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Fig. S1. (A) Principal component analysis plot illustrating the sample distribution of



blank control (B, red) and berberine-treated (BER, green) group. (B) Heatmap of all
downregulated proteins. (C) Top 10 significant enriched KEGG pathways and (D) top
8 enriched Reactome pathways. (E) Protein-protein interaction network of altered
proteins assessed with the STRING database. Proteins labeled in red and blue color

were enriched in the mitochondria and metabolism pathways.
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Fig. S2. (A) Overrepresented pathways from REACTOME pathway analysis of the
altered proteins. Expression of mitochondrial dysfunction-mediated protein, including
(B) ATP50, (C) ATP5D, (D) NDUFABI, (E) COX5B. ATP50, ATP synthase
subunit O; ATP5D, ATP synthase subunit delta; NDUFAB1, NADH dehydrogenase

(ubiquinone) 1 beta subcomplex; COX5B, Cytochrome ¢ oxidase subunit 5B.
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Fig. S3. (A, B) Box plots of AKAP12 expression (p < 0.001) and AFP expression (p <

0.001) in normal and tumor samples from GSE112790 dataset. (C) Correlation

analysis between expression levels of AKAP12 and AFP (p = 0.005, r=-0.2). (D)

Spearman correlation analysis of the expression of AKAP12 and its methylation

levels using LinkedOmics. (E) Dot plot of the enriched GO terms using the

upregulated genes obtained from TCGA LIHC dataset.
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002952 1 T TADPAIAASD PATKLLQKNG QLSTINGVAE QDELSLOEGD LNGOKGALNG QGALNSQEEE EVIVTEVGQR DSEDVSKRDS
Q02052 121 DKEMATKSAV VHDITDDGQE ETPEITEQIP SSESNLEELT Q) 1 KKDKT EKPDTVOLLT
Q02952 241 ETLXREQSHA ET: AESPTSPVTS ETGSTFKKFF T EPEKVDTEED GKAEVASEKL TASEQAHPQE
Q02952 361 ] G LA TEVFDEKIEV HOEEVVAEVH VSTVEERTEE OKTEVEETAG SVPAEELVEM DAEPQEAEPA KELVKLKETC VSGEDETQGA
002952 481DLSPDEKVLS KPPEGVVSEV EMLSSQERMK VQGSPLKKLF TSTGLKKLSG KKQOKGKRGGG EEPEETTCLE KGLAEVQQDG EAEEGATSDG
002952 601 EKKREGVTPW ASFKKMVTEK KRVRRPSESD KEDELDKVKS ATLSSTESTA SEMQEEMKGS VEEPKPEEPK RKVDTSVSWE ALICVGSSKK DE D
Q02952 721 1A T SFKRLVTERK KSKSKLEEKS EDSIAGSGVE HSTPDTEPGK EESHVSIKKF IPGRRKKRED GKQEQAPVED AGPTGANEDD
Q02952 841 EV SKELSESQVH RARTIIEERS PSWISASVTE PLEQVEAERA LLTEEVLERE VIAEEEPPTV TEPLEENREA
002952 961RCDTVVSEAE LTPEAVTAAE TAGPLGAEEG TEASAAEETT EMVSAVSQLT DSEDTTEEAT PVQEVEGGVE DIEEQERRTQ EVLOAVAEKV KEESQLPGTG GPEDVLQPVD RAEAERPEEQ
Q02952 1081 DVy E AKTEPETQGK VVOQ EXAPQVTESI ESSELVTTCQ AETLAGVKSQ EMVMEQAIPP DSVETPTDSE TDGSTEVADF DAPGTTQKDE IVEIMEENEV
£02052 1201 PPAPSSFVEQ SVETVSILSK FEGLEGSIDT GITVSREKVT EVALKCEGTE EAECKKDDAL
QU2052 132121 THUNEEKLEK SKQLLQTVNV PIIDGAKEVS SLEGSFPECL T FT L LGETANTLET
Q02952 1441 GETLEPAGAH LVLEEKSSEK NEDFAANPGE DAVPTGPDCQ AKSTPVIVSA TTRKGLSSDL EGEKTTSLKW KSDEVDEQVA CQEVKVSVAI EDLEPENGIL ELETKSSKLV QNIIQTAVDQ
002952 1561 FVRTEETATE MLTSELQTQA HVIKADSQDA PQASAQDETP IT TMTVEVEGST VNDQQLEEVV LPSEEEGGGA GTKSVPEDDG
Q02952 1681 HALLAFRIEK SLVEPKEDEK GDDVDDPENQ NSALADTDAS GGLTKESPDT NGPKQKEKED AQEVELQEGK VHSESDKATT PQAQEELQKQ ERESAKSELT ES

Fig. S4. The protein-sequence coverage of AKAP12 observed using Proteome

Discoverer software (version 2.3.0).
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Images in support of the representative western blots data shown in Figure 6. (A, B)
Western blot analysis of AKAP12 and Cyclin D1 expression. (C) Co-

immunoprecipitation of AKAP12 and Cyclin D1 was visualized using immunoblots.



