number sunher
Goat HRP-anti- : PP o - .
GAPDH wWh 1:10000 ProteinTech HRP-60004
. . 1:100 for IP,
Rabbit M pgwn 151000 for | ProteinTech | 17479-1-AP
YTHDF1 ,
WB
Rabbit anti- . .
/ P . i A ATAA
YTHDE? WB 1:1000 ProteinTech | 24744-1-AP
Anti-rabbit  1gG- | . cell signaling | , _
HRP wB 1:5000 technclogy 70743
Mouse anti- | o, sy P O o
YTHDF3 WB 1:500 Santa-Cruz sc-377119 F-2
Anti-mouse  1gG- | .., R cell signaling | ...«
HRP Wi 1:3000 techniology 70765
Rabbit anti- .
y 3 C ab122340
YTHDC1 WB 1:1000 Abcam 122340
Goat anti- | o, ey o e A .
YTHEC? WB 1:500 Santa-Cruz sc-249370 G-19
Anti-goat igG- | 1000 .
URP W3 1:5000 Abcam ab6741
Ant-Chicken Bgg
Albumin antibody | WB 1:5000 Sigma C6534-2ML
produoced in rabbit
Mouse/Rat
Cathepsin L W3B 1:31000 R&D AF1515
Antibody
B-Actin Antibody | ,, 00K S sc-47778
(C4) HRP W5 1:2000 Santa-Cruz HRE
inViveMAb  anti- FevR
Mouse E)i\;;c'k ade 1:500 BioX Cell BEO3? 24G2
CDI6CD32 R
Chllc
Monoclonal Flow . . . .
506 cBioscience 25-0114-582 1
Antibody (N418), | cytometry 1:500 eBioscience 5-0114-3 N418
PE-Cyanine7
PerCP/CyS.5
Anti- Flow 1:500 Biolegend 101228 M1/70
Mouse/Human cytometry ’ & - !
CDilb
FITC Anti-Mouse ) Flow £:500 Biolegend | 128005 HK 1.4
Ly-6C cytometry
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Bridliant Violet

510™ apti-mouse E?me ) £:500 Biolegend 107633 M5/114.15.2
LA/L-E CYIOmey
AF 647 Ant- | Flow \ Lo )

5 C MEICC 2 A 3\
Mouse FA/R0 cytometry 1:500 eBioscience 132121 BMS
APC/ICy7  Anti- | Flow an _ . g
Mouse CD45 cvtometry 1:500 Biolegend 103116 20-F11
Bridiant  Violet Flow
510™ ant-mouse . 7t0"netr ) 1:500 Biolegend 101831 M1/6S
CD24 yIOmEy
PE Hamster Anti- | Flow . BD

5 ¢ 10
Mouse CDEO cylometry 1:300 Biosciences 353769 16-10A1
PE/CyS Anti- | Flow . . .

5 eger 105016
Mouse CTIS6 cytometry 1:500 Biolegend 105016 GL-1
PE anti-mouse Flow
CD274  (B7-HI, o 1:500 Biolegend 124308 10F.9G2

. cytometry i
PD-L1)
PE-Cy7 Anti- | Flow < S < o -
g 500 cBioscience 23-0041-82 3Kl

Mouse CD4 cytometry 1:500 cBioscience 25-0041-82 GKLS
PE  Aasti-Mouse | Flow . g <

50( wlege 0 70¢ 3-6.7
CD%a cytometry 1:500 Biolegend 100708 53-6
PE anti-mouse Flow
CDI07a (LAMP- | 1:500 Biolegend 121612 1D4B
1) cytometry
FITC Anti-Mouse | Flow < .

500 coend ( 307
DS cytometry 1500 Biolegend 101967 3C
FITC anti- Flow
mouse/human ’“‘V'Lt()metr ] 1:501 Biolegend 103206 RA3-6B2
CD45R/B220 cytomety
PE anti- Flow
mouse/rat/human oty 1:500 Biolegend 320008 150D
FOXP3 CyIomety
OVA257-264
(SHIINFEKL)
peptide bound to | Flow 200 ] S PN U peyey -
H-2KD cytometry 1500 Thermofisher | 12-5743-82 | 25-D1.16
Mounoclonal
Antibody
NE1.1
Monoclonal Flow ; . . - e 118

: 1olis MM662 K1
Antibody  (PK- | cytometry 1:500 Thermofisher | MM6628 PKi36
136), Pacific Blue
iTAg Tetramer/PE Flow
- H-2 Kb OVA c*\;‘\'ometr . 1:500 MBL TB-5001-1
(SHNFEKL) IOty
Cathepsin A | Flow iy . <

2 feintec 5020-1-
Rabbit polyAb cytometry 1:200 Proteintech 15020-1-AP
Cathepsin H | Flow A N N1E 1 AT
Rabbit polyAb cytometry 1:200 Proteintech 10315-1-AF
Cathepsin B | Flow . .

