Supplemental Results

miR-26a-1 inhibits the growth of liver cancer stem cells 
   In order to further study the effect of miR-26a-1 on human liver cancer stem cell lines (hLCSCs) in vivo and in vitro, we used the pLVX-tet on-Hydro, pLVX-ZsGreen-Tight or pLVX-tet on—Tight-EF1a- ZsGreen(Figure S2A) and  prepares the lentivirus rLV-tet on-miR-26a-1. Then, hLCSCswas infected with rLV-tet on-miR26a-1, and positive cells were picked several times under a fluorescence microscope and expanded. These cells expressed green fluorescent protein Green under different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) treatment (Figure S2B). In DOX (0µg/ml) group, DOX (0.5µg/ml) group, DOX (1µg/ml) group, DOX (1.5µg/ml) group, and DOX (2µg/ml) group, the precursor and mature miR-26a-1 was significantly increased with the increase of DOX concentration, however, the precursor of miR-26a-1 did not change significantly (Figure S2C-F). Cell growth ability was significantly decreased with the increase of DOX concentration (24 hours: P=0.0053, 0.01258, 0.001874, 0.01025<0.01or<0.05; 48 hours: P= 0.0089,0.0225,0.00195,0.02656 <0.01 or<0.05; 48 hours) (Figure S2G). The BrdU positive rate was significantly decreased with the increase of DOX concentration (48.85±3.39% vs 36.89±1.503%, P=0.004216<0.01; 36.89±1.503% vs 29.89±2.65%, P =0.005316<0.01; 29.89±2.65% vs 21.41±2.4%, P=0.04623<0.05; 21.41±2.4% vs 12.45±0.95%, P=0.008811<0.01) (Figure S2H). The rate of cell colony formation was significantly decreased with the increase of DOX concentration (79.78±5.72% vs 59.78±3.58%, P=0.01969<0.05; 59.78±3.58% vs 42.15±3.19%, P=0.02286<0.05; 42.15±3.19% vs 32.3±2.4%, P=0.0035771<0.01; 32.3±2.4% vs20.81±1.002%, P=0.004659<0.01) (Figure S2I). The formation rate of sphere was significantly decreased with the increase of DOX concentration (85.04±10.04% vs 70.44±4.35%, P=0.034499<0.05; 70.44±4.35% vs 57.48±1.58%, P=0.026629<0.05; 57.48± 1.58% vs 46.04±3.103%, P=0.0.01265<0.05; 46.04±3.103% vs 31.96±1.008%, P=0.011409<0.05) (Figure S2J). The average weight of transplanted tumors was  significantly decreased with the increase of DOX concentration (1.45±0.15 g vs 0.765±0.0665 g, P=0.000175<0.01; 0.765±0.0665 g vs 0.4883±0.0488 g, P= 0.0000246<0.01; 0.4883±0.0488g vs 0.238±0.054g, P=0.000148<0.01; 0.238±0.054g vs 0.1183±0.01169g, P=0.00193<0.01) (Figure S2K&L). The average appearance time of transplanted tumors was significantly increased with the increase of DOX concentration (5.83±0.75 days vs 10.16±1.17 days, P=0.000075<0.01; 10.16±1.17 days vs 12.33±0.82 days, P =0.00044<0.01; 12.33±0.82 days vs 14.67±1.03 days, P=0.00046<0.01; 14.67±1.03 days vs 17.5±0.55 days, P=0.0017<0.01 (Figure 2SM). The amount of well-differentiated cells in tumor tissues was significantly increased with the increase of DOX concentration (Figure S2N). The positive rate of PCNA of transplanted tumors was decreased with increasing DOX concentration (55.73±7.26% vs 34.91±2.16%, P=0.00097<0.01; 34.91±2.16% vs 29.84±3.16%, P=0.00165<0.01; 29.84±3.16% vs 23.85±2.88% , P=0.01099<0.05; 23.85±2.88% vs 14.41±1.98%, P=0.000284<0.01) (FigureS2O). Collectively, these results suggest that miR-26a-1 inhibits the growth of human liver cancer stem cells in vivo and in vitro.

miR-26a-1 targets NAD+-dependent deacetylase Sirt1 and enhances the acetylation modification of histone H4 lysine 16
 In human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on-miR-26a-1 and treated with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) , all express the green fluorescent protein Green (Figure S3A). In the DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, and DOX (2µg/ml) treatment group, mature miR-26a-1 was  increased significantly with the increase of DOX concentration, but the precursor of miR-26a-1 did not change significantly (Figure S3B-E). The binding ability of miR-155, AgoII and Sirt1 3'-UTR was significantly increased with the increase of DOX concentration (Figure S3F). pEZX-MT- Sirt1 3'-UTR-Luc luciferase reporter gene activity was significantly decreased with the increase of DOX concentration (661788.4133±54681.48165 vs 365929.57±27608.36114, P= 0.007547386<0.01; 365929.57±27608.36114 vs 177755.0367±11105.58992, P= 0.004553211<0.01; 177755.0367±11105.58992 vs 110398.2233±1742.664753, P= 0.003196207<0.01; 110398.2233±1742.664753 vs 55457.56333±11223.53868, P= 0.008192869<0.01) (Figure S3G). The activity of the pEZX-MT-Sirt1 3'UTR(mutant)-Luc dual luciferase reporter gene did not significantly changed  with increasing DOX concentration (Figure S3H). Although the transcription level of Sirt1 did not change significantly (Figure S3I),the translation level of Sirt1 was significantly decreased significantly with the increase of DOX concentration (Figure S3Ja&b). The aHK16Ac was significantly increased with the increase of DOX concentration (Figure S3Ka&b). The H4K16Ac was significantly increased in the rLV-tet on–miR-26a-1 (DOX 2μg/ml) group compared with rLV-tet on–miR-26a-1 (DOX 0μg/ml), However, it ws not significantly altered in rLV-tet on–miR-26a-1 (DOX 2μg/ml) + rLV-Sirt1 group compared with rLV-tet on–miR-26a-1 (DOX 0μg/ml) ( Figure S3La7b). Collectively, these results further suggested that miR-26a-1 increased the acetylation modification of the 16th lysine of histone H4 in liver cancer cells by inhibiting Sirt1.
miR-26a-1 enhances the expression of protein arginine methyltransferase PRMT6
 In stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on –miR-26a-1 with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) [DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, DOX (2µg/ml) treatment group]. The binding ability of H4K16Ac to the PRMT6 promoter region was significantly increased with the increase of DOX concentration (Figure S4A). The binding ability of H4K16Ac and PRMT6 promoter probe was significantly increased with the increase of DOX concentration (Figure S4B). The ability of RNA PolII and P300 complex to enter the PRMT6 promoter-enhancer loop was significantly increased with the increase of DOX concentration (Figure S4C).Compared with the DOX (0µg/ml) treatment group, the ability of the RNA PolII and P300 complex to enter the PRMT6 promoter-enhancer ring in the DOX (2µg/ml) + rLV-Sirt1 treatment group was not significantly changed (Figure S4D). The activity of pEZX-MT-PRMT6 promoter -Luc luciferase reporter gene was significantly increased with the increase of DOX concentration (56296.88±41770.89 vs 252367.22±16763.47, P=0.0125<0.05; 252367.22±16763.47 vs 780818.67±99124.61, P=0.0078< 0.01; 780818.67±99124.61 vs 2645625.82±710320.46, P=0.02766<0.05; 2645625.82±710320.46 vs 5527877.03±991363.52, P=0.0030098<0.01;) (Figure S4E). However, the activity of the luciferase reporter gene was not significantly changed in the DOX (2μg/ml) + rLV-Sirt1 group compared with the DOX (0µg/ml) treatment group (160789.64±46892.59 vs 195500.56±90071.56, P=0.34471>0.05) (Figure S4F). The expression level of PRMT6 was significantly increased with the increase of DOX concentration (Figure S4G&H). However, the expression level of PRMT6 was not significantly altered in the rLV-tet on–miR-26a-1/DOX (2µg/ml) + rLV-Sirt1 treatment group d compared with the DOX (0µg/ml) treatment group, (Figure S4I&J) . Collectively, these results suggest that miR-26a-1 enhance the expression of PRMT6 dependent on H4K16Ac.

