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Supplementary Figure 1
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Supplementary Figure 1 PRDM]1 is a regulator of PD-L1 expression in the GEPIA
database. a The GEPIA database revealed the association of the PRDM family with
PD-L1.b The GEPIA database revealed the association of PRDM1 with PDCDI1,LAG3,
TIGHT, LAYN, CXCL13, HAVCR2, and above 6 T cell exhaustion markers. n = 369
patients. Statistical tests were two-sided. P value was determined by Pearson correlation

analysis.
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Supplementary Figure 2 PRDM 1 overexpression inhibits cell-intrinsic cell growth.
a Western blot validation of BLIMP1 expression in the indicated HCC cells.
Representative of n = 3 independent biological replicates. b Immunohistochemical
analysis of Ki-67 expression in subcutaneous tumors collected from Hepal-6/H22-
bearing C57BL/6 mice (left) (n = 6 mice per group). Scale bar: 100 pm. The quantitative
ratio of Ki-67 positive tumor cells is shown on the right. Data presented as mean =SEM.
¢ Immunohistochemical analysis of Ki-67 expression in subcutaneous tumors collected
from Hepal-6/H22-bearing BALB/c nude mice (left) (n = 6 mice per group). Scale bar:
100 um. The quantitative ratio of Ki-67 positive tumor cells is shown on the right. Data
presented as mean =SEM. d CCKS assays in the indicated HCC cells. Data presented
as mean =SEM (n = 3 independent biological replicates). P value was determined by
unpaired two-sided Student’s t test with no correction for multiple comparison. The

source data are provided as a Source data file.
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Supplementary Figure 3 PrdmI-mediated tumor immune escape is dependent on
PD-L1. a-f IF staining of PD-L1 and CD8a in subcutaneous tumors of the indicated
groups and quantification of fluorescence intensity. Scale bars, 100 um. Data presented
as mean =SEM. n = 6 mice per group. g-h Pd-I1 mRNA levels in the subcutaneous
tumors of indicated groups. Data presented as mean =SEM. n = 6 mice per group. i
Representative subcutaneous tumors (left)/orthotopic transplantation tumors (right)
collected from Hepal-6-bearing C57BL/6 mice. j Tumor proliferation curves of
subcutaneous xenografts in Hepal-6-bearing C57BL/6 mice. Data presented as mean =+
SEM. n = 6 mice per group. k Tumor weight of subcutaneous tumors in Hepal-6-
bearing C57BL/6 mice. Data presented as mean &= SEM. n = 6 mice per group. |
Representative subcutaneous tumors (left)/orthotopic transplantation tumors (right)
collected from H22-bearing C57BL/6 mice. m Tumor proliferation curves of
subcutaneous xenografts in H22-bearing C57BL/6 mice. Data presented as mean =+
SEM. n = 6 mice per group. n Tumor weight of subcutaneous tumors in H22-bearing

C57BL/6 mice. Data presented as mean =SEM. n = 6 mice per group. P value was



determined by unpaired two-sided Student’s t test. The source data are provided as a

Source data file.
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Supplementary Figure 4 Quantitative analyses of the western blot results, related
to Figure 3 and Figure 4. a Quantitative analyses of the western blot results in Fig. 3a.
Representative of n = 3 independent biological replicates. b Quantitative analyses of

the western blot results in Fig. 3d. Representative of n = 3 independent biological



replicates. ¢ Quantitative analyses of the western blot results in Fig. 3e. Representative
of n = 3 independent biological replicates. d-e Quantitative analyses of the western blot
results in Fig. 4a-b, respectively. Representative of n = 3 independent biological
replicates. f Quantitative analyses of the western blot results in Fig. 4c. Representative
of n = 3 independent biological replicates. g Quantitative analyses of the western blot
results in Fig. 4g. Representative of n = 3 independent biological replicates. h-i
Quantitative analyses of the western blot results in Fig. 4i-j, respectively.
Representative of n = 3 independent biological replicates. j Quantitative analyses of the
western blot results in Fig. 4k. Representative of n = 3 independent biological replicates.
P value was determined by unpaired two-sided Student’s t test. The source data are

