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Extended Data Fig. 8| Regulation of MHC-I stability by SPSB1-containing
E3ligases. a-c, Co-IP of Flag-tagged SPSB1 and Myc-tagged HLAs in 293FT
cells transfected with Flag-tagged SPSB1and empty vector, or Myc-tagged
HLA-A (a), HLA-B (b), or HLA-C (¢). d, MHC-I protein turnover decreases with

3’UTRCES-SPSBI1 in LNCaP-abl cells upon CHX treatment at different time points.

e, Overexpression of SPSB1reduces the MHC-I protein level in 22Rv1 cells.
f, Overexpression of SPSBlincreases MHC-1 turnover in 22Rv1 cells upon CHX
treatment at different time points. g, The effects of protease inhibitors on the

MHC-I protein level in 22Rv1 cells stably overexpressing SPSB1-Flag or control.
h-j, Co-IP of Flag-tagged SPSB1and E3 complex factors, Cul2 (h), Elongin C (i), or
RBX1 (j) in HEK293T cells. k, Co-IP analysis of the interactions between MHC-I1and
E3 complex factors in 22Rv1 cells following MG132 treatment. I, Co-IP analysis of
theinteractions between SPSB1and MHC-I or E3 complex factors in 22Rv1 cells
overexpressing SPSB1-Flag or control. Immunoblots shown are representative of
three independent experiments (a-I).
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Extended Data Fig. 9| Effects of 3’'UTRCES engineering of the SPSB1 pPAS

on MHC-1and PD-L1 membrane expression, antigen presentation, and

CDST cell killing in various prostate cancer cells with different genetic
backgrounds. a-d, Quantification of the surface levels of HLA-B (a, ¢) and
HLA-ABC (b, d) following 3’'UTRCES-SPSBI treatment in 22Rv1 cells (a, b) and
LNCaP-abl (¢, d) cells (n = 3). e-j, 3’'UTRCES-Spsb1 reduces the ratio of proximal/
distal Spsb1 poly(A) usage (e, g, and i, n = 3) and Spsbl protein levels (f, h,

andj) in Pten”", Smad4™" (e, f), Pten”", PS37", Smad4™" (g, h), or Pten”", Rb™" cells
(i,j), respectively. k-m, 3’UTRCES-Spsb1 increases the surface levels of H-2K” on
Pten”", Smad4” (k), Pten”", PS3”", Smad4”" (1) or Pten”", Rb™" cells (m) (n =3).
n-p, 3’'UTRCES-Spsb1 does not change the surface levels of PD-L1on Pten™,
Smad4”" (n), Pten”", PS37", Smad4™" (o), or Pten”", Rb™" (p) cells (n = 3).

q, 3’'UTRCES-Spsb1 increases the proportion of SHINFEKL-H2K® positive Pten”",
Rb™” cells (n=3).r,s, Pten”", PS37", Smad4™" (r), or Pten”",Rb™" cells (s) viability
following 3’UTRCES-SpsblI treatment in the absence or presence of indicated
OT-1CD8T cells atincreasing T cell-to-target tumour cell ratios. Data represents
six technical replicates (n = 6) from one representative experiment out of three
independent experiments. Data are presented as mean +s.d. Unpaired t test, two-
tailed (a-e, g, k-q), unpaired t test with Welch’s correction, two-tailed (i), two-way
ANOVA, Sidak’s multiple comparisons test between gCtrl and Spsbl-g5; Tukey’s
multiple comparisons test test among different ratios in either gCtrl or Spsb1-g5
group (r, s). Quantification of the flow cytometry or RHAPA analysis (a-e, g, i, k-q)
were based on three independently treated cell cultures for each of the cell lines.
*P<0.05,*P<0.01,**P < 0.001, ***P < 0.0001; ns, not significant.
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | Clinical association analysis and biochemical analysis
of syngeneic mouse tumors demonstrated 3’'UTRCES targeting Spsb1 elicits
effective ICT response. a, b, Spearman’s rank correlation analysis between SPSB1
PDUI, and the IFNy pathway score (a) or STATI mRNA expression (b) using CRPC
datasets (Betran, n =47; SU2C, n=43). ¢, d, Growth curves of Pten”", P537"(c)

or HMVP2 (d) syngeneic tumors treated with TT3 LNP-3’UTRCES-SpsbI or TT3
LNP-3'UTRCES-gCtrl, in combination with anti-PD1/anti-CTLA4 or isotype
control antibodies (n=7). e, f,3’'UTRCES-SpsbI decreases the ratio of proximal/
distal Spsb1 polyA usage in Pten”", PS37"(e) or HMVP2 (f) tumor samples (n = 6).
g, h, Body weights of C57BL/6) (g) or FVB (h) mice uponindicated treatments
(n=7).i,j, Measurement of the tumor growth (i) and weights (j) of Pten™",