miR-26a-1 promotes the methylation modification of POLB (R137) and histone arginine through PRMT6
  In stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on –miR-26a-1 with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) [DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, DOX (2µg/ml) treatment group]. The expression of POLB was not significantly changed (Figure S5A). The binding capacity of PRMT6 to POLB was significantly decreased with the increase of DOX concentration (Figure S5B). The level of methylation modification of POLB(R137) was significantly increased with the increase of DOX concentration (Figure S5C). Moreover, the level of methylation modification of POLB (R137) was significantly increased in the rLV-tet on –miR-26a-1/DOX (2µg/ml) group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group. However, it was not significantly Changed in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+pGFP-V-RS-PRMT6 treatment group (Figure S5D). The interaction of histones (H2A, H3, H4) withPRMT6  was significantly increased with increasing DOX concentration (Figure S5E). The modification level of H3R2me2 H2AR3me H4R3me was significantly increased with the increase of DOX concentration (Figure S5F). However, the modification level of H3R2me2 H2AR3me H4R3me was not significantly changed in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+pGFP-V-RS-PRMT6 group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group (Figure S5G). Collectively, miR26a-1 enhances the methylation modification of POLB (R137) and histone H arginine dependent on PRMT6 in human liver cancer stem cells.

miR-26a-1 enhances the methylation modification of histone H3 lysine 4 via targeting KDM5A  
   In stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on-miR-26a-1 with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) . the binding ability of mature miR-26a-1, AgoII to KDM5A 3'-non-coding region (3'-UTR) was significantly increased with the increase of DOX concentration (Figure S6A). The activity of pEZX-MT-KDM5A 3'UTR-Luc reporter gene was significantly decreased with the increase of DOX concentration (93588.81±8775.22 vs 78472.19±2272.05, P=0.0465021<0.05; 78472.19±2272.05 vs 37205.15±5452.25, P =0.0045155<0.01; 37205.15±5452.25 vs 14963.55±7221.13, P= 0.0074575<0.01; 14963.55±7221.13 vs 5415.53±707.61, P=0.0026816 <0.01) (Figure S6B). The activity of pEZX-MT-KDM5A 3'UTR(mutant)-Luc luciferase reporter gene was not significantly changed with increasing DOX concentration (60566.15±5585.15 vs 60529.85±4432.74, P= 0.4978>0.05; 60529.85±4432.74 vs 55115.22 ±5469.57, P=0.2045>0.05; 55115.22±5469.57 vs 65195.19±7432.24, P=0.0797>0.05; 65195.19±7432.24 vs 59004.59±8804.92, P= 0.2851>0.05) (Figure S6C). Although the transcriptional level of JMJD5A The level was significantly changed in DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, DOX (2µg/ml) treatment group (Figure S6D), The translational level of KDM5A was significantly decreased with the increase of DOX concentration (Figure S6E). The H3K4me3 was significantly increased with the increase of DOX concentration (Figure S6F). However, it was not significant changed in the rLV-tet on-miR-26a-1 (DOX 2µg/ml) + rLV-KDM5A group  compared to rLV group(Figure S6F).Collectively, these results suggest that miR-26a-1 increases H3K4me3 by inhibiting KDM5A.

miR-26a-1 enhances the expression of histone methyltransferase SETD2 and the trimethylation modification on the 36th lysine of Histone H3 dependent on H3K4me3