Table S1. The hub target proteins of berberine (ranked according to Clustering

Coefficient).

A T
SHCI1 1 2.506 0.006 0.399 0.189 61
SMAD4 3 2.507 0.005 0.399 0.170 48
PTK2 1 2.521 0.006 0.397 0.156 47
RAF1 1 2452 0.005 0.408 0.146 47
HDACI 3 2.480 0.008 0.403 0.120 59
LCK 1 2485 0.005 0.402 0.120 54
BRCAI 3 2362 0.009 0.423 0.119 68
BCL2 5 2.523 0.006 0.396 0.119 39
PIK3R1 1 2.426 0.013 0.412 0.117 72
SMAD2 3 2.360 0.010 0.424 0.116 62
STAT3 3 2382 0.010 0.420 0.115 64
JUN 3 2452 0.008 0.408 0.114 73
XRCC6 3 2.520 0.007 0.397 0.114 33
KATS 3 2474 0.005 0.404 0.113 36
RELA 3 2.492 0.007 0.401 0.112 68
RXRA 3 2.496 0.007 0.401 0.112 56
SMAD3 3 2.288 0.016 0.437 0.109 79
GRB2 1 2471 0.011 0.405 0.107 83
CAVI 1 2458 0.012 0.407 0.105 45
PRKCD | 2462 0.007 0.406 0.102 58
CCND1 3 2.527 0.011 0.396 0.101 40




Table S2. Apoptosis and cell cycle-related enrichment pathways.