<30 - T4
(D1CTY) Rabbit | cytometry & ,E]O) o o lg Sl;%i?img 317188 DICTY
mAbD WEB OW techoology
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cytometry, 1:
1000 for WB
Flow 1:300 for
Ro  mAb 10 oiometry & | 1% | Apcam ab75852 EPR3057Y
Cathepsin D WB cytomeiry, 1:
’ 1000 for WB
Alexa Fluor 568 Flow
Goat-anti-Rabbit ‘,“ 1:500 ThermoFisher | A-11036
- cytomelry
1sG ’ -
InVivoMAb  anti- | In Vive -
200ug BEOG36 3
mouse NK1.1 depletion 200ug BioX Cell BEO03S PRI36
1 Vivol anti- Vive . .
InVivoMAb anti- | In VO | agg BioX Cell | BEO117 YTS169.4
mouse CD3a depletion b
inVivoMADb  ant- | In VIVO | oo, . . .

S0ug 30X (el REOO5S MGL2
mouse 1ENy blockade ug BioX {elf BEGOS XMGL2
anti-TFNy BLISPOT 1:250 BD ) ssaa08 XMG1.3
antibody Biosciences
CD8 IHC 1:400 DAKO MT103 8/144B

[3679]  OT-1 specific T cells were stained using iTAg Tetramer/H-2KPOVA (SINFEKEL)

(MBL}. After a washing step, cells were either analyzed on a BD Fortessa (BD) or sorted by
Arialllu (BD). For the staining of cathepsins, splenocytes were stained with CD1lc, B220,
MHCHL, CD8 and CD11b and then fixed with 4% PFA (Biolegend) for 30 minutes. Fixed celis
were then washed twice with the 1x intraccllular staining perm and wash buffer (Biolegend).
Antibody against CTSA, CTSB, CTSD or CTSH was added and incubated overnight
respectively. Alexa Fluor 368 Goat-anti-Rabbit IgG was added as the secondary antibody.
CDI1Ic"MHCITB22(0r was gated and the expression of cathepsins was evaluated by the
fluorescence intensity. Analysis of flow cytometry data was performed using Flowijo (Treestar).
60861

specific CDE* T cell functional assay in the B16-OV A model, 12 days after tumor inoculation,

Measurement of [FMy-secreting CD8* T cells by ELISPOT assay. For antigen-

3x10° lymphocytes were re-stimulated with 1pg/ml SHNFEKEL or MC38 mumor cells
(lyrophocyte:MC38 = 50:1) for 48 hours. 96-well HTS-1P plate (Millipore) was pre-coated with
anti-IFNy antibody (BD Bioscience) with a 1:250 dilution overnight at 4°C. After co-culture,
cells were removed. About 2 mg/ml biotinylated anti-IFNy antibody (BD Bioscience) with a
1:250 dilution was added and incubated for 2 h at room temperature or overnight at 4°C.
Avidin-horseradish peroxidase (BD Bioscience} with a 1:1000 dilution was then added and the
plate was incubated for th at room temperature. The cytokine spots of IFN-y were developed

according to product protocol (BD Bioscicnee).
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[6683] Antigen-presentation assay. For cross-presentation of tumor neoantigen, CD11b*
or CD8" DC were purified from draining lymph node of WT or YehdfI” mice six days after
inoculating with B16-OV A, MC38-OTIp or MC38-EGEFR-SIY . OT-1 or 2C naive CD8" T cells
were isolated from lymph nodes and spleen of 6 to 12-week-old mice. Negative selection was
caried out with a negative CD8 isolation kit (StemCell Technologies, Inc.) following
mamfacturer’s instruction. DCs were co-cultured with OT-1 naive CD8 T cells at the ratio of
1:10 for three days with or without 1 pg/ml SHNFEKEL peptide. For cross-presentation of
soluble GV A, splenic DCs were sorted and stmulated with 100ng/mi LPS overnight. DCs were
then pulsed with different concentration of OVA {endotoxin free, Sigma) for 5 hours. Cells
weyre washed and co-cultured with OT-1 naive CDE" T cells for three days. For in vitro cross-
presentation of tumor neoantigen, FII3L-DCs were collected on day 9-10 and co-cultured with
necrotic B16-OVA tumor cells overnight. B220CBD11c* celis were subsequently purified.
GMDCs from Mettd 147 or CD11c-CreMetl 147 mice were harvested on day 6 and co-cultured
with necrotic B16-OVA turnor cells for 16 hours. To inhibit cathepsins, GMDCs were pre-
treated with E64 (sigma} for two hours followed by co-culturing with aumor cells. CD1 e cells
were then purified and incubated with naive CDE™ T cells from OT-1 mice for three days. IFN-
v production was detected by IFN-y Flex Set CBA assay (BD Bioscience). To inhibit cathepsins
in ex vive cDCs, WT or YthdfI7 mice were inoculated with Sx10° MC38. 36 hours after tumor
inoculation, spleens were collected and digested, and CDHlct DCs were purified using
EasySep Mouse CD1 e Positive Selection Kit H (STEMCELL). CD11c* PCs were then treated
with 0.04 uM E64 (Sigma) overnight followed by co-culturing with OVA protein for 4 hours.
Any free OVA protein was then removed from the culture medium, and CD11c™ cells were
incubated with CTV-labelied (OT-1 cells for three days. The cross-priming capacity of DC was
analyzed by the dilution of CTV in CDE* T cells. For cathepsins inkabition assay in vitre, Fit31L-
DCs were treated with Spg/mi CA-074 methyl ester (Selleck), Sug/ml cathepsin L inhibitor
IH(Sigma) or the combination (Sug/ml CA-074 methyl ester and Spg/ml cathepsin L inhibitor
1) for 2h followed by co-culturing with necrotic B16-OV A for 16h, and then FIt3L-DCs were
purified using EasySep Mouse CD11c Positive Selection Kit H (STEMCELL). The purified
cells were incubated with OT 1 cells at the ratio of 1:20 for three days. The cross-priming
capacity of DCs was then evaluated by the IFN-y production. To detect the MHC-HZKP-
SHNFEKEL, mice were inoculated with B16-OVA. After 12 days, tumors were collected and
tamor infilorating DCs  (CD4STCD1 b y6c MHCIPCD247CD1ic) were stained with

