Table S1
	gRNA
	Sequence

	gRNA1
	AACCGGAAACCTAGTAGTCCAGG

	gRNA2
	TCCTGGGGGGACAACCCGCAGGG

	gRNA3
	TCTAATGCACCTGGACTACTAGG

	gRNA4
	CCTGGGGGGACAACCCGCAGGGG



Table S2
	Primers
	Sequence

	Usp22-F
	GGCACTCTGGATCCAAACCTAAT

	Usp22-R
	AACCTCATAGCACTGAATACTCCA

	Alb-MF
	GAAGCAGAAGCTTAGGAAGATGG

	Alb-MR
	TTGGCCCCTTACCATAACTG


Usp22: Homozygotes: one band with 250 bp
Heterozygotes: two bands with 250 bp and 190 bp
Wildtype allele: one band with 190 bp
Cre amplicon: ~400 bp

Table S3
	siRNA
	Sequence

	USP22 siRNA-1
	GAGCTACCAGGAGTCCACAAAG

	USP22 siRNA-2
	TGTGCCAGGACTACATCTATG

	USP22 siRNA-3
	GCGAAGGGTACTTGCTGTTCTA

	USP22 siRNA-4
	GCCTACCTGCTGTAAGATTAUG

	FKBP12 siRNA-1
	GAGUGCAGGUGGAAACCAUTT

	FKBP12 siRNA-2
	CAGAGAGCCAAACUGACUATT

	FKBP12 siRNA-3
	CGUCUUCGAUGUGGAGCUUTT

	TSC1 siRNA-1
	CGGCTGATGTTGTTAAATA

	TSC1 siRNA-2
	GTGGCCCT-ATGCTTGTAAA

	BECN1 siRNA-1
	GCTTGGGTGTCCTCACAATTT

	BECN1 siRNA-2
	CCCGTGGAATGGAATGAGATT



Table S4
	Antibodies 
	Company
	Product code

	DYKDDDDK Tag
	CST
	Cat#8146

	Anti-Ki67
	Abcam
	Cat#ab15580

	Anti-USP22
	Abcam
	Cat#ab235923

	Anti-USP22
	Abcam
	Cat#ab195289

	β-actin
	ABclonal
	Cat#AC026

	mTOR
	CST
	Cat#2983

	p-mTOR (S2448)
	CST
	Cat#5536

	p70 S6 Kinase
	CST
	Cat#2708

	p-P70 S6 Kinase(T389)
	CST
	Cat#9234

	4E-BP1
	CST
	Cat#9644

	p-4EBP1(T37/46)
	CST
	Cat#2855

	Anti-FKBP12
	Abcam
	Cat#ab2918

	Anti-FKBP12
	Abcam
	Cat#ab108420

	Anti-Myc tag
	Abcam
	Cat#ab9106

	Anti-Flag M2
	Sigma-Aldrich
	Cat#F1804

	Anti-Ubiquitin
	Abcam
	Cat#ab134953

	Rabbit IgG, isotype
	Abcam
	Cat# ab172730

	LC3A/B
	CST
	Cat#12741

	SQSTM1/p62
	Proteintech
	Cat#18420-1-AP

	Beclin-1
	CST
	Cat#3495

	Anti-Hamartin
	Abcam
	Cat#ab40872

	Goat Anti-Rabbit IgG H&L (HRP)
	Abcam
	Cat#ab6721

	Goat Anti-Mouse IgG H&L (HRP)
	Abcam
	Cat#ab6789



Table S5
	Score
	Staining intensity
	
	Score
	Positive cell proportion

	0
	Negative 
	
	1
	≤25% 

	1
	Weak positive 
	
	2
	26%-50%

	2
	Moderate positive
	
	3
	51%-75%

	3
	Strong positive 
	
	4
	>75%




Table S6 Characteristics of LT recipients with HCC beyond Milan criteria based on USP22 expression
	[bookmark: _Hlk102588383]Variable
	All(n=115)
	Low USP22 expression (n=47)
	High USP22 expression(n=68)
	P value 

	Age
	
	
	
	0.335

	≥ 50 years old
	69 (60%)
	31 (66%)
	38 (55.9%)
	

	< 50 years old
	46 (40%)
	16 (34%)
	30 (44.1%)
	

	Gender
	
	
	
	0.066

	Males
	112 (97.4%)
	44 (93.6%)
	68 (100%)
	

	Females
	3 (2.6%)
	3 (6.4%)
	0 (0%)
	

	Pathological grade
	
	
	
	1.000

	High or Mod
	58 (50.4%)
	24 (51.1%)
	34 (50.0%)
	