provided as a Source data file.
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Supplementary Figure S SPII is a regulator of PD-L1 expression in the GEPIA
database. a-g The GEPIA database revealed the association of SPI/ with PD-LI (a),
PDCDI (b), LAG3 (¢), TIGHT (d), LAYN (e), CXCL13 (f), and HAVCR?2 (g). h The
GEPIA database revealed the association of SP// with the above 6 T cell exhaustion
markers (PDCD1, LAG3, TIGHT, LAYN, CXCL13, and HAVCR?2). n = 369 patients.
Statistical tests were two-sided. P value was determined by Pearson correlation analysis.
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Supplementary Figure 6 USP22 interacts with SPI1. a Immunoprecipitation/mass
spectrum (IP/MS) analysis was utilized to validate USP22 as the interacting protein of
SPI1. b Fragmentation evidence for USP22.
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Supplementary Figure 7 Synergistic effect of Prdml overexpression and PD-1
mAb dramatically augmented the infiltrated CD8" T cells. a-c Immunofluorescence
staining of PD-L1 and CD8a (a) and quantification of fluorescence intensity (b and c)
in Hepal-6 xenografts. Scale bars, 100 um. Data presented as mean =SEM. n = 6 mice
per group. d-f Immunofluorescence staining of PD-L1 and CD8a (d) and quantification
of the fluorescence intensity (e and f) in H22 xenografts. Scale bars, 100 pm. Data
presented as mean ==SEM. n = 6 mice per group. P value was determined by unpaired
two-sided Student’s t test with no correction for multiple comparison. The source data

are provided as a Source data file.
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Supplementary Figure 8 CD8" T cells are essential for the synergistic effect of
cotreatment with Prdm1 overexpression and PD-1 mAb. a, b Schematic view of the
treatment plan in subcutaneous and orthotopic tumors. ¢, d Representative xenograft
tumors (left) or orthotopic tumors (right) obtained after euthanizing the mice. e, f Tumor
growth curves (e) and tumor weights (f) of Hepal-6-bearing C57BL/6 mice. Data
presented as mean =SEM. n = 6 mice per group. g-h Tumor growth curves (g) and
tumor weights (h) of H22-bearing C57BL/6 mice. Data presented as mean =SEM. n =
6 mice per group. P value was determined by unpaired two-sided Student’s t test with
no correction for multiple comparison. Schematic diagrams (a and b) were created with

BioRender.com. The source data are provided as a Source data file.
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Supplementary Figure 9 PRDMI1/BLIMPL overexpression potentiates T-cell

exhaustion. a Multi-color immunohistochemistry using HCC biopsies before PD-1
mADb-based therapies. Scale bars, 100 pm. b The quantitative ratio of GZMB*CD8" T
cells. Data presented as mean =SEM. n = 22 patients. ¢ The changes in tumor diameter
for patients, where those with increased tumor diameter are colored by red and those
with decreased tumor diameter are colored by blue. n = 22 patients. d Quantitative
correlation between the changes in tumor diameter and BLIMP1 expression levels. P
value was determined by unpaired two-sided Student’s t test (b) and Pearson correlation

analysis (d). The source data are provided as a Source data file.
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Supplementary Figure 10 Gating strategies used for flow cytometry staining. Gating
strategy used to sort CD8" T cells, CD8"TNFa" cells, CD8"GZMB" cells, and CD8"
PD1" cells and for flow cytometry staining (Figure 1f, g, and k; Figure 2g and h; Figure
61 and j).



Supplementary Table 1: DUB Family

Entrez Gene Current Entrez Gene Current Entrez Gene Current
1D Symbol 1D Symbol 1D Symbol

1540 CYLD 10869 USP19 59343 SENP2
4287 ATXN3 10980 COPS6 64854 USP46
5713 PSMD7 10987 COPS5 78990 OTUB2
7128 TNFAIP3 11274 USP18 79101 JOSD3
7345 UCHL1 23032 USP33 79184 BRCC3
7347 UCHL3 23192 ATG4B 80124 VCPIP1
7375 USP4 23326 USP22 83844 USP26
7398 USP1 23358 USP24 84101 USP44
7874 USP7 25862 USP49 84132 USP42
8078 USP5 26054 SENP6 84196 USP48
8237 USP11 26168 SENP3 84640 USP38
8239 USP9X 27005 USP21 84669 USP32
8287 USP9Y 29761 USP25 84749 USP30
8314 BAPI1 29843 SENP1 84954 MPND
8665 EIF3S5 51377 UCHLS5 85015 USP45
8667 EIF3S3 51633 OTUD6B 92552 ATXN3L
8975 USP13 54726 OTUD4 114803 MYSMI1
9097 USP14 54764 ZRANBI 115201 ATG4A
9098 USP6 55031 USP47 124739 USP43
9099 USP2 55230 USP40 126119 JOSD2
9100 USP10 55432 YOD1 139562 OTUDG6A
9101 USP8 55593 OTUDS 158880 USP51
9736 USP34 55611 OTUBI 159195 USP54
9924 USP52 56957 OTUD7B 161725 OTUD7A
9929 JOSD1 57097 PARPI11 205564 SENP5
9958 USP15 57337 SENP7 219333 USP12
9960 USP3 57478 USP31 220213 OTUDI
10208 USPL1 57558 USP35 220594 LOC220594
10213 PSMD14 57559 STAMBPLI1 373509 USP50
10600 USP16 57602 USP36 373856 USP41
10617 STAMBP 57646 USP28 377630 DUB3
10713 USP39 57663 USP29 645836 LOC645836
10868 USP20 57695 USP37