monoclonal antibody 25.01.
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180821  Cell trace vielet labelling. 10 million splenocytes from naive OT- [ mouse were re-
suspended in 1 md PBS followed by incubating with 5 uM CellTrace™ Violet Dye (CTV,
ThermoFisher) at 37°C for 20 minutes. 5 ml RPMI-1640 medium was added to the cells and
incubated for 3 mimutes to remove the free dye in the solution. These cells were then
centrifuged and incubated with pre-warmed RPMI- for at least 10 minutes at room temperature
for subsequent analysis.

[6083] RIP-seq. About 20 million GMDUCs were harvested and co-cultured with or without
necrotic BI16-OVA overnight. The procedure was adapted from the previcus report. Five
mitlion Fit3L-D{s were harvested. DCs were then purified and pelieted by centrifuge for 5
min. Cells were washed twice with cold PBS and the cell pellet was re-suspended with 2
volumes of lysis buffer (150 mM KCI, 10 mM HEPES pH 7.6, 2 mM EDTA, (.5% NP-40, 0.5
mM DTT, 1:100 protease inhibitor cocktail, 400 U/ml RNase inhibitor). Lysate was incubated
onice for S muin and centrifuged for 15 min to clear the lysate. About 1/10 vohune of cell lysate
was saved as input and total RNA was extracted by Trizol. The rest of cell lysate was incubated
with Spg anti-YTHDF1 (Proteintech) at 4°C overnight with gentle rotation followed by
incubation with 404l protein G beads for 1 hour at 4°C. The beads were then washed five times
with 1 mbL ice~cold washing buffer (200 mM NaCl, 50 oM HEPES pH 7.6, 2 mM EDTA,
(.05% NP-40, 0.5 mM DTT, 200 U/mL RNase inhibitor). The {P complex was resuspended in
400pl 1xProteinase K and digested with 2 mg Proteinase K at 55°C for 1 hour. RNA was then
extracted by RNA isolation kit (Zymo). Input and IP RNA of each sample were used to generate
the library using TruSeq stranded mRNA sample preparation kit (Ilumina).

[0084] m®A-seq. Total RNA was isolated from DCs. Polyadenylated RNA was forther
enriched from total RNA by using Dynabeads® mRNA Purification Kit (nvitrogen). RNA
samples were fragmented into ~100-nucleotide-long fragments with sonication. Fragmented
RNA (100ng mRNA or 5ug total RNA) was performed mCA-IP following EpiMark N6-
methyladenosine enrichment kit (NEB E161038) protocol. RNA was enriched through RNA
Clean&Concentration-5 (Jymo Research) and used for library generation with SMARTer
Stranded Total RNA-Seq Kit (Takara). Sequencing was performed at the University of Chicago
(Genomics Facility on an Hlumina HiSeq4000 machine in single-read mode with 50 bp per read.
Sequencing reads were aligned to the mouse genome mm9 by STAR (version 2.6.0¢). The
mP®A-enriched regions (peaks) in each mCA-IP sample were detected by MACS2 (version