   In stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on –miR-26a-1 with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) [DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, DOX (2µg/ml) treatment group], the binding capacity of H3K4me3 to the SETD2 promoter region was significantly increased with the increase of DOX concentration (Figure S7A). The binding capacity of RNApolII to the promoter region of SETD2 was significantly increased with the increase of DOX concentration (Figure S7B). The binding capacity of H3K4me3 to the SETD2 promoter probe was significantly increased with the increase of DOX concentration (Figure S7C). The binding ability of RNAPolII and the SETD2 promoter probe was significantly increased with the increase of DOX concentration (Figure S7D). The ability of RNA PolII and P300 complexes to enter the SETD2 promoter-enhancer loop was significantly increased with the increase of DOX concentration ( Figure S7E). However, it was not significantly altered in the DOX (2µg/ml) + rLV-KDM5A group compared with the DOX (0µg/ml) group (Figure S7F) . The activity of the pEZX-MT-SETD2 promoter -Luc luciferase reporter gene was significantly increased with the increase of DOX concentration (29358.74±5024.01 vs 88469.78±9914.09, P=0.00295<0.01; 88469.78±9914.09 vs 295595.41±30677.62, P=0.00287< 0.01; 295595.41±30677.62 vs 954054.82±49141.47, P=0.00151<0.01; 954054.82±49141.47 vs 2558541.08±187456.9, P=0.00306<0.01) (Figure S7G). However, it was not significantly altered in the DOX (2µg/ml) + rLV-KDM5A group compared with the DOX (0µg/ml) group (68624.19±15143.33 vs 95402.45±17422.21, P=0.0948>0.05) (Figure S7H). The expression level of SETD2 was significantly increased with the increase of DOX concentration (Figure S7I&J). However, it was not significantly altered in the DOX (2µg/ml) + rLV-KDM5A group compared with the DOX (0µg/ml) group (Figure S7K&L).The interaction between histone H3 and SETD2 increased significantly with increasing DOX concentration (Figure S7M). The H3K36me3 was significantly increased with the increase of DOX concentration (Figure S7N). However, c it was not significantly altered in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+pGFP-V-RS-SETD2 group compared with the DOX (0µg/ml) group (Figure S7O). Collectively, these results suggest that miR-26a-1 enhances the expression of histone methyltransferase SETD2 and the trimethylation modification on the 36th lysine of Histone H3 dependent on H3K4me3.
miR-26a-1 promotes the formation of DNA damage repair complex dependent on the H3K36me3
   The stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on –miR-26a-1 were treated i with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) [DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, DOX (2µg/ml) treatment group].The interaction of histone H3K36me3 with Rad51, PARP1, ATR, ATM, hMSH6, XRCC5, POLB, SKP2 were significantly increased with the increase of DOX concentration (Figure S8A). The binding ability of H3K36me3, Rad51, PARP1, ATR, ATM, hMSH6, XRCC5, POLB, SKP2 to mismatched DNA damage probes were significantly increased with the increase of DOX concentration (Figure S8B). However, the HK36me3 was significantly reduced in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+rLV-KDM4A group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group (Figure S8C), and the binding ability of H3K36me3, Rad51, PARP1, ATR, ATM, hMSH6, XRCC5, POLB, SKP2 tomismatched DNA damage probes were  not significantly changed in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+rLV-KDM4A group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group (Figure S8D). Moreover,the binding ability of the methylated POLB with the mismatched sequence were significantly increased with increasing DOX concentration (Figure S8E).The binding ability of H3K36 me3, Rad51, PARP1, ATR, ATM, hMSH6, XRCC5, POLB, SKP2 to mismatched DNA sequences were significantly increased with the increase of DOX concentration (Figure S8F). Collectively, these results suggest that miR-26a-1 can promote the binding ability of Rad51, PARP1, ATR, ATM, hMSH6, XRCC5, POLB, SKP2 to mismatched DNA sequences and enhances the formation of DNA damage repair complexes.


miR-26a-1 promotes the formation of DNA damage repair complexes dependent on long non-coding RNA HULC
  In the stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on –miR-26a-1 with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) [DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, DOX (2µg/ml) treatment group], the binding ability of H3K36me3, PARP1, Rad51 to HULC were significantly decreased with the increase of DOX concentration (FigureS9A). The binding of H3K36me3, Rad51, PARP1, ATR , ATM, hMSH6, XRCC5, POLB, SKP2 tomismatched DNA damage probes were significantly increased in the the rLV-tet on –miR-26a-1/DOX (2µg/ml) group compared with the rLV-tet on–miR-26a-1/DOX (0µg/ml) t group,. However, it was notsignificantly altered in rLV-tet on –miR-26a-1/DOX (2µg/ml)+rLV-HULC group compared with rLV-tet on -miR-26a-1/DOX (0µg/ml) group (Figure S9B). The binding capacity of Rad51, PARP1, ATR, ATM, hMSH6 , XRCC5, POLB, and SKP2 to mismatched DNA sequences were significantly increased in the rLV-tet on –miR-26a-1/DOX (2µg/ml) compared with the rLV-tet on–miR-26a-1/DOX (0µg/ml) group,however, it was not significantly altered in rLV-tet on -miR-26a- 1/DOX (2µg/ml)+rLV-HULC group compared with the rLV-tet on -miR-26a-1/DOX (0µg/ml) group (Figure S9C). Collectively,The results suggest that miR26a-1 promotes the binding ability of H3K36me3, Rad51, PARP1, ATR, ATM, hMSH6, XRCC5, POLB, SKP2 tomismatched DNA sequence dependent on HULC..

