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Supplementary Materials and Methods 

Clinical HCC samples 

The clinical HCC tissue specimens used in this study were obtained from the 

Qidong Liver Cancer Institute (Qidong, China). All of the procedures were performed 

under consensus agreements and in accordance with the Chinese Ethical Review 

Committee. 

Side population (SP) analysis 

For the SP analysis, cells grown to 60-70% confluence in 60-mm dishes were 

treated with different drugs or reagents for the indicated times. A total of 1×106 

cells/ml were incubated at 37°C for 90 min with 5 mg/ml Hoechst 33342 (Invitrogen), 

either alone or in the presence of 10 μM fumitremorgin C (Sigma-Aldrich) as a 

positive control. Dead cells were excluded by gating based on forward and side scatter, 

which eliminated the PI-positive population. The SP cells were analyzed using an 

Epics Altra Flow Cell Sorter (Beckman Coulter). 

Glycosidase treatment of cell lysates 

A 100-μg aliquot of the cell lysate was treated with different concentrations of 

PNGase F, Endo Hf, or α-2, 3-neuraminidase (NEB) at 37°C according to the 

manufacturer’s protocol. The cell lysate was subsequently boiled in 5× SDS sample 

buffer, resolved by SDS-PAGE, and immunoblotted to detect the ABCG2 protein. 

MTT assay 

Cells were prepared and seeded in 96-well plates overnight to recover viability; 

this treatment was followed by incubation with different drugs at various 
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concentrations for an additional 48 hours. The MTT reagent (Sigma-Aldrich) was 

then added to each well according to the manufacturer’s instructions to determine the 

sensitivity of each cell subpopulation for each drug. All of the experiments were 

performed in triplicate. 

Immunofluorescent staining 

Cultured cells were prepared, and immunolocalization was detected by 

immunofluorescence as previously described (15). The optimal antibody dilutions 

used are provided in Supplementary Table S3. The results were visualized and 

photographed under an Axioskop 2 microscope (Carl Zeiss, Germany) using the DP70 

CCD system (Olympus, Japan) or a laser scanning confocal microscope (FV1000, 

Olympus, Japan). 

Tumor xenograft assay 

5×103 CD133+ or 5×104 CD133- MACS-sorted MHCC-97L cells were suspended 

in a serum free-DMEM/Matrigel (BD Biosciences) mixture (1:1 volume) and 

subcutaneously injected into the flanks of each recipient nude mouse. After two 

weeks, the mice were randomly assigned to three groups. They were treated via 

intraperitoneal injection once per week for 4 weeks with (1) 0.1 mg/kg TM, (2) 0.5 

mg/kg TM, or (3) 0.2 ml of 0.9% NaCl as a control.  

A total of 2.5×106 MHCC-97L or Huh7 HCC cells per mouse were suspended in 

serum-free DMEM and inoculated subcutaneously into the recipient mice. Treatment 

was initiated after the xenograft size reached approximately 5×5 mm. The mice were 

randomly assigned to four groups. They were treated via intraperitoneal injections 
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once per week for 4 weeks with (1) 0.1 mg/kg TM, (2) 2.5 mg/kg CDDP, (3) 0.1 

mg/kg TM plus 2.5 mg/kg CDDP, or (4) 0.2 ml of 0.9% NaCl as a control. 
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Supplementary Table S1   

Drugs and chemical reagents 

Name Cat No. Solvent Company 

Tunicamycin T7765 DMSO Sigma-Aldrich 

Swaninsonie S9263 MeOH Sigma-Aldrich 

2-DG D6134 H2O Sigma-Aldrich 

Wortmannin W1628 DMSO Sigma-Aldrich 

LY294002 L9908 DMSO Sigma-Aldrich 

Cycloheximide C4859 DMSO Sigma-Aldrich 

Doxorubicin D1515 H2O Sigma-Aldrich 

Vincristine V8879 H2O Sigma-Aldrich 

Cisplatin P4394 0.9%NaCl Sigma-Aldrich 

5-FU F6627 DMSO Sigma-Aldrich 

Fumitremorgin C F9054 DMSO Sigma-Aldrich 

Hochest33342 H3570 H2O Invitrogen 

MTT M5655 H2O Sigma-Aldrich 
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Supplementary Table S2   

Primers used for Real-time PCR and other sequences 

Gene GenBank no. Forward (5’-3’) Reverse (5’-3’) 

ABCG2 NM_004827 tcatcagcctcgatattccatct ggcccgtggaacataagtctt 

ABCB1 NM_000927 gctcctgactatgccaaagc tcttcacctccaggctcagt 

ABCB3 NM_000544 cctgcacagccaggtggtttc gcctgcagcctgtgagcaatca 

ABCC1 NM_004996 ctgggcttatttcggatcaa tgaatgggtccaggttcatt 

ABCC2 NM_000392 tgcttcctggggataatcag cacggataactggcaaacct 

ABCC3 BC050370 gcaggtgacatttgctctga ccggtagcgcacagaataat 

Nanog NM_024865 aatacctcagcctccagcagatg tgcgtcacaccattgctattcttc 

Notch1 NM_017617 cctgagggcttcaaagtgtc cggaacttcttggtctccag 

Oct4 NM_002701 cttgctgcagaagtgggtggaggaa ctgcagtgtgggtttcgggca 

GAPDH NM_002046 agaaggctggggctcatttg aggggccatccacagtcttc 

DPAGT1-1# siRNA ggagauaccuucuguuacutt aguaacagaagguaucucctt 

DPAGT1-2# siRNA ggcccauacaugagagaaatt uuucucucauguaugggcctt 

Mut-N596Q mutant primer ccaggactccaggcaacaggaaac 
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Supplementary Table S3 

Antibodies used in this study 

Antibody Clone & host Dilution Company 

CD133 W6B3C1, mouse IgG1 1:100 for WB MACS 
CD44 DF1485, mouse IgG1 1:300 for WB Santa Cruz 
ABCG2 BXP-21, mouse IgG2a 1:200 for WB Santa Cruz 
ABCG2 BXP-21, mouse IgG2a 1:100 for IF Santa Cruz 
DPAGT1 P14, goat IgG 1:200 for WB Santa Cruz 
Akt C67E7, rabbit IgG 1:1, 000 for WB CST 
p-Akt 9271, rabbit IgG 1:500 for WB CST 
Erk1/2 137F5, rabbit IgG 1:1, 000 for WB CST 
p-Erk1/2 20G11, rabbit IgG 1:500 for WB CST 
S6 49D7, rabbit IgG 1:1000 for WB CST 
p-S6 D57.2.2E, rabbit IgG 1:1, 000 for WB CST 
STAT3 124H6, mouse IgG2a 1:1, 500 for WB CST 
p-STAT3 D3A7, rabbit IgG 1:500 for WB CST 
Cleaved PARP 2D2, mouse  1:200