2.1.1.20160309) with g value less than 0.01 and corresponding m®A-Input sample was used as
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the control. Peaks that were detected by both replicates were considered as high confident
peaks. The peaks annotation and binding motif were analyzed by HOMER (version 4.9).
[0085] Ribosome profiling. About 5x10° DCs were treated with 100 pg/od cycloheximide
(CHX) for 7 minutes. The cells were then barvested by the cell lifter. The cell suspension was
spun at 400g for 5 min and the cell pellet was washed twice with 5 mi cold PBS with CHX
(100 pg/ml). About 200 wl ysis buffer (10 mM Tris, pH 7.4, 150 M KCL 5 mM MgCl,, 100
png/mi CHX, 0.5% Triton-X-100, freshly added 1:100 protease inhibitor, 40 U/ml SUPERasin}
was added to the cell pellet and lysed on ice for 15 minutes with rotating. About 10% clartfied
lysate was saved as INPUT and the rest fysate was separated through a 5 ml 10%-50% sucrose
gradient and centrifuged at 4°C for 2 h at 28,000 r.p.n. Fractions were collected separately and
analyzed by Qubit™ RNA HS Assay Kut (Invitrogen). The fractions corresponding to
monosome or polysome were combined resepectively and concentrated on Amicon-Ultra 100K
colurnns (Millipore). Two A260 units of ribosome fractions were digested with 60 1J RNase |
(Ambion) at roomn temperature for 30 minutes. RNA was extracted by RNA
Clean&Concentrate (Zymo) and ribosomal RNA were deleted prior to size selection. RNA
fragments (26-32 nt) were isolated by 15% denaturing Urea-PAGE gel. RNA was eluted from
gel in elution buffer (300 mM sodium acetate pH 5.2, 1 mM EDTA) followed by phenol-
chloroform exiract and ethanol precipuation. RNA fragments were dephosphorylated and
prepared into libraries by SMARTer® smRNA-Seq Kit (Clontech). The first 3 bases of
seqguencing reads were removed fastx_trimmer (version 0.0.14). The adapter sequences and
polyA tails were firstly trimmed from sequencing reads by using cutadapt (version 1.15) with
--minimum-length 18 -1 3 -4 “AAAAAAAAAAAAAAT -a
“AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC” (SEQ ID NO: 3) parameters.
Trimmed reads were filiered for mitochondrial DNA and ribosomal RNA by Bowtie? (version
2.3.4). All remaining reads were mapped to the mouse genome mmY with STAR (version
2.6.0c). Uniquely mapped reads were selected by using SAMtools (version 1.7} with mapping
quality >= 20, and then removing duplication. The raw counts of coding regions were
calculated by HOMER (version 4.9). The differentially TE (translational efficiency, HEquation
1) genes were detected by Binconductor DESeq2 package (version 1.18.1) with p.adj <= 0.1
and llog2FoldChange! >= 0.5,

Yehdf1™/ T (ribosome)

TE = Yihdf1~/ " (RN Aseq)
- 7T WildType(ribosome)
WlidType(RNAseg)

{Equation 1}
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[6086] Measurement of RNA lifetime. DCs were seeded in 24-well plate at 50%
confluency. After 2 h, actinomycin D was added to 3mg/mi at 3 h. 1 h and G h before collection.
The total RNA was purified by RNeasy Kit with an additional DNase-I digestion step on
column. RNA quantities were determined by RT-gPCR. The specific primers used are as

follows: Cusb_Forward: CTGUTTACCATACACCAT (SEQ ID NO: 4); Cish_Reverse:

TCCTTCACACTGTTAGAC (8EQ HY NO: 5); Ctsd_Forward:
GGCAAGAGGTATCAAGGT {(SEQ D NOG: 6); Crsd_Reverse:

CAGGTAGAAGGAGAAGATGT (SEQ iD NO: 7V Ctsl Forward:
GAGQTTCGCTGTGGUTAAT (SEQ ID NO: 8); Crsl_Reverse: GAGGTTCTTGCTGCTACA
(SEQ I3 NO: 9); Gapdh_Forward: ACCTGCCAAGTATGATCGA (SEQ 1D NO: 10y
Gapdh_Reverse: GGAGTTGCTGTTGAAGTC (SEQ D NO: 11).

166877 Imanunohistochemistry of human biopsies. All samples encompassing tumor
hiopsies from 22 colorectal cancer patients were obtained with informed consent under a
protocol approved by the University of Chicago Institutional Review Board. Information about
the patient sex, age, and tumor characteristics are given in Table 2.

[8088] Table 2:

Sample | ) | Tumor Histologic type " et S
D Gender | Age Location of tumor Pathologic Staging (pTNM)
i Female 48.3 Pr(sx,gta)zi/i{ight Adenoccarcinoma pT3, Nia, Mx
- L
pT4b (umor directly invades
NI 35 PR, PR . NV
5 Female 478 P O)&li]idi/}\.lght Adenocarcinoma | OF IS ddh\if\/ﬂt to other); pNO:
Colon No regional lymph node
metastasis
T3 {(tumor invades inlo
_ ‘,EI/'> R s )“‘;_ Q) (’
3 Female 59.4 Prox1{n U/Right Adenocarcinoma | ¥ enw}m tiss ues); pNO (no
Colon regional fymph node
metastasis)
i 1 ypT4b, NG (No regional
4 Male 68.5 Pr@x;ﬁf/Ri‘%’ht Adenocarcinoma | lvmph node metastasis), MX,
“olon R1
Dastal/Lef T2{tamor mvades
5 Male 62.9 = 1%41/Leit Adenoccarcinoma p[Zf.Lur 1o 1)m dos
Colon niuscularis propria), NO,Mx a
oy pT2(Tumor invades
& Female 74.1 Proxgz?jflght Adenocarcinoma | muscolaris propria), NO, Mx
o = not specified
7 Female 46.2 Dl?;i';dt Adenocarcinoma | p13, NG, pM = not applicable
4 Male 65.9 Proxgr;zi/i{ight Adenocarcinoma | pT2, NG, pM = not applicable
U
9 Female 52.6 Dizfiigfﬁ adenocarcinoma pT2, Nia
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10 Male 60.6 Pr(sx,tzr al/Right adenocarcinoma pT3 (m), N2a
Colon
it Male 46.9 Distal/Left adenocarcinoma ypT3N2a
Colon o
. . - Proximal/Right | oo | pT2, Nib, Distant Metastasis
12 Male 79.6 Colon adenocarcinoma (pM): Not applicable
13 Female 42.1 Proximal/Right adenocarcinoa vpT3, Ni,Mi
Colon .
14 Male 794 EIS.E%E/LSH adenocarcinoma pT3, NO
Colon
15 Female 757 Distal/Left adenocarcinoma | pT2, N{, pM = not applicable
Colon
16 Male 65.6 Dls,t al/Left adenocarcinoma pT3(m), NO, Mx
Colon
17 Male 551 Distal/Left adenocarcinoma pTi, NO
Colon
N ST "
18 Female 66.7 Proximal/Right adenocarcinoma pT4a, pN2Zb, pM1ib
Colon ) i
Yt liT oft T3 nNZa oM: I
19 Male 86.8 Dib} al/Left adenocarcinoma pl3. p‘\‘,‘.d ! E.}M’ Not
Colon applicable
20 Male 81 Dls‘t allLeft adenocarcinoma pTING
Colon
. . . Proximal/Right . pT4db, NO, Distant Metastasis
M 3 » adenocare : Lo
21 Male 772 Colon adenocarcinoma (pM): Not applicable
, . Distal/Left . pT3, N2a, Distant Metastasis
~ X . ~ o car bl < )
22 Male 6R.2 Colon adenocarcinoma (pM): Not applicable
[B089] Tostain YTHDFT and CDE, antigen retricval was performed with 10 mM Tris base,