miR-26a-1 promotes the DNA damage repair by inhibiting Sirt1 and KDM5A
   In stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on –miR-26a-1 with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml), the level of DNA damage marker rH2AX (S139) was significantly decreased with the increase of DOX concentration (Figure S10A). The rH2AX (S139) was significantly reduced in the rLV-tet on –miR-26a-1/DOX (2µg/ml) group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group,. However, it was not significantly altered in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+rLV-KDM5A group compared with the rLV-tet on–miR-26a-1/DOX (0µg/ml) group (Figure S10B). The level of DNA damage marker rH2AX (S139) was significantly decreased with the increase of DOX concentration (Figure S10C). The rH2AX (S139) was significantly decreased in the rLV-tet on –miR-26a-1/DOX (2µg/ml) group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) treatment group, however, it was not significantly altered in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+rLV-Sirt1 treatment group compared to the rLV-tet on –miR-26a-1/DOX (0µg/ml) (Figure S10D). The rH2AX (S139) was significantly decreased with increasing DOX concentration (Figure S10E). The rH2AX (S139) D was significantly decreased in the rLV-tet on –miR-26a-1/DOX (2µg/ml) group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) treatment group, however, it was not significantly altered in the rLV-tet on –miR-26a-1/DOX (2µg/ml)+rLV-Sirt1 treatment group compared to rLV-tet on –miR-26a-1/DOX (2µg/ml) group (Figure S10F).The DNA damage repair was significantly increased with the increase of DOX concentration (Figure S10G-H). DNA microsatellite instability was significantly decreased with increasing DOX concentration (Figure S10I). The DNA microsatellite instability and DNA damage were significantly reduced in the rLV-tet on –miR-26a-1 DOX (2µg/ml) group compared with the rLV-tet on –miR-26a-1 DOX (0µg/ml) group. However, it was not significantly altered  in the rLV-tet on –miR-26a-1 DOX (2µg/ml) + rLV-KDM5A, rLV-tet on –miR -26a-1 DOX (2µg/ml) + rLV-Sirt1  compared with rLV-tet on –miR-26a-1 DOX (0µg/ml) group (Figure S10J). The rH2AX (S139 was significantly decreased with the increase of DOX concentration (54.15±3.67% vs 31.93±2.04%, p=0.0093<0.01; 31.93±2.04% vs 24.12±2.35%, p=0.0269< 0.05; 24.12±2.35% vs 17.08±1.58%, p=0.00235<0.01; 17.08±1.58% vs 8.62±1.09%, p=0.00139<0.01) (Figure S10K).The rH2AX (S139) was significantly reduced in the rLV-tet on –miR-26a-1/DOX (2µg/ml) treatment group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) treatment group,  (59.34±6.08% vs 13.08±2.78%, p=0.00336<0.01). However, it was not significantly altered in the rLV-tet on –miR-26a-1/DOX (2µg/ml) + rLV-KDM5A group and rLV-tet on –miR -26a-1 DOX (2µg/ml) + rLV-Sirt1 group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) treatment group, (59.34±6.08% vs 50.38±6.91%, p=0.0946>0.05 ; 59.34±6.08% vs 61.89±7.58 %, p=0.22622>0.05) (Figure S10L). The DNA damage was significantly decreased with the increase of DOX concentration (2.89±0.225 vs 1.903±0.061, P=0.00602<0.01; 1.903±0.061 vs 1.23±0.092, P=0.00238<0.01; 1.23±0.092 vs 0.69±0.025, P =0.00248<0.01; 0.69±0.025 vs 0.26±0.056, P=0.00587<0.01) (Figure S10Ma). The level of DNA damage was significantly decreased with the increase of DOX concentration (1.94±0.085 vs 0.997±0.107, P=0.00665<0.01; 0.997±0.107 vs 0.597±0.061, P=0.0022<0.01; 0.597±0.061 vs 0.363±0.038, P =0.023<0.05; 0.363±0.038 vs 0.133±0.021, P=0.00126<0.01) (Figure S10Mb). The level of DNA damage was significantly reduced  the rLV-tet on–miR-26a-1/DOX (2μg/ml) treatment group compared with the rLV-tet on–miR-26a-1/DOX (0μg/ml) group, (2.96±0.35 vs 0.59±0.047, P=0.0046<0.01). However, it was not significantly altered in rLV-tet on –miR-26a-1/DOX (2µg/ml) + rLV-KDMA group and rLV-tet on –miR -26a-1 DOX (2µg/ml) + rLV-Sirt1 group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group (2.96±0.35 vs 2.54±0.294, P=0.07711>0.05; 2.96±0.35 vs 2.63±0.514, P=0.287>0.05) (Figure S10Na). The level of DNA damage was significantly reduced in the rLV-tet on–miR-26a-1/DOX (2µg/ml) (1.803±0.159 vs 0.3133±0.075, P=0.0019<0.01) compared with the rLV-tet on–miR-26a-1/DOX (0µg/ml) group. However, it was not significantly altered in rLV-tet on –miR-26a-1/DOX (2µg/ml) + rLV-KDMA group and rLV-tet on –miR -26a-1 DOX (2µg/ml) + rLV-Sirt1 group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group (1.803±0.159 vs 1.72±0.204, P=0.3032>0.05; 1.803±0.159 vs 1.9±0.062, P=0.1134>0.05) (Figure S10Nb). Collectively, these results suggest that miR-26a-1 promotes the DNA damage repair by inhibiting Sirt1 and KDM5A.
     
miR-26a-1 triggers the renewal of histones after the repair of DNA damage in liver cancer stem cells
  In stable human liver cancer stem cell lines (hLCSCs) infected with rLV-tet on –miR-26a-1 with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml), the binding ability of histone variant H3FA (usually appearing at the site of DNA damage) to Skp2, CUL1, and F-box(Figure S11A) and the binding ability of DNA damage probes to H3F3A, Skp2, CUL1, and F-box (Figure S11B) were significantly increased with the increase of DOX concentration. The ubiquitination modification of histone variant H3FA (usually found at the site of DNA damage)was  significantly increased with increasing DOX concentration (Figure S11C-D). The ubiquitination of the histone variant H3FA was significantly  increased with increasing DOX concentration (Figure S11E-F). H3F3A ws significantly decreased with increasing DOX concentration (Figure S11G). The binding ability of H3F3A to the repaired DNA sequence was significantly decreased with the increase of DOX concentration, and the binding ability of Histone H3 to the repaired DNA sequence was significantly increased with the increase of DOX concentration (Figure S11H). H3F3A was significantly reduced in the rLV-tet on -miR-26a-1/DOX (2µg/ml) group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group. However, it was not significantly altered in the rLV-tet on –miR-26a-1/DOX (0µg/ml)+MG132 group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group (Figure S11I). The binding ability of H3F3A to the repaired DNA sequence was significantly reduced and the binding ability of Histone H3 to the repaired DNA sequence was significantly increased in the rLV-tet on -miR-26a-1/DOX (2µg/ml) group compared with the rLV-tet on –miR-26a-1/DOX (0µg/ml) group. However, it was not significantly altered in the rLV-tet on -miR-26a-1/DOX (0µg/ml)+MG132 groupcompared with the DOX (0μg/ml) treatment group and the DOX (0.5μg/ml) treatment group (Figure S11J). Collectively, these results suggest that miR-26a-1 increases the renewal ability of histones dependent  on protein ubiquitination degradation pathway after DNA damage repair.
miR-26a-1 inhibits the expression of cyclins and protein kinase dependent on DNA damage repair in liver cancer stem cells
  To further analyze the effect of miR-26a-1 on the expression of CDK2, CyclinE, CDK4, CyclinD1, CDK6, CDK8, CyclinM2, CDK15, RB, pRB, PCNA, P18, P21/WAF1/Cip1, MAP3K2, PGK1 in human liver cancer stem cells, Temozolomide was used to induce cell DNA damage. In DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, DOX (2µg/ml), the expression of CDK2, CyclinE, CDK4, CyclinD1, CDK6, CDK8, CyclinM2, CDK15, pRB, PCNA, MAP3K2, and PGK1 were significantly decreased with the increase of DOX concentration.On the contrary, RB, P18, The expression of P21/WAF1/Cip1 were significantly increased with the increase of DOX concentration (Figure S12A). In addition, CDK2, CyclinE, The expression of CDK4, CyclinD1, CDK6, CDK8, CyclinM2, CDK15, pRB, PCNA, MAP3K2, and PGK1 ws significantly decreased with the increase of DOX concentration. On the contrary, the expression of RB, P18, P21/WAF1/Cip1 were significantly increased with the increase of DOX concentration. However, it was not significantly  altered in the rLV-miR-26a-1+ Rucaparib group compared with the rLV-tet on -miR-26a-1/DOX (0µg/ml) treatment group (Figure S12B). Collectively, these results suggest that miR-26a-1 inhibits the expression of cyclins and protein kinase dependent on DNA damage repair in liver cancer stem cells.