Supplementary Table 2: General Description of Patients with HCC from

Nanjing Medical University

Characteristics Cohortl Cohort2 Cohort3
No. of patients 40 90 22
Age
<60 19 (47.5%) 34 (37.8%) 18 (81.8%)
>60 21 (52.5%) 56 (62.2%) 4 (18.2%)
Gender
Male 30 (75.0%) 75 (83.3%) 16 (72.7%)
Female 10 (25.0%) 15 (16.7%) 6 (27.3%)
Cirrhosis status
Yes 34 (85.0%) 79 (87.8%) 18 (81.8%)
No 6 (15.0%) 11 (12.2%) 4 (18.2%)
HBs Antigen
Yes 36 (90.0%) 78 (86.7%) 19 (86.4%)
No 4 (10.0%) 12 (13.3%) 3 (13.6%)
AFP
Negative 10 (25.0%) 19 (21.1%) 5 (22.7%)
Positive 30 (75.0%) 71 (78.9%) 17 (77.3%)
Tumor Stage
| 17 (42.5%) 35 (38.9%) 0 (0%)
] 8 (20.0%) 26 (28.9%) 6 (27.3%)
1 11 (27.5%) 21 (23.3%) 14 (63.6%)
v 4 (10.0%) 8 (8.9%) 2 (9.1%)




Supplementary Table 3: Sequences of oligonucleotides for sgRNA/shRNA

Gene Species Sequence (5'-3")

sgPRDM1#1: GAAGTGGTGAAGCTCCCCTC

sgPRDM1 Human

sgPRDM1#2: GCAGCCAGGTTTTGCTCCCG

sgPrdm1#1: ACACGCTTTGGACCCCTCAT
sgPrdml mouse

sgPrdml1#2: GAAGTGGTGGAACTCCTCTC
shUSP22 Human shUSP22: TCGAAGAGTGGTAAGGTTCACA

shSPI1 Human shSPI1: AGTCCCAGTAATGGTCGCTAT




Supplementary Table 4: Primers sequences used for real-time PCR

Gene

Species

Sequence (5'-3")

PD-L1

uSpP22

USP33

SPI1

Human

Human

Human

Human

Forward: TGGCATTTGCTGAACGCATTT
Reverse: TGCAGCCAGGTCTAATTGTTTT
Forward: GTGGACAACTGGAAGCAGAAC
Reverse: AGGAATGCAGCCTGTTGAGG
Forward: TCGGCAAGCCCTCCTAAATC
Reverse: TTGCCAGGAATTGGCAAGGA
Forward: ATGGAAGGGTTTCCCCTCGT
Reverse: CTGGAGCTCCGTGAAGTTGT




Supplementary Table 5: Primers sequences used for ChIP

Gene Species Sequence (5'-3")
SPI11/PD-L1 binding Human Forward: AACTTGTTGTACATGTGTGTGTCA
site 1 Reverse: CCCGAAGTTGGGTGACTTCC
SPI1/PD-L1 binding Forward: ACTTCGGGAACTTTGGGAAGTC
site 2 Auman Reverse: AGGCTGACACTGCCTTGATTT
SP11/PD-L1 binding Forward: AGCCTTAATCCTTAGGGTGGC
site 3 Auman Reverse: AAGAACTTCCCATCCCGAGC
SP11/PD-L1 binding Forward: GAGGAAGTCACAGAATCCACGA
site 4 Auman Reverse: AAAGTCAGCAGCAGACCCAT
SPI1/PD-L1 negative Human Forward: TTGGGGCCAAAGAGAACTCC
control#1 Reverse: TTATCTGGGAAATTATTGAGGCTGA
SPI1/PD-L1 negative Forward: CTAGAAGTTCAGCGCGGGAT
control#2 Auman Reverse: TGAATGGGCCCAAGATGACA
BLIMP1/USP22 Forward: TGAGCGAGCATCAGACATGG
binding site Human Reverse: GACAAATTGCCGAGCACAGG
BLIMP1/USP22 Forward: AGGGCTTCACCGGGTAATTC
negative control#1 Human Reverse: TACTACAGCCGCAAGTTCCC
BLIMP1/USP22 Human Forward: ATGTGAAGTGTCAGGCGTGT

negative control#2

Reverse: CTGATAGTGAGGGCCAACCC