1 mM EDTA, 0.05% Tween 20, pHY. Slides were processed with the VECTASTAIN Elite
ABC HRP kit and DAB Substrate Kit (Vector Laboratories). Shides were counterstained with
hematoxylin and dehydrated through graded alcohols and xylene. A total of 22 tumor samples
had sufficient tissue for unambigoous analyses. For THC gquantification, DAB stains of THC
irnages were separated by color deconvolution algorithms47 in Fiji, aderivative of Imagel. The
mean DAB intensity of 3 random images at 795x650 pixels was calculated and converted into
optical density (OD). CD8 positive cells were analyzed by Image ¥ cell counter. The average
infiltration of CD8* cell and average expression of YTHDF! were assessed within the
surrounding stroma tissues.

130961 Western blot analysis. To detect the cxpression of cathepins, GMDCs were
harvested on day 6 and co-cultured with necrotic B16-OV A cells at the ratio of 1:1 for 16 hours.
CB1ic” DCs were then purified. Equal numbers of cells were lysed on ice for 15 min using
1xdysis buffer (CST) suppiemented with a protease inhibitor cockiail (Calbiochem). Cell lysis

was cenirifuged at 16,100g at 4°C for 15 min. Clarified supernatant was loaded into 4-12%
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NuPAGE Bis-Tris gel and transferred to PVDF membranes (Life Technologies). Membranes
were blocked for 1 hour in 5% milk TBST and then incubated with primary antibodies in the
blocking buffer overnight at 4°C. After 5 times washing, membranes were incubated with
secondary antibodies for 1 hour at room temperature. The information for all the antibodies
used are provided in Table 1

[8091]  Degranulation of tumor infiltrating NK cells. Tumor infiltrating leukocytes were
resuspended  at Sx10°/mi and stimulated with phorbol-12-myristate-13-acetate  (PMA)
(2.5pg/ml) and ionomycin (0.5ug/ml) in 96-well plate. CD1070-PE antibody and Ixbredeldin
A (Biolegend) were added directly to the well and incubated for 4 h at 37°C in 5% CO». Celis
were stained for CD45 and NK1.1 (BD Biosciences) for 30 min. Samples were washed and
then fixed in 1% paraformaldehyde.

[3092] Phagocytosis in vive. About 5 x 10° B16F10 cells expressing zsGreen-OTI were
injected s.c. into WT and Yrhdf7” mice. Tumor tissues were harvested and digested.

[6693] Maturation of DC. GMDCs were harvested and co-cultured with 100 ng/mt LPS
overnight. The cytokine production was measured by mouse inflanmmation kit (BB).

[8694] Identification of off-farget site and T7E! assay. Identified two off-target loci for
cach sgRNA site with highest score were sclectively amplified by primers listed in Table 2.
HiPure Tissue DNA Mini Kit {Magen, D3121-03) was used to extract genomic DNA from the
tails of WT and Yrhdf1” mice. The PCR reactions to amplify 350 bp fragment (for Y1 mouse)
and 510 bp fragment (for WT mwouse) were carried out in 30 wl reaction, using 15pk of 2x
EasyTag PCR SuperMix (AS111 TransGen Biotech), 0.75 pM each of forward and reverse
primers and 1 pl genomic DNA. The reaction products were subjected to 1.5% agarose gel
electrophoresis. For T7H] cleavage assay, equal volume PCR products of Yehdfi” and WT
mouse were mixed and then denatured and annealed in NEBuffer 2 (NEB) using a thermal
cycler. Hybridized PCR products were digested with T7 endonuciease I (NEB, MO302L) or
ddH2O (as control) for 20 minutes at 37°C and subiected to 1.5% agarose gel electrophoresis.
[6095]  Statistical analysis and reproducibility. No statistical method was used to
predeterming sample size. Mice were assigned at random to treatment groups for all mouse
studies and, where possible, mixed among cages. There were no mice excluded from
cxperimoents. Blinded staining and blinded analysis were performoed for {HC experiment.
Experiments were independently repeated two to three times. Data were analyzed using Prism
5.0 software (GraphPad) and presented as mean values + s.e.m. The P values were assessed

using one-tailed or two-tailed unpaired Student's t-test. For survival curve, statistics were done

I

~
2

¢
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with the log-rank (Mantel-Cox) test. For translational efficiency, P values were calculated by
likelihood ratio test and adjusted by Benjamini & Hochberg method. For cumulative
distribution, two-sided Kolmogorov-Smirnov test was used to caleulate the P values.