Excessive Sirt1 and KDM5A abolish miR-26a-1's ability to inhibit the growth of liver cancer stem cells
  In order to further study the effect of miR-26a-1 in promoting the DNA damage repair dependent on Sirt1 and KDM5A and inhibiting the growth of liver cancer stem cells in vivo and in vitro, we conducted several experiments. miR-26a-1-5p/3p and precursors miR26a-1were significantly increased in rLV-tet on-miR-26a-1 (2μg/ml) group, rLV-tet on-miR-26a-1 (2μg/ml) + rLV- Sirt1 group, rLV-tet on-miR-26a-1 (2µg/ml) + rLV-KDM5A compared with the rLV-tet on-miR-26a-1 (0μg/ml) group (P<0.01) (Figure S13A-C). Sirt1 and KDM5A expression were significantly increased in rLV-tet on-miR-26a-1 (2μg/ml) group, rLV-tet on-miR-26a-1 (2μg/ml) + rLV-Sirt1 group, rLV-tet on-miR-26a-1 (2µg/ml) + rLV-KDM5A compared with the rLV-tet on-miR-26a-1 (0μg/ml) group. Sirt1 was significantly decreased in rLV-tet on-miR-26a-1 (2µg/ml) + rLV-KDM5A group and increased in rLV-tet on-miR-26a-1 (2μg/ml) + rLV- Sirt1 group compared with the rLV-tet on-miR-26a-1 (0μg/ml) group . KDM5A was significantly increased in rLV-tet on-miR-26a-1 (2µg/ml) + rLV-KDM5A group and decreased in rLV-tet on-miR-26a-1 (2μg/ml) + rLV- Sirt1 group compared with the rLV-tet on-miR-26a-1 (0μg/ml)group (Figure S13D) . The cell proliferation ability was significantly reduced in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) (24 hours: P=0.002267; 48 hours: P=0.003343<0.01). However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group, rLV-tet on-miR-26a-1 (2μg/ml) + rLV- KDM5A group compared to rLV-tet on-miR-26a-1 (0μg/ml) (P>0.05) (Figure S13E). The BrdU positive rate was significantly reduced in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) (63.41±7.37% vs 28.01 ±5.94%, P=0.000405<0.01). However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group (63.41±7.37% vs 57.23±13.29%, P=0.2092>0.05) and rLV-tet on+rLV-KDM5A group (63.41±7.37% vs 556.75±9.84%, P=0.1194>0.05) compared to rLV-tet on-miR-26a-1 (0μg/ml) group(Figure S13F). The colony formation rate in the rLV-tet on-miR-26a-1 (2µg/ml) group was significantly reduced in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) (85.78±3.61% vs 48.14 ±4.13%, P=0.0069<0.01). However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group (85.78±3.61% vs 81.81±8.59%, P=0.1674>0.05) and rLV-tet on- +rLV-KDM5A group (85.78±3.61% vs 81.81±8.59%, P=0.2434>0.05) compared to rLV-tet on-miR-26a-1 (0μg/ml) group (Figure S13G). The sphere formation rate was significantly reduced in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) (63.7±5.42%) vs 14.15±4.16%, P=0.0059<0.01). However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group (63.7±5.42% vs 52.49±11.52%, P=0.1704>0.05) and rLV- tet on-miR-26a-1 (2µg/ml) group + rLV-KDM5A group (63.7±5.42% vs 55.12±8.22%, P=0.1663>0.05) compared to rLV-tet on-miR-26a-1 (0μg/ml) group (Figure S13H) . The average weight of transplanted tumors as significantly reduced in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) group (0.6175 ±0.0826 vs 0.20875±0.03357g, P=0.00000273<0.01). However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group (0.6175±0.0826 vs 0.58625±0.06651 g, P=0.228>0.05) and rLV-tet on-miR-26a-1 (2µg/ml) group + rLV- KDM5A (0.6175±0.0826 vs 0.5725±0.081 grams, P=0.08215>0.05) compared to rLV-tet on-miR-26a-1 (0μg/ml) group (Figure S13I&J).The appearance time of xenograft tumor was significantly increased in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) group (7.57±1.302 days vs. 14.875±1.55 days, P=0.00001375<0.01) . However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group (7.57±1.302 days vs. 7.875±1.81 days, P=0.0852>0.05) and rLV-tet on-miR-26a-1 (2µg/ml) Group + rLV-KDM5A group (7.57±1.302 days vs 8.125±2.167 days, P=0.2552>0.05) compared to rLV-tet on-miR-26a-1 (0μg/ml) group (Figure S13K). The poorly differentiated tumor cells was significantly decreased in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) group. However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group and rLV-tet on-miR-26a-1 (2µg/ml) Group + rLV-KDM5A group  compared to rLV-tet on-miR-26a-1 (0μg/ml) group (Figure S13L). The positive rate of PCNA was significantly decreased in the rLV-tet on-miR-26a-1 (2µg/ml) group compared to rLV-tet on-miR-26a-1 (0μg/ml) group (68.59±6.75% vs 35.07± 4.49%, P=0.0000046<0.01). However, it was not significantly altered in rLV-tet on-miR -26a-1 (2μg/ml) + rLV- Sirt1 group (68.59±6.75% vs 62.24±7.03%, P=0.0676>0.05) and in the rLV-tet on-miR-26a-1 (2μg/ml) + rLV-KDM5A group (68.59±6.75 % vs 63.16±5.75%, P=0.0855>0.05) compared to rLV-tet on-miR-26a-1 (0μg/ml) group (Figure S13M&N). Collectively, these results suggest that Excessive Sirt1 and KDM5A abolish miR-26a-1's ability to inhibit the growth of liver cancer stem cells.