P53 syngeneic tumors in wild-type mice, T-cell receptor a (Tcra) KO or T-cell
receptor beta (Tcrb) KO mice treated with TT3 LNP-3’'UTRCES-SpsbI or TT3
LNP-3'UTRCES-gCtrl, in combination with anti-PD1/anti-CTLA4 antibodies
(n=8).Kk,1, Percentage of CD45-positive leukocytes within Pten”", PS37" (k) or
HMVP2 (I) syngeneic tumors (n = 6) upon indicated treatments. m, n, Spearman’s
rank correlation analysis of SPSBI PDUl and T cell-inflamed GEP score (m) or

CD8signature score (n) in the Beltran+SU2C CRPC cohort. o, p, Measurement
of tumor growth (o) and weights (p) of Pten”, PS37 syngeneic tumors treated
with TT3 LNP-3’UTRCES-SpsbI or TT3 LNP-3’'UTRCES-gCtrl, in combination

with anti-PD1/anti-CTLA4 antibody, with or without concurrent anti-CD8
antibody treatment (n = 8). q, Immunoblot analysis of lysates from control or
H2-kI stable-knockout HMVP2 cells. Cell lysates forimmunoblot analysis were
derived from independent cell cultures. Immunoblots shown are representative
ofthreeindependent experiments.r, Flow cytometry analysis of the surface
levels of H-2K"in H2-k1-depleted or control HMVP2 syngeneic tumors (n = 6) with
indicated treatment. Data are presented as mean +s.e.m. except for f, k, I, which
aremean +s.d. Spearman’s rank correlation, two-tailed (a, b, m, n), two-way
ANOVA, Tukey’s multiple comparisons test (¢, d, 0), Ordinary one-way ANOVA,
Tukey’s multiple comparisons test (e, f, k, I, r), two-way ANOVA, Sidak’s multiple
comparisons test (i), Lognormal ordinary one-way ANOVA, Tukey’s multiple
comparisons test (j, p). *P < 0.05, **P < 0.01, **P < 0.001, ***P < 0.0001; ns, not
significant.
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Data collection | gPCRsoft3.4 (qTOWER3G system, Analytik Jena); Image Studio Ver 5.2 (LI-COR Odyssey Fc); Living Image software 4.3.1 (64-bit, Caliper life
science); SoftMax pro6.4 (Molecular Devices, Spectra Max M3); IDEXX ProCyte DX (IDEXX laboratories); Alfa Wassermann Vet Axcel (Alfa
Wassermann Diagnostic Technologies); lllumina NovaSeq 6000 system; Proteome Discoverer 2.5 software; BD Canto Il flow cytometer and
FACS DIVA software (version 8.01)

Data analysis All the data were analysed and graphed using GraphPad Prism or R-4.2.0. QuantSeq data was analyzed using fastp (v0.23.2), STAR (v2.7.8a),
deepTools (v3.5.1), Subread (v2.0.1), and DESeq2 (v1.42.0); RNA-seq data was analyzed using Trimmomatic (version 0.38), STAR (v2.5.3a),
edgeR (version 3.38.1), and Dapars (version 0.9.1); Proteomics raw data was analyzed using proteome Discoverer 2.5 software; Flow
cytometry raw data was analyzed by Flowjo software (v10.10.0) or FACS DIVA software (version 8.01).
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RNA-seq and QuantSeq data have been deposited at the NCBI Gene Expression Omnibus (GEO) GSE210746. The mass spectrometry proteomics data have been
deposited to the ProteomeXchange Consortium via the PRIDE8S partner repository with the dataset identifier PXDO57059 and 10.6019/PXD057059 or PXD071209
and 10.6019/PXD0712089. Public RNA-seq data from primary prostate cancer was downloaded from database of Genotypes and Phenotypes (dbGaP) repository
(phs000178.v11.p8; phs000443.v1.p1). CRPC datasets were downloaded with dbGaP Study Accession: phs000915.v2.p2, phs000909.v1.p1, and phs001648.v2.p1.
Prostate cancer organoid dataset was downloaded with dbGaP Study Accession: phs001587.v3.p1. The Melanoma Genome Sequencing Project was downloaded
with dbGaP Study Accession: phs000452.v5.p2. All source data and materials are available upon request from the corresponding authors.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes for in vivo engrafted and mice treatment experiments are based upon previous experience by our lab (Chen et al, PMID:
29844167) and others as well as power calculations for detecting biologically relevant changes in tumor mass. We calculate that a sample size
of n=6/group is necessary to detect a 25% treatment effect on tumor mass (primary outcome) assuming up to 15% deviation, with a p<0.05
and Power (1-8)=0.8.