[6096] Daia processing and analysis. {llumina reads were post-processed and aligned to
the mouse mm® assembly using STAR program (version 2.6.0¢) with defaolt parameters. To

visualize sequencing signals in the genome browser, RiP-seq and m®A-seq bigwig files were

normatizeUsing BPM'. For RIP-seq, Piranha software (version 1.2.1) was to detect the binding
sites of YTHDF1 with “-b 100 -t 100”. Metagene plots were performed by the Bioconductor
GUITAR package (version 1.16.0). Peaks that were detected by both replicates were
considered as high confident peaks. GO term analyses were performed by metascape.

{66977  Data availability. The data that support the findings of the present disclosure are
available from the corresponding author upon reasonable request. RIP-seq, Ribo-seq and m®A-
seq data sets have been deposited in Gene Expression Omnibus under the accession number
GSELNS106. A summary of sequencing experiments is provided in Table 3. The differential

transiational efficiency results can be made available upon request.

[6098] Table 3:

[6098]  Summary statistics for MeRIP sequencing experiment.

[#168] Fi3L-DCs
Sample rawReads mappedReads § mapRatio | UniqueReads | UniqueRatio
MeRIP_wt_inputl] 22066802 20187629 (.91 19524641 (.97
MeRIP_wi_input2 18896973 171261064 0.91 §65653258 0.97
MeRIP_ko_inputl 12499957 10441974 (.84 9832494 (.95
MeRIP_ko_input2 6175443 5086508 0.82 48298435 $.95
MeRIP_wt_[P1 18914882 17406075 (4.92 16885629 4.97
MeRIP_wt_IP2 14850481 13637258 0.92 13225871 0.97
MeRIFP_ko_[P1 27192435 23529702 (.87 22625370 (.96
MeRIP ko P2 13972821 11987963 (.86 11512812 0.96

18108  GMDUCs
Sample rawReads mappedReads § mapRato | UnigueReads § UniqueRatio
MeRIP_wt_inputl 28551565 26514705 0.93 19204549 0.72
MeRIP_wt_input2 28528986 26516721 (.93 18936050 .71
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MeRIP ko inputl 29030942 26613287 (.92 19307152 0.73
MeRIP_ko_input2 27169760 24956116 0.92 18167243 0.73
MeRIP_wt IP1 28291093 27748060 (.98 24896670 (.90
MeRIP_wt 1P2 34180741 33535024 0.98 30095313 0.90
MeRIP_ko_IP1 22708693 22151135 (.98 19858221 (.90
MeRIP_ko IP2 26732331 26048436 0.97 23372187 (.90

18302)  Summary statistics for Ythdf1-RIP sequencing experiment.

(01631  FIGL-DCs

Sample rawReads | mappedReads § wapRatio | UniqueReads UnigueRatio
Yehdfl RIP inputl | 23419684 22303004 0.96 21831779 0.97
Ythdfl _RIP inputl | 30933222 29772784 0.96 28887592 0.97
Ythdfi_RIP_IP1 17308787 11689651 0.66 11215836 (.96
Ythdfl_RIP_IP2 14697146 9577148 0.65 9189335 0.96

[0104] OMDCs

Sample rawReads { mappedReads § mapRatio {|  UnigoeReads UniqueRatio
Yihdfl RIP mnpotl | 15929824 15520067 0.97 13443554 0.87
Ythdfl RIP imputl § 14831765 14546176 0.98 12629905 0.87
Ythdf1_RIP_IP} 11578432 8250988 0.71 3323954 (.97
Yihdfi_RIP_IP2 10779780 7371189 0.68 7178380 0.97

1631051  Summary statistics for Ribo sequencing experiment.

[6166] FU3L-DCs

Sample rawReads mappedReads { mapRatio | UniqueReads | UnigueRatio
Ribo_wt_inputl 14353853 14000072 (.98 9840118 0.70
Ribo_wt_input2 16978427 16560575 0.98 11572726 (.70
Ribo_ko_inputl 7997730 7400355 0.93 4650859 0.63
Ribo_ko_input2 8515757 7813383 0.92 4754357 (.61
Ribo_wt_ipl 13096471 9563047 0.73 3926799 0.41
Ribo_wt_ip2 9591022 7259191 0.76 2949562 0.41
Ribo_ko_ipl 17761548 14796902 0.83 5634634 0.38
Ribo_ko_ip2 16482288 13272302 0.81 5076220 0.38
[8167] GMDCs