	Low
	57 (57.0%)
	23 (48.9%)
	34 (50.0%)
	

	Tumor nodes
	
	
	
	0.803

	1
	20 (17.4%)
	9 (19.1%)
	11 (16.2%)
	

	≥ 2
	95 (82.6%)
	38 (80.9%)
	57 (83.8%)
	

	Vascular invasion
	
	
	
	0.569

	Yes
	61 (53.0%)
	23 (48.9%)
	38 (55.9%)
	

	No
	54 (47.0%)
	24 (51.1%)
	30 (44.1%)
	

	Largest tumor size
	
	
	
	0.524

	≥ 5cm
	105 (91.3%)
	44 (93.6%)
	61 (89.7%)
	

	< 5cm
	10 (8.7%)
	3 (6.4%)
	7 (10.3%)
	

	AFP 
	
	
	
	1.000

	≥ 400 ng/mL
	39 (33.9%)
	16 (34.0%)
	23 (33.8%)
	

	< 400 ng/mL
	76 (66.1%)
	31 (66.0%)
	45 (66.2%)
	

	TACE before LT
	
	
	
	1.000

	Yes
	47 (40.9%)
	19 (40.4%)
	28 (41.2%)
	

	No
	68 (59.1%)
	28 (59.6%)
	40 (58.8%)
	

	RFA before LT
	
	
	
	0.738

	Yes
	10 (8.7%)
	5 (10.6%)
	5 (7.4%)
	

	No
	105 (91.3%)
	42 (89.4%)
	63 (92.6%)
	

	MELD
	20.51±11.14
	19.13±11.13
	21.47±11.14
	0.289

	Child-Pugh
	8.66±2.14
	8.49±2.00
	8.78±2.23
	0.277

	Capsule
	
	
	
	1.000

	Complete
	61 (53.0%)
	25 (53.2%)
	36 (52.9%)
	

	Incomplete
	54 (47.0%)
	22 (46.8%)
	32 (47.1%)
	

	HBV
	
	
	
	0.777

	+
	101 (87.8%)
	42 (89.4%)
	59 (86.8%)
	

	-
	14 (12.2%)
	5 (10.6%)
	9 (13.2%)
	




Table S7 Univariate and multivariate Cox regression analysis of risk factors for OS in recipients beyond Milan criteria
	Variable
	Univariate analysis
	
	Multivariate analysis

	
	Exp(B)
	95% CI
	P
	
	Exp (B)
	95% CI
	P

	Use of sirolimus
	0.469
	0.245-0.896
	0.022
	
	[bookmark: _Hlk102591499]0.465
	0.228-0.949
	0.035

	Age
	1.023
	0.546-1.916
	0.944
	
	
	
	

	Gender (female)
	0.727
	0.100-5.290
	0.753
	
	
	
	

	Pathological grade (low)
	2.543
	1.316-4.913
	0.005
	
	
	
	

	Tumor nodes ≥ 2
	2.205
	0.786-6.188
	0.133
	
	
	
	

	Vascular invasion
	2.670
	1.361-5.239
	0.004
	
	[bookmark: _Hlk102591536]2.513
	1.199-5.266
	0.015

	Largest tumor size≥ 5cm
	4.473
	0.615-32.544
	0.139
	
	
	
	

	AFP ≥ 400 ng/mL
	2.869
	1.548-5.318
	0.001
	
	
	
	

	TACE before LT
	1.025
	0.552-1.903
	0.938
	
	
	
	

	RFA before LT
	0.720
	0.222-2.334
	0.585
	
	
	
	

	MELD
	1.038
	1.011-1.066
	0.005
	
	
	
	

	[bookmark: _Hlk102590513]Child-Pugh
	1.289
	1.104-1.505
	0.001
	
	[bookmark: _Hlk102591556]1.327
	1.040-1.693
	0.023

	Capsule (Complete)
	0.577
	0.307-1.082
	0.086
	
	
	
	

	HBV
	2.056
	0.634-6.670
	0.230
	
	
	
	


[bookmark: _Hlk102590940]Table S8 Characteristics of recipients with high USP22 expression
	Variable
	All (n=68)
	Non-SRL group
(n=36)
	SRL group 
(n=32)
	P value 

	Age
	
	
	
	0.222

	≥ 50 years old
	38 (55.9%)
	23 (63.9%)
	15 (46.9%)
	

	< 50 years old
	30 (44.1%)
	13 (36.1%)
	17 (53.1%)
	

	Gender
	
	
	
	/

	Males
	68 (100%)
	36 (100%)
	32 (100%)
	

	Females
	0 (0%)
	0 (0%)
	0 (0%)
	

	Pathological grade
	
	
	