Data exclusions  No data were excluded.

Replication All the in vitro experiments were repeated independently at least three times. All attempts at replication were successful. For 3'UTRCES
treatment in 22Rv1 engrafted models, 6 mice per group were included in the measurement of tumor growth or weights; for 3'UTRCES
treatment in HMVP2 engrafted models, 6 mice per group were included in the measurement of tumor growth or weights, 5 mice per group
were included for toxicity profiling. For biochemical analysis of 3'UTRCES molecular outcomes in 22Rv1 and HMVP2 tumors, at least 3
biological samples from each group were included in the experiments. For combination treatment of 3'UTRCES and immune checkpoint
therapies in Pten-/-, P53-/- and HMVP2 syngeneic models, with or without additional anti-CD8 antibody treatment, 7 or 8 mice per group
were included in the measurement of tumor growth or weights. For biochemical analysis, at least 2 biological samples from each group were
included in the experiments.

Randomization  Male mice of the same age were allocated randomly into different groups.

Blinding For in vitro studies, randomization and blinding were not feasible; however, all cell lines were handled and treated identically, without prior
group designation. The in vivo studies were performed in a blinded manner. All IHC score evaluation and histological examination were
performed by pathologists in a blinded manner to avoid subjective bias.
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Plants

Antibodies

Antibodies used The antibodies used in this study were purchased from following vendors: anti-B-Actin antibody (Santa Cruz, catalogue no.
sc-47778); anti-Flag M2 antibody (Sigma, catalogue no. F1804) or mouse IgG (Santa Cruz, catalogue no. sc-2025 ); DYKDDDDK Tag
(D6WSB) Rabbit mAb (Binds to same epitope as Sigma's Anti-FLAG® M2 Antibody)(CST, 14793S);Myc-Tag (9B11) Mouse mAb(CST,
2276S); Ubiquitin (P4D1) Mouse mAb(CST, 58395);anti-Cul2(Abcam, ab166917); anti-TCEB1(Belthyl, A304-787A); anti-RBX1(CST,
11922); anti-WDR33 (Bethyl, catalogue no. A301-151A); anti-CPSF30 (Bethyl, catalogue no. A301-584A); anti-CPSF73 (Bethyl,
catalogue no. A301-091A); MCM3(Selleck, F3650); MCM4 (Selleck, F1235); CAD(Selleck, F0980,); HEXIM1(Selleck, F1502);
SOD2(Selleck, FO508); CGL(Genuinbiotech, #63437); Anti-HLA Class 1 ABC antibody [EPR22172](Abcam, ab225636); Anti-HLA Class 1
ABC antibody [EMR8-5](Abcam, ab70328); Anti-Human CD8(DAKO, M7103); WesternSure® Goat anti-Rabbit HRP Secondary
Antibody(LI-COR, catalogue no. 926-80011); WesternSure® Goat anti-Mouse HRP Secondary Antibody(LI-COR, catalogue no.
926-80010); anti-SPSB1 antibody was generated by our lab from YenZym Antibodies LLC (Brisbane, CA) and readily available from
authors upon request.

Antibody for flow cytometry were purchased from Biolegend, except for anti-HLA-B antibody, which was purchased from BD.The
antibody information is as follows:FITC anti-mouse CD45 Antibody(103108);Pacific Blue™ anti-mouse CD3g Antibody(100334);APC/
Fire™ 750 anti-mouse CD8a Antibody(100766);Alexa Fluor® 647 anti-mouse IFN-y Antibody(505814);PE anti-human/mouse
Granzyme B Recombinant Antibody(372208);PE anti-mouse TNF-a Antibody(506306);Alexa Fluor® 647 anti-mouse H-2Kb/H-2Db
Antibody(114612);Alexa Fluor® 647 anti-mouse H-2Kq Antibody(115106);APC anti-mouse H-2Kb bound to SIINFEKL
Antibody(141606);APC anti-mouse CD274 (B7-H1, PD-L1) Antibody(124312);APC anti-human CD274 (B7-H1, PD-L1)
Antibody(374514);APC anti-human HLA-A2 Antibody(343308);Alexa 647-labelled anti-HLA-ABC antibody(311414);Alexa 647-labelled
anti-HLA-B(BD, 569663).