Supplemental Figure Legends

Figure S1 Isolation of human liver cancer stem cells. A. The schematic diagram of using CD133/CD44/CD24/EpCAM microBeads to isolate liver cancer stem cells from Huh7 cell line. B. Reverse transcription polymerase chain reaction was used to analyze the transcriptional ability of CD133, CD44, CD24, Epcam in human liver cancer stem cells (hLCSCs) and non-hLCSCs (non-hLCSCs). β-actin was used as an internal reference gene. C. Western blot analysis using anti-CD133, anti-CD44, anti-CD24, and anti-EpCAM with. β-actin as an internal reference gene. D. sphere formation assay. E. Xenograft tumor formation assays.
Figure S2 miR-26a-1 inhibits the growth of liver cancer stem cells. A. plasmid pLVX-tet on-Hydro, pLVX-ZsGreen-Tight or pLVX-tet on-Tight-EF1a-ZsGreen map. B. Stable cell lines expressed green fluorescent protein Green (100 times) under different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml). C. Northern blotting was used to detect miR-26a-1 in stable cell lines treated with different concentrations of DOX (0µg/ml, 0.5µg/ml, 1µg/ml, 1.5µg/ml, 2µg/ml) Precursor, precursor and mature form. U6 serves as an internal reference gene. D. Dot blot was used to detect to detect the level of miR-26a-1. U6 serves as an internal reference gene. E. Quantitative reverse transcription polymerase chain reaction (RT-PCR) was used to detect miR-26a-1-3p .U6 is used as internal reference gene. F. Quantitative reverse transcription polymerase chain reaction (RT-PCR) was used to detect to detect miR-26a-1-5p . U6 is used as internal reference gene. Each experiment was repeated three times. Each group value is expressed as mean±standard deviation (mean±SEM, n=3), **, P<0.01, *, P<0.05. G. CCK8 assay was used to measure the cell proliferation ability. H. BrdU staining was used to detect to determine the positive rate of S-phase cells. I. crystal violet staining method was used to detect to determine the plate colony forming ability. a. Photo of cell colony. b. colony formation rate. J. the sphere-forming ability. K.The liver cancer stem cells were respectively inoculated into the underarm skin of Balb/C nude mice with low immune function (6 in each group, 30 in total). Inoculation of hLCSCs in the DOX (0µg/ml) treatment group, DOX (0.5µg/ml) treatment group, DOX (1µg/ml) treatment group, DOX (1.5µg/ml) treatment group, and DOX (2µg/ml) treatment group. Photograph of xenograft which was dissected under the axillary skin of Balb/C nude mice for 1 month. L. Comparison of the size (grams) of transplanted tumors in nude mice. M. Comparison of the time (days) for the appearance of transplanted tumors in nude mice. N. The transplanted tumor tissue sections (4μm) of nude mice fixed in 4% formaldehyde and embedded in paraffin were stained with hematoxylin-eosin (HE) (original magnification×100). O. Comparison of the positive rate of PCNA of transplanted tumors in nude mice after the transplanted tumor tissue sections (4μm) of nude mice fixed with 4% formaldehyde and paraffin-embedded were subjected to anti-PCNA immunohistochemical staining. Each group value is expressed as the mean ± standard deviation (mean ± SEM, n=6), **, P<0.01, *, P<0.05 indicates a statistically significant difference, and statistically significant.


Figure S3 miR-26a-1 targets NAD+-dependent deacetylase Sirt1 and enhances the acetylation modification of histone H4 lysine 16.
A. Sable cell lines expressed green fluorescent protein Green. B. Northern blotting  was used to detect the miR-26a-1. U6 serves as an internal reference gene. C. Dot blotting was used to detect to detect the miR-26a-1. GAPDH serves as an internal reference gene. D. Quantitative RT-PCR was used to detect mature miR-26a-1-5p.U6 as the internal reference gene. E. Quantitative RT-PCR was used to detect mature miR-26a-1-3p.U6 as the internal reference gene. Each experiment was repeated three times. Each group value is expressed as mean±standard deviation (mean±SEM, n=3), **, P<0.01, *, P<0.05. F. The analysis  of  binding ability among  miR-26a-1, AgoII and Sirt1 3'-UTR by RNA pulldown combined with RNA immunoprecipitation (RIP) method. IgG RNA immunoprecipitation was used as a negative control, and the RNA retained before RIP was used as a template to amplify Sirt1 3'-UTR as an internal reference (INPUT). G. pEZX-MT-Sirt13'UTR-Luc dual luciferase reporter gene. H. pEZX-MT-Sirt13'UTR(mutant)-Luc dual luciferase reporter gene. I. RT-PCR was used to to detect the transcription ability of Sirt1 . β-actin as the internal reference gene. J. a. Western blotting was used to detect the translation ability of Sirt1. H4 as an internal reference gene. b. Gray scan semi-quantitative analysis of positive bands. K.a. Western blotting was used to detect the (H4K16Ac. H4 as the internal reference gene. b. Gray scan semi-quantitative analysis of positive bands. L.a Western blotting was used to detect H4K16Ac . β-actin as the internal reference gene. b. Gray scan semi-quantitative analysis of positive bands.

Figure S4 miR-26a-1 enhances the expression of protein arginine methyltransferase PRMT6. A. chromosome immunoprecipitation (CHIP) with anti-H4K16Ac. B. Super-DNA gel migration to measure the binding ability of H4K16Ac and PRMT6 promoter probe. C&D. chromosome configuration capture (3C)-chromatin immunoprecipitation (CHIP) with anti-RNApolII and P300 to analyze the ability of RNA PolII and P300 complexes to enter the PRMT6 promoter-enhancer loop. E&F. The activity of the pEZX-MT-PRMT6 promoter-Luc reporter gene. G. Reverse transcription polymerase chain reaction (RT-PCR) was used to detect the transcription ability of PRMT6 .β-actin as an internal reference gene. H. Western blotting was used to detect the translation ability of PRMT6 .β-actin as an internal reference gene. I. Reverse transcription polymerase chain reaction (RT-PCR) was used to detect the transcription ability of PRMT6 .β-actin as an internal reference gene. J. Western blotting was used to detect the translation ability of PRMT6 .β-actin as an internal reference gene.