term ID term description observed background fqlse matching proteins in your network (labels)
gene count gene count discovery rate
ABL1,AKTI,AR,BCL2,BRCA1,CASP3,CAV1,CDK1,CDK5,CREBBP,CSNK2A1,CTNNB1,EGFR,ESR
G0:0042981  regulation of apoptotic process 32 1501 6.63E-23  1,FYN,GSK3B,HDAC1,JUN,LCK,PIK3R1,PRKCA,PRKCD,PTK2,RAF1,RELA,SHC1,SMAD3,SRC,ST
AT3,TP53,YWHAG,YWHAZ
. . . . ABL1,AKT1,AR,BCL2,BRCA1,CASP3,CAV1,CDK1,CSNK2A1,CTNNB1,EGFR,FYN,GSK3B,HDACI
GO:0043066  negative regulation of apoptotic process 27 859 L1922 1N PIK3R1,PRKCA,PRKCD,PTK2,RAF 1, RELA,SHC1,SMAD3,SRC,STAT3,TP53,Y WHAZ
) . N AKTI1,AR,BCL2,BRCA1,CAV1,CSNK2A1,CTNNB1,FYN,GSK3B,LCK,PRKCD,RAF1,RELA,SMAD3
GO0:2001233 regulation of apoptotic signaling pathway 18 388 2.53E-17 SRC.TP53,YWHAG,YWHAZ
‘ . ABLI1,AKT1,BCL2,BRCA1,CASP3,CAV1,CDK1,CDK5,CSNK2A1,EP300,GSK3B,JUN,MAPK |, MAP
GO:0006915  apoptotic process 22 o135 7-26E-16 13 NR3C1,PIK3R1 PRKCA,PRKCD,RAFI,RB1,SMAD3,TP53
GO:0097190  apoptotic signaling pathway 14 295 1.49E-13  ABLI1,BCL2,BRCA1,CASP3,CAV1,EP300,GSK3B,JUN,PIK3R | ,PRKCA,PRKCD,RAF1,SMAD3,TP53
GO0043065  positive regulation of apoptotic process 6 504 679512 ABLLAKTI,BCL2,CASP3,CAV1,CDKS,CTNNBI,GSK3B,JUN,LCK,PRKCD,SMAD3 SRC,TPS3,YW
HAG,YWHAZ
G0:2001234 g:tg;vt;;’; regulation of apoptotic signaling 10 218 1.29E-09 AKTI,AR,BCL2,BRCA1,CSNK2A1,CTNNBI,FYN,RAFI,RELA,SRC
G0:2001236 ;Z%I‘:‘lj;‘y"n of extrinsic apoptotic signaling 9 158 1.87E-09 AKTI,AR,BCL2,BRCA1,CAVI,FYN,RAF1,RELA,SRC
GO:2001237 ~ Megative regulation of extrinsic apoptotic 8 104 2.17E-09 AKTI1,AR,BCL2,BRCA1,FYN,RAF1,RELA,SRC
signaling pathway
G0:0045930  negative regulation of mitotic cell cycle 11 243 1.79E-10  ABLI1,BCL2,BRCA1,CCNDI1,CDK1,CTNNB1,EGFR,EP300,RB1,SMAD3,TP53
G0:1901990 ifagg‘slifg‘;n of mitotic cell cycle phase 12 351 423E-10  AKTI1,BCL2,BRCAI,CCNDI1,CDK1,EGFR,EP300,HSP90AA1,PRKACA,RB1,TP53,YWHAG
‘ . AKTI,BCL2,BRCA1,CCND1,CDK1,CDK5,CSNK2A 1,CTNNB1,EGFR,EP300,HSP90AA 1,PRKACA,R
GO:0010564 regulation of cell cycle process 15 684 4.55E-10 BI1.TP53.YWHAG
GO:0045787  positive regulation of cell cycle 12 376 8.59E-10 ABLI,AKT1,BRCA1,CCND1,CDK1,EGFR,EP300,PRKACA,PRKCA,RBI,SRC,TP53
GO:0045786 negative regulation of cell cycle 13 517 2.04E-09 ABL1,BCL2,BRCAI1,CASP3,CCND1,CDK1,CDK5,CTNNBI,EGFR,EP300,RB1,SMAD3,TP53
GO:2000045 2‘3;‘32;’: of G1/S transition of mitotic 8 148 2.68E-08 AKTI,BCL2,CCNDI,CDK1,EGFR,EP300,RB1,TP53
GO:0071156 regulation of cell cycle arrest 7 111 9.42E-08 BRCAI1,CCNDI1,CDK1,CDKS5,EP300,PRKACA,TP53
G0:0022402 cell cycle process 3 290 S 16E.07 ﬁilél,BRCAI,CCNDI,CDKI,CTNNB1,EP300,HSP9OAA1,PRKACA,PRKCA,RB1,SMAD3,TP53,YW
GO:190199]  Megative regulation of mitotic cell cycle 7 160 8.70E-07 BCL2,BRCA1,CCNDI1,CDK1,EP300,RB1,TP53
phase transition
GO:2000134  negative regulation of G1/S transition of 6 97 1.03E-06 BCL2,CCND1,CDK1,EP300,RB1,TP53
mitotic cell cycle
G0:0000278  mitotic cell cycle 11 628 1.49E-06 ABLI,BRCA1,CCNDI1,CDK1,EP300,HSP90AA1,PRKACA,PRKCA,RB1,TP53,YWHAG
hsa04210 Apoptosis 10 135 4.83E-12  AKT1,BCL2,CASP3,JUN,MAPK1,MAPK3,PIK3R1,RAF1,RELA,TP53
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Table S3. Dysregulated proteins in berberine-treated group compared to control (ranked according to fold change).

No. Unique peptides Sequence coverage [%] MS/MS count Log Student's T-test p-value Student's T-test Difference Gene names

1 16 45.2 114 4.9 -4.7 AFP

2 9 32.6 30 5.8 -2.8 FGG

3 8 70.1 55 4.4 -2.6 SLIRP

4 6 6.5 28 3.9 -2.5 FNI1

5 8 8.5 26 4.2 -2.3 A2M

6 24 44 199 6.6 -2.3 TF

7 3 31.8 37 3.6 -2.1 LYZ

8 8 26.7 52 2.9 -1.9 PEGI0

9 6 25.7 60 3.5 -1.9 ACADM
10 4 15.2 96 3.8 -1.8 SLC39A14
11 6 15.1 16 33 -1.8 P4HAI

12 3 14.5 16 2.4 -1.8 HSDL2

13 4 24.7 25 1.8 -1.7 MT-CO2
14 2 15 25 3.1 -1.7 METTL7A
15 2 21 12 4.2 -1.7 GLRXS

16 5 23.7 34 1.6 -1.7 NDUFABI
17 12 13.9 19 3.6 -1.7 SEC31A
18 4 10.1 90 1.8 -1.7 SLCI6A3
19 3 12.9 9 2.5 -1.5 SDHB

20 4 8.2 10 1.4 -1.5 RPS6KA3
21 2 19.1 18 2.0 -1.5 PPT1

22 4 57 12 2.2 -1.5 COX6B1
23 3 53.1 47 2.7 -1.5 CYBSA
24 3 13.9 62 23 -1.5 AHSA1

25 2 9.3 17 23 -1.4 COX5B
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