Validation All antibodies were commercially available, except anti-SPSB1 antibody. Specificity and sensitivity of each antibody have been
validated by the manufacturers. SPSB1 antibody was generated by YenZym Antibodies LLC (Brisbane, CA); for western blotting and
IHC applications, SPSB1 antibody has been validated by our lab using cell pellets from SPSB1 pPAS targeting gRNA transfection, SPSB1
siRNA, or CRISPR/Cas9 targeting of SPSB1.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) The human prostate cancer cell line LNCaP-abl was provided by Dr. Zoran Culig (Innsbruck Medical University, Austria); 22Rv1
cell line was obtained from ATCC (Catalog number: CRL-2505); Primary Prostate Epithelial Cells PrEC were purchased from
ATCC(PCS-440-010); human Benign Prostatic Hyperplasia Cell Line BPH-1 were purchased from Sigma-Aldrich(SCC256);
HEK293FT cell line was purchased from Thermo Scientific (Catalog number: R70007); The mouse cell HMVP2 was kindly
provided by Dr. Everardo Macias; Pten-/-, P53-/- and Pten-/-, Rb-/- cells were kindly provided by Dr. Ming Chen. Pten-/-,
Smad4-/-, Pten-/-, P53-/-, Smad4-/- cells were kindly provided by Dr. Xin Lu.

Authentication Above cell lines have been authenticated by STR profiling and karyotyping. All cell lines were passaged in our lab for less than
6 months after resuscitation.

Mycoplasma contamination The cell lines were routinely tested to ensure they are negative for mycoplasma contamination (VenorGeM Mycoplasma
Detection Kit, Sigma-Aldrich).

Commonly misidentified lines  No commonly misidentified cell lines were used.
(See ICLAC register)




Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research
Laboratory animals Six to eight-week-old male athymic nude mice (Strain# 007850), C57BL/6J (Strain# 000664), Tcra KO (Strain# 002116) and Tcrb KO
(Strain# 002118) mice were obtained from The Jackson Laboratory (Bar Harbor, ME), and FVB mice (Strain# 207) were obtained from
Charles River Laboratories (Wilmington, MA).
Wild animals N/A
Reporting on sex As prostate cancer only occurs in men, only male mice were used.

Field-collected samples  None

Ethics oversight Animal studies were approved by the Institutional Animal Care and Use Committee of Duke University.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Flow Cytometry

Plots
Confirm that:

|Z The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

|Z| All plots are contour plots with outliers or pseudocolor plots.

g A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software
Cell population abundance

Gating strategy

The indicated tumor were collected at the end of treatment protocol, and mechanically minced and incubated in DNase | (50
ug ml-1, Sigma) and collagenase P (2 mg ml-1, Sigma) for 20 min at 37°C. The dissociated cells were passed through a 70-um
cell strainer (BD). The filtered cells were then blocked with an anti-CD16/32 antibody and stained with indicated surface
antibodies for 20 min on ice. For analysis of membrane MHC-I and subtypes, or PD-L1 expression, human or mouse prostate
cancer cells following 3'UTRCES transfection were dissociated using Accutase (Thermo, 00-4555-56), and stained with
indicated antibodies for 20 min on ice. Dead cells were marked using DAPI staining for cell line samples, 7AAD staining for
fresh tumor samples or live/dead fixable Aqua dye (Thermo) for fixed tumor samples. Intracellular antibodies were added
after fixation and permeabilization as per the manufacturer’s instructions.

BD Canto Il Flow Cytometry System

Cell populations were first recorded using FACS DIVA software (version 8.01), and data were then analyzed using FlowJo
(version 10) or FACS DIVA software (version 8.01).

Live cells were first selected based on cellular size and staining signal for viability. Each cell population was then determined
by the staining intensity of surface markers.

The lymphocytes, human, or mouse prostate cancer cells were gated based on FSC-A and SSC-A. Singlets were gated
according to FSC-H vs FSC-A. The gates for indicated markers were set based on single-stained compensation controls. Dead
cells were excluded using 7AAD or DAPI dye for fresh samples, or Fixable Aqua dye for fixed samples. Live CD45 positive
immune cells were gated, followed by the identification of specific cell populations based on the expression of surface
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markers.

|Z Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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