Figure S5 miR-26a-1 promotes the methylation modification of POLB (R137) and histone arginine through PRMT6. A. Western blotting was used to detect the expression of POLB. β-actin was used as an internal reference gene. B. Co-immunoprecipitation with anti-PRMT6 and then Western blotting with anti-POLB. IgG immunoprecipitation was used as a negative control, and the samples before coprecipitation were detected by Western blotting with anti-PRMT6 as INPUT. C-D. Co-immunoprecipitation with anti-Methylated Arg and use Western blotting analysis with anti-POLB (R137). IgG immunoprecipitation was used as a negative control, and the samples before coprecipitation were detected by Western blotting with anti-POLB as INPUT. E. Co-immunoprecipitation with anti-PRMT6 and Western blotting with anti-histone (H2A, H3, H4). IgG immunoprecipitation was used as a negative control, and the samples before coprecipitation were detected by Western blotting with anti-PRMT6 as INPUT. F-G. Western blotting was used to detect H3R2me2 H2AR3me H4R3me .Histones (H2A, H3, H4) were used as internal reference genes. 

Figure S6 miR-26a-1 enhances the methylation modification of histone H3 lysine 4 via targeting KDM5A A. The RNA immunoprecipitation (RIP) method combined with RNA pulldown was used to analyze the mutual binding ability of  mzture miR-26a-1, AgoII to KDM5A 3'-non-coding region (3'-UTR). B. the activity of the pEZX-MT-KDM5A 3'UTR-Luc luciferase reporter gene was detected. Each experiment was repeated three times. Each group value is expressed as mean±standard deviation (mean±SEM, n=3), **, P<0.01, *, P<0.05. C. the activity of the pEZX-MT-KDM5A 3'UTR(mutant)-Luc luciferase reporter gene was detected. D. Reverse transcription polymerase chain reaction (RT-PCR) was used to detect the transcription ability ofJMJD5A .β-actin as an internal reference gene. E. Western blotting was used to detect the translational ability of JMJD5A . β-actin as an internal reference gene. F-G. Western blotting was used to detect the H3K4me3. Histone H3 was used as an internal reference gene.

Figure S7 miR-26a-1 enhances the expression of histone methyltransferase SETD2 and the trimethylation modification on the 36th lysine of Histone H3 dependent on H3K4me3. A. chromosome immunoprecipitation (CHIP) with anti-H3K4me3. B-C. Chromosome immunoprecipitation (CHIP) using anti-RNA polII. D. Super-DNA gel migration was used to detect the binding ability of H3K4me3 to SETD2 promoter probe. E-F. Chromosome configuration capture (3C)-chromatin immunoprecipitation (CHIP) using anti-RNApolII and anti-P300 was used to analyze the ability of RNA PolII and P300 complexes entering the SETD2 promoter-enhancer loop. G-H. the activity of pEZX-MT-SETD2 promoter-Luc dual luciferase reporter gene. Each experiment was repeated three times. Each group value is expressed as mean±standard deviation (mean±SEM, n=3), **, P<0.01, *, P<0.05. I. reverse transcription polymerase chain reaction (RT-PCR) was used to detect the transcription ability of SETD2. β-actin as an internal reference gene. J.Western blotting was used to detect the translation ability of SETD2 . β-actin as an internal reference gene. K. Reverse transcription polymerase chain reaction (RT-PCR) to used to detect the transcription ability of SETD2. β-actin as an internal reference gene. L. Western blotting was used to detect the translation ability of SETD2.β-actin as an internal reference gene. M. Co-immunoprecipitation with anti-SETD2 and then Western blotting with anti-histone H3. N. Western blotting was used to detect the H3K36me3 .histone H3 was used as an internal reference gene. O. Western blotting was used to detect the H3K36me3 .histone H3 was used as an internal reference gene.
Figure S8 miR-26a-1 can promote the binding ability of Rad51, PARP1, ATR, ATM, hMSH6, XRCC5, POLB, SKP2 to mismatched DNA sequences and enhances the formation of DNA damage repair complexes. A. Co immunoprecipitation with anti-H3K36me3 and Western blotting analysis with anti-Rad51, anti-PARP1, anti-ATR, anti-ATM, anti-hMSH6, anti-XRCC5, anti-POLB, and anti-SKP2. IgG immunoprecipitation was used as a negative control, and the samples before coprecipitation were detected by Western blotting with anti-H3K36m3 as INPUT. B. DNA pulldown with biotin- mismatched DNA damage probe. Western blotting analysis was performed with anti-Rad51, anti-PARP1, anti-ATR, anti-ATM, anti-hMSH6, anti-XRCC5, anti-POLB, and anti-SKP2. C. Western blotting with anti-H3K36me3.Histone H3 as internal reference. D. DNA pulldown with biotin- mismatched DNA damage probe. Western blotting analysis was performed with anti-Rad51, anti-PARP1, anti-ATR, anti-ATM, anti-hMSH6, anti-XRCC5, anti-POLB, and anti-SKP2. Anti-Biotin Western blotting was used as an internal reference (INPUT). E. repeated chromosome immunoprecipitation (CHIP) with anti-Anti-Methylated Arg and anti-Anti-POLB . The DNA isolated and purified from the CHIP precipitate was used as a template, and the primers designed according to the DNA sequence of the mismatched plasmid were used for polymerase chain reaction (PCR) amplification. IgG　CHIP is used as a negative control. F. chromatin immunoprecipitation (CHIP) with anti-Rad51, anti-PARP1, anti-ATR, anti-ATM, anti-hMSH6, anti-XRCC5, anti-POLB, anti-SKP2 and mismatched DNA sequences. 
Figure S9 miR-26a-1 promotes the formation of DNA damage repair complexes dependent on long non-coding RNA HULC A. Chromosomal immunoprecipitation (CHIP) using anti-PARP1 and anti-Anti-Rad51. The DNA isolated and purified from the CHIP precipitate was used as a template, and the primers designed according to the DNA sequence of the mismatched plasmid were used for polymerase chain reaction (PCR) amplification. IgG　CHIP is used as a negative control. B. DNA pull down -Western blotting with anti-H3K36me3, anti-Rad51, anti-PARP1, anti-ATR, anti-ATM, anti-hMSH6, anti-XRCC5, anti-POLB, and anti-SKP2 respectively. C. chromosomal immunoprecipitation (CHIP) with anti-H3K36me3, anti-Rad51, anti-PARP1, anti-ATR, anti-ATM, anti-hMSH6, anti-XRCC5, anti-POLB, and anti-SKP2 IgG　CHIP is used as a negative control; the DNA retained before chromatin immunoprecipitation is used as a template, and the product amplified by primers designed with mismatched plasmid DNA sequence is used as an internal .reference (INPUT).
Figure S10 miR-26a-1 promotes the DNA damage repair by inhibiting Sirt1 and KDM5A. A. Western blotting was used to detect the level of DNA damage marker rH2AX (S139) .H2AX was used as an internal reference. B. Western blotting was used to detect the levels of DNA damage marker rH2AX (S139) . H2AX as an internal reference. C. Western blotting was used to detect the level of DNA damage marker rH2AX (S139) .D. Temozdomide2 induces cellular DNA damage, and Western blotting ws used to detect the level of DNA damage marker rH2AX (S139) . H2AX as an internal reference. E. Alisertib induces cellular DNA damage and Western blotting was used to detect the level of DNA damage marker rH2AX (S139) . H2AX as an internal reference. F. Alisertib induces cellular DNA damage and Western blotting was used to detect the level of DNA damage marker rH2AX (S139) .H2AX as an internal reference. G. PCR combined with BamHI-EcoRI restriction analysis was used to detect the level of DNA damage repair . H. Alisertib induces cell DNA damage and Dot blot was used to detect the level of DNA damage repair. I. Alisertib induces cellular DNA damage and Northern blot was used to detect the level of DNA damage repair (DNA microsatellite instability) J. Alisertib induces cellular DNA damage and Northern blot to detect the level of DNA damage repair,DNA microsatellite instability. K. Alisertib induces cellular DNA damage and immunofluorescence staining was used to detect the level of DNA damage marker rH2AX (S139). Analysis of the positive rate of DNA damage marker rH2AX (S139). L. Alisertib induces cellular DNA damage and immunofluorescence staining  was used to detect the level of DNA damage marker rH2AX (S139). Analysis of the positive rate of DNA damage marker rH2AX (S139). M. a. Treatment with DNA damage inducer Temozolomide was treated and in situ DNA damage analysis was performed . b. The analysis of 8-OHdG DNA damage. Each experiment was repeated three times. Each group value is expressed as mean±standard deviation (mean±SEM, n=3), **, P<0.01, *, P<0.05. N. a. in situ DNA damage analysis. b. analysis of 8-OHdG DNA damage quantitatively.