Sample rawReads mappedReads { mapRatio | UniqueReads | UnigueRatio
Ribo_wt_inputl 12475501 9889375 0.79 4213730 0.43
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Ribo_wt_input2 11953956 9555210 0.80 4051006 0.42
Ribo_ko_inputl 10430201 8379582 0.80 3771784 0.45
Ribo_ko_input2 13114316 10588500 0.81 4699991 0.44
wi_monosomel 10968673 HH06682 (.60 2408519 0.36
Wi_1onosome? 10725649 4128146 0.38 §863603 0.45
ko_monosomel 6340117 2504585 0.40 967011 (.39
ko_monosome? TEHT352 3063659 0.40 1496955 .49
wt_polysomel 5970349 2371023 0.40 865580 0.37
wt_polysome2 6197195 2356148 (.38 1085431 0.46
ko_polysomel 9760993 2883708 0.30 1090299 (.38
ko_polysome?2 7984924 2758003 0.35 363418 (.35

18108]  Summary statistics for DC data sequencing experiment.
[6109] Fli3L-DCs
Sample rawReads mappedReads mapRatio | UniqueReads } UnigqueRatio
MeRIP_wt_inpotl 22066802 20187629 .91 19524641 .97
MeRIP_wt_input2 18896973 17126164 (.91 16565325 0.97
MeRIP_ko_inputl 12499957 10441974 0.84 9882494 (.95
MeRIFP_ko_input2 6178443 5086508 (.82 45829848 (.95
MeRIP_wt P} 18914882 17406075 0.92 16885629 0.97
MeRIP_wi_IP2 14850481 13637258 0.92 13225871 (.97
MeRIP ko [P1 27192835 23529702 0.87 22625370 0.96
MeRIP ko IP2 13972821 11987963 0.86 11512812 0.96
Ythdf1 _RIP inputl § 23419684 22503004 (.96 21831779 (.97
Yihdfi RIP anputl § 30933222 29772784 (.96 28887892 0.97
Ythdft RIP_IP1 17808747 11689651 0.66 11215830 0.96
Yihdfl _RIP_{P2 14697186 9577188 0.65 9159335 8.96
Ribo_wt_inputl 14353853 14000072 0.98 9840118 0.70
Ribo_wt_input2 16978427 16560575 (.98 11572726 0.70
Ribo_ko_inputl] 7997730 7400355 (.93 4650859 (.63
Ribo_ko_input2 8515757 7813383 .92 4754357 0.61
Ribo_wt_ip! 13096471 9563047 0.73 3926799 0.4]1
Ribo_wt_ip2 9591022 7259191 0.76 2949562 (.41
Ribo_ko_ipl 17761548 14796902 (.83 5634634 0.38
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Ribo_ko_ip2 16482288 13272302 0.81 5076220 .38
13118] GMDCs
Samiple rawReads mappedReads mapRatio | UnigqueReads | UnigueRatio
MeRIP_wt_inputl 28551565 26514705 (.93 19204549 .72
MeRIP_wt_input? 28528986 26516721 .93 18936050 .71
MeRIP_ko_inputl 29030942 26613287 (.92 19307132 0.73
MeRIP_ko_inppt2 27169760 24956116 .92 18167243 0.73
MeRIP_wt [P 28291093 277438060 (.98 24896670 0.90
MeRIP_wt 1P2 34180741 33535024 0.98 30095313 (.90
MeRIP_ko_[P1 22708693 22151135 (.98 19838221 (.90
MeRIP_ko_[P2 26732331 26048436 0.97 23372187 0.90
Ribo_wt_inputl 12473501 9899575 0.79 42313730 (.43
Ribo_wt_input2 11953956 9355210 (.30 4051006 .42
Ribo_ko_inputl 10430201 8379582 0.80 3771784 (.45
Ribo_ko_input? 13114316 10588500 (.81 4699991 (.44
wi_monosomel 10968673 6606682 0.60 2408519 (.36
Wwt_onoseme? 10725649 4128146 (.38 1865605 0.45
ko_monosomel 6340117 2504583 (.40 967011 (.39
ko_monosome2 7607352 3063659 0.40 1496955 (.49
wt_polysomel 5970349 2371023 (.40 365580 0.37
wt_polysome2 6197193 2356148 (.38 1083431 (.46
ko_polysomel 3760993 2883708 0.30 1090299 (.38
ko_polysome2 7984928 27758005 0.35 963418 0.35
Yehdfl RIP inputl § 15929824 15520067 0.97 13443554 0.87
Ythdfl _RIP inputl § 14831765 14546176 (.98 12629905 0.87
Ythdf!_RIP_IPt 11578432 8250988 .71 8028954 697
Ythdf!_RIP_1P2 10779780 7371189 0.68 TE78380 0.97

j#11f]  Sequences. The following nucleic acids are provided by the present disclosure, as
referenced herein.

13112] CACCTGAGTTCAGATCATTAC (SEGID NO: b

161131 GCTCCAGACTGTTCATCC (SEQID NG: )

[8114] AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC (SEQ ID NG: 3)
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[6113] CTGCTTACCATACACCAT (SEQ ID NG: 4)

j8ii6] TCCTTCACACTGTITAGAC (SEQID NO:S)

18117] GGCAAGAGGTATCAAGGT (SEQ ID NO: 6)

[3118] CAGGTAGAAGGAGAAGATGT (SEQID NO: 7)

16119  GAGTTCOCTGTGGCTAAT (SEQ ID NO: 8)

18120)  GAGGTTCTTGCTGCTACA (SEQ 1D NO: 93

{8121 ACCTGCCAAGTATGATGA (SEQ 1D NO: 10}

i8i22] GGAGTTIGCTGTTGAAGTC (SEQID NG: 11

[8823] It will be readily apparent to those skilled in the art that other suitable modifications
18124 It is understoond that the foregoing detailed description and accorapanying exarples

are mercly illustrative and are not to he taken as limitations upon the scope of the disclosure,
which is defined solely by the appended claims and their equivalents.

