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Extended Data Fig. 8 | Regulation of MHC-I stability by SPSB1-containing  
E3 ligases. a-c, Co-IP of Flag-tagged SPSB1 and Myc-tagged HLAs in 293FT  
cells transfected with Flag-tagged SPSB1 and empty vector, or Myc-tagged 
HLA-A (a), HLA-B (b), or HLA-C (c). d, MHC-I protein turnover decreases with 
3′UTRCES-SPSB1 in LNCaP-abl cells upon CHX treatment at different time points. 
e, Overexpression of SPSB1 reduces the MHC-I protein level in 22Rv1 cells. 
 f, Overexpression of SPSB1 increases MHC-I 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 SPSB1 and E3 complex factors, Cul2 (h), Elongin C (i), or 
RBX1 (j) in HEK293T cells. k, Co-IP analysis of the interactions between MHC-I and 
E3 complex factors in 22Rv1 cells following MG132 treatment. l, Co-IP analysis of 
the interactions between SPSB1 and MHC-I or E3 complex factors in 22Rv1 cells 
overexpressing SPSB1-Flag or control. Immunoblots shown are representative of 
three independent experiments (a-l).
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Extended Data Fig. 9 | Effects of 3′UTRCES engineering of the SPSB1 pPAS  
on MHC-I and PD-L1 membrane expression, antigen presentation, and 
CD8 T cell killing in various prostate cancer cells with different genetic 
backgrounds. a-d, Quantification of the surface levels of HLA-B (a, c) and  
HLA-ABC (b, d) following 3′UTRCES-SPSB1 treatment in 22Rv1 cells (a, b) and 
LNCaP-abl (c, 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 Spsb1 protein levels (f, h,  
and j) in Pten−/−, Smad4−/− (e, f), Pten−/−, P53−/−, Smad4−/− (g, h), or Pten−/−, Rb−/− cells 
(i, j), respectively. k-m, 3′UTRCES-Spsb1 increases the surface levels of H-2Kb on 
Pten−/−, Smad4−/− (k), Pten−/−, P53−/−, Smad4−/− (l) or Pten−/−, Rb−/− cells (m) (n = 3).  
n-p, 3′UTRCES-Spsb1 does not change the surface levels of PD-L1 on Pten−/−, 
Smad4−/− (n), Pten−/−, P53−/−, Smad4−/− (o), or Pten−/−, Rb−/− (p) cells (n = 3).  

q, 3′UTRCES-Spsb1 increases the proportion of SIINFEKL-H2Kb positive Pten−/−, 
Rb−/− cells (n = 3). r, s, Pten−/−, P53−/−, Smad4−/− (r), or Pten−/−,Rb−/− cells (s) viability 
following 3′UTRCES-Spsb1 treatment in the absence or presence of indicated 
OT-1 CD8 T cells at increasing 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, Šídák’s multiple comparisons test between gCtrl and Spsb1-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 IFNγ pathway score (a) or STAT1 mRNA expression (b) using CRPC 
datasets (Betran, n = 47; SU2C, n = 43). c, d, Growth curves of Pten−/−, P53−/−(c) 
or HMVP2 (d) syngeneic tumors treated with TT3 LNP-3′UTRCES-Spsb1 or TT3 
LNP-3′UTRCES-gCtrl, in combination with anti-PD1/anti-CTLA4 or isotype 
control antibodies (n = 7). e, f, 3′UTRCES-Spsb1 decreases the ratio of proximal/
distal Spsb1 polyA usage in Pten−/−, P53−/−(e) or HMVP2 (f) tumor samples (n = 6). 
g, h, Body weights of C57BL/6J (g) or FVB (h) mice upon indicated 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 α (Tcrα) KO or T-cell 
receptor beta (Tcrb) KO mice treated with TT3 LNP-3′UTRCES-Spsb1 or TT3 
LNP-3′UTRCES-gCtrl, in combination with anti-PD1/anti-CTLA4 antibodies 
(n = 8). k, l, Percentage of CD45-positive leukocytes within Pten−/−, P53−/− (k) or 
HMVP2 (l) syngeneic tumors (n = 6) upon indicated treatments. m, n, Spearman’s 
rank correlation analysis of SPSB1 PDUI and T cell-inflamed GEP score (m) or 

CD8 signature score (n) in the Beltran+SU2C CRPC cohort. o, p, Measurement 
of tumor growth (o) and weights (p) of Pten−/−, P53−/− syngeneic tumors treated 
with TT3 LNP-3′UTRCES-Spsb1 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-k1 stable-knockout HMVP2 cells. Cell lysates for immunoblot analysis were 
derived from independent cell cultures. Immunoblots shown are representative 
of three independent experiments. r, Flow cytometry analysis of the surface 
levels of H-2Kq 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, l, which 
are mean ± s.d. Spearman’s rank correlation, two-tailed (a, b, m, n), two-way 
ANOVA, Tukey’s multiple comparisons test (c, d, o), Ordinary one-way ANOVA, 
Tukey’s multiple comparisons test (e, f, k, l, r), two-way ANOVA, Šídák’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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