Figure S11 miR-26a-1 increases the renewal ability of histones dependent  on protein ubiquitination degradation pathway after DNA damage repair. A. Co-immunoprecipitation was used to detect a the interaction of histone variant H3FA (usually at the site of DNA damage) with Skp2, CUL1, and F-box. B. By Transfecting the mismatched plasmid, DNA pulldown experiment with the Biotin labeled mismatched DNA damage probe. Western blotting analysis was performed with anti-H3F3A, anti-Skp2, anti-CUL1, and anti-F-box. C. Co-immunoprecipitation t with Anti-Ub and then Western blotting with anti-H3F3A. IgG immunoprecipitation was used as a negative control, and samples before coprecipitation were detected by Western blotting with anti-H3F3A as INPUT. D. DNA pulldown-immunoprecipitation experiment with the biotin labeled mismatched DNA damage probe.. E. Co immunoprecipitation with anti-HF3A and then Western blotting with anti-Ub. IgG immunoprecipitation was used as a negative control, and samples before coprecipitation were detected by Western blotting with anti-H3F3A as INPUT. F. DNA pulldown with the biotin labeled mismatched DNA damage probe, and then Co-immunoprecipitation t with Anti-H3F3A, and Western blotting with anti-Ub. G. Western blotting with anti-H3F3A. Anti-Histine H3 serves as the internal reference. H. Chromosomal immunoprecipitation (CHIP) with anti-H3F3A and anti-Histone H3. The DNA isolated and purified from the CHIP precipitates are used as a template, and the polymerase chain reaction (PCR) amplification is performed with primers designed according to the plasmid sequence of the repaired DNA. IgG　CHIP is used as a negative control. I. Western blotting to detect H3F3A with anti-H3F3A. Anti-Histine H3 serves as the internal reference. J. Chromosome immunoprecipitation (CHIP) with anti-H3F3A and anti-Histone H3.
Figure S12 miR-26a-1 inhibits the expression of cyclins and protein kinase dependent on DNA damage repair in liver cancer stem cells. A. Temozolomide is used to induce DNA damage.Western blotting was used to detect CDK2, CyclinE, CDK4, CyclinD1, CDK6, CDK8, CyclinM2, CDK15, RB, pRB, PCNA, P18, P21/WAF1/Cip1, MAP3K2 , PGK1, β-actin as an internal reference gene. B. CDK2, CyclinE, CDK4, CyclinD1, CDK6, CDK8, CyclinM2, CDK15, RB, pRB, PCNA, P18, P21/WAF1/Cip1, MAP3K2, PGK1 were detected by Western blotting . β-actin is used as an internal reference gene.
Figure S13 Excessive Sirt1 and KDM5A abolish miR-26a-1's ability to inhibit the growth of liver cancer stem cells. A. Quantitative reverse transcription polymerase chain reaction (RT-PCR) was used to detect miR- 26a-1-5p.U6 is used as the internal reference gene. B. quantitative reverse transcription polymerase chain reaction (RT-PCR) was used to detect the mature miR-26a-1-3p. U6 as the internal reference gene. C. Northern blotting was used to detect the precursors, matures of miR-26a-1 .U6 as the internal reference gene. D. Western blotting was used to detect Sirt1 or KDM5A. β-actin serves as an internal reference. E. CCK8 cell growth assay. F. BrdU staining determination G. Plate colony forming ability determination of cells. H. Determination of the spheres. I. Photograph of xenograft tumor. J. Comparison of the size (grams) of transplanted tumors in nude mice. K. Comparison of the time (days) for the appearance of transplanted tumors in nude mice. L. The transplanted tumor tissue sections (4μm) of nude mice fixed in 4% formaldehyde and paraffin embedded were stained with hematoxylin-eosin (HE) (original magnification×100). M. anti-PCNA immunohistochemical staining (original magnification×100). N. Comparison of PCNA positive rate. Each group value is expressed as the mean ± standard deviation (mean ± SEM, n=8), **, P<0.01, *, P<0.05 indicates a statistically significant difference. 
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