[3128]  Various changes and modifications to the disclosed embodiments will be apparent
to those skilled in the art. Such changes and modifications, including without limitation those
relating to the chemical structures, substituents, derivatives, intermediates, syntheses,
compositions, formulations, or methods of use of the disclosure, may be made without

departing from the spirit and scope thereof.
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CLAIMS
What is claimed is:

1. A method for enhancing cancer immunotherapy treatment comprising attenuating
activity of YTH N6-Methyladenosine RNA Binding Protein 1 (YTHIDF1) in a subject

receiving treatrent with an anticancer agent.

2. The method of claim 1, whercin YTHDFT activity is attenuated in an antigen

presenting cell (APC).

3. The method of claim 1, whercin YTHDF1 activity is attenuated in a dendritic cell
BHBO).
4. The method of claim 1, wherein attenuation of YTHDFET activity reduces expression

of one or more lysosomal cathepsins.

5. The method of claim 4, wherein the one or more lysosomal cathepsins comprise

cathepsins B, D, and/or L.

6. The method of claim 1, whevein the anticancer agent is an immune checkpoint
inhibitor.
7. The method of claim 6, wherein the immune checkpoint inhibitor is at least onc of a

PD-L1 antibody, a PD-1 antibody, a CTLA4 antibody, a C3G1 antibody, an IDG inhibitor,
Pembrolizumab (Keytruda), Nivolumab (Opdive), Cemiplimab (Libtavo), Atezolizumab

{Tecentriq), Avelumab {Bavencio), Durvalumab (Irafinzd), and Ipilimumab (Yervoy).

8. The method of claim 1, wherein YTHDFI activity is attenuated using at least one of
antibodies and any derivatives thereof, antibody-drug conjugates, fusion proteins, small
molecules, dsRNA, siRNA, anti-sense technology, aptamers, and gene editing technology

(e.g., CRISPR-based methods).
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g, The method of claim 1, wherein the subject has been diagnosed as having a type of
cancer selected from the group consisting of melanoma, breast cancer, fung cancer, ovarian
cancer, brain cancer, liver cancer, cervical cancer, colon cancer, colorectal cancer, renal
cancer, skin cancer, head & neck cancer, bone cancer, esophageal cancer, bladder cancer,
uterine cancer, bymphatic cancer, stomach cancer, pancreatic cancer, testicular cancer,

Iymphoma, and leukemia.

16. A composition for treating cancer comprising:
an anticancer agent; and

a YTH N&6-Methyladenosine RNA Binding Protein 1 (YTHDFD) inhibitor.

i1. The composition of claim 10, wherein the anticancer agent is an immune checkpoint
inhibitor selected from a PD-L1 antibody, a PD-1 antibody, a CTL A4 antibody, a CSG1
antibody, an 1DO inhibitor, Pembrolizumab (Keytruda), Nivolumab (Opdivo), Cemiplimab
{Libtayo), Atezolizumab {Tecentriq), Avehumab (Bavencio), Durvalumab (Enfinzi), and

Ipilimumab (Yervoy).

iZ. The composition of claim 10, wherein the YTHDF] inhibitor is selected from
antibodies and any derivatives thereof, antibody-drug conjugates, fusion proteins, small
molecules, dsRNA, siRNA, anti-sense technology, aptamers, and gene editing technology

{e.g., CRISPR-based methods).

13, The composition of claim 10, whersin the composition reduces expression of one or

more lysosomal cathepsins.

14. A method for enhancing cancer immunotherapy treatment comprising attenuating
activity of one or more lysosomal cathepsins in a subject recciving treatroent with an

anticancer agent.

15, The method of claim 14, wherein lysosomal cathepsin activity is attenuated using at
least one of antibodics and any derivatives thereof, antibody-drug conjugates, fusion proteins,
small molecules, dsRNA, siRNA, anti-sense technology, aptamers, and gene editing

technology (e.g., CRISPR-based methods).
44
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16. The method of claim 14, wherein lysosomal cathepsin activity is attenuated using one

or more of E6d, CA-(74, and CASIHL

17. The method of claim 14, wherein the one or more lysosomal cathepsinsg comprise

cathepsins B, D, and/or L.

18. The method of claim 14, wherein the subject has been diagnosed as having a type of
cancer selected from the group consisting of melanoma, breast cancer, fung cancer, ovarian
cancer, brain cancer, liver cancer, cervical cancer, colon cancer, colorectal cancer, renal
cancer, skin cancer, head & neck cancer, bone cancer, esophageal cancer, bladder cancer,
uterine cancer, bymphatic cancer, stomach cancer, pancreatic cancer, testicular cancer,

Iymphoma, and leukemia.
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