	0.808

	High or Mod
	34 (50.0%)
	19 (52.8%)
	15 (46.9%)
	

	Low
	34 (50.0%)
	17 (47.2%)
	17 (53.1%)
	

	Tumor nodes
	
	
	
	0.744

	1
	11 (16.2%)
	5 (13.9%)
	6 (18.8%)
	

	≥ 2
	57 (83.8%)
	31 (86.1%)
	26 (81.3%)
	

	Vascular invasion
	
	
	
	0.807

	Yes
	38 (55.9%)
	21 (58.3%)
	17 (53.1%)
	

	No
	30 (44.1%)
	15 (41.7%)
	15 (46.9%)
	

	Largest tumor size
	
	
	
	0.241

	≥ 5cm
	61 (89.7%)
	34 (94.4%)
	27 (84.4%)
	

	< 5cm
	7 (10.3%)
	2 (5.6%)
	5 (15.6%)
	

	AFP 
	
	
	
	0.444

	≥ 400 ng/mL
	23 (33.8%)
	14 (38.9%)
	9 (28.1%)
	

	< 400 ng/mL
	45 (66.2%)
	22 (61.1%)
	23 (71.9%)
	

	TACE before LT
	
	
	
	

	Yes
	24 (35.29%)
	14 (43.75%)
	10 (27.78%)
	0.226

	No
	44 (64.71%)
	18 (56.25%)
	26 (72.22%)
	

	RFA before LT
	
	
	
	1.000

	Yes
	5 (7.4%)
	3 (8.3%)
	2 (6.3%)
	

	No
	63 (92.6%)
	33 (91.7%)
	30 (93.8%)
	

	MELD
	21.47±11.14
	18.06±9.34
	24.50±11.83
	0.031

	Child-Pugh
	8.78±2.23
	8.41±2.01
	9.11±2.38
	0.126

	Capsule
	
	
	
	0.808

	Complete
	36 (52.9%)
	20 (55.6%)
	16 (50.0%)
	

	Incomplete
	32 (47.1%)
	16 (44.4%)
	16 (50.0%)
	

	HBV
	
	
	
	0.725

	+
	59 (86.8%)
	32 (88.9%)
	27 (84.4%)
	

	-
	9 (13.2%)
	4 (11.1%)
	5 (15.6%)
	





Table S9 Univariate and multivariate Cox regression analysis of risk factors for OS in recipients with high USP22 expression
	Variable
	Univariate analysis
	
	Multivariate analysis

	
	Exp(B)
	95% CI
	P
	
	Exp (B)
	95% CI
	P

	Use of sirolimus
	0.389
	0.181-0.836
	0.016
	
	[bookmark: _Hlk102591388]0.268
	0.107-0.671
	0.005

	Age
	0.993
	0.954-1.033
	0.716
	
	
	
	

	Gender (female)
	/
	
	
	
	
	
	

	Pathological grade (low)
	3.197
	1.461-6.998
	0.004
	
	3.378
	1.237-9.225
	0.018

	Tumor nodes ≥ 2
	1.499
	0.523-4.297
	0.451
	
	
	
	

	Vascular invasion
	2.895
	1.286-6.517
	0.010
	
	
	
	0.101

	Largest tumor size≥ 5cm
	3.956
	0.539-29.058
	0.176
	
	
	
	

	AFP ≥ 400 ng/mL
	2.772
	1.351-5.689
	0.005
	
	
	
	0.186

	TACE before LT
	0.699
	0.331-1.477
	0.348
	
	
	
	

	RFA before LT
	0.341
	0.046-2.503
	0.290
	
	
	
	

	MELD
	1.045
	1.011-1.080
	0.009
	
	
	
	0.488

	Child-Pugh
	1.376
	1.124-1.686
	0.002
	
	1.496
	1.108-2.019
	0.009

	Capsule (Complete)
	0.496
	0.235-1.046
	0.066
	
	
	
	

	HBV
	2.740
	0.651-11.536
	0.169
	
	
	
	





[image: ]
Figure S1. Genotype results of Usp22 Conditional Knockout mouse.
[image: ]
Figure S2. Western blot results of mTORC1 signaling pathway in HCC cell lines. (a) Western blot results showing key protein expressions of the mTORC1 pathway in Hep-G2 cells with knockdown or overexpression of USP22. (b) Western blot results showing key protein expressions of the mTORC1 pathway in SNU-449 cells with knockdown or overexpression of USP22.
[image: ]
Figure S3. The effect of FKBP12 on the OS of LT recipients with HCC beyond Milan criteria was evaluated by the Kaplan-Meier method (n = 115, P = 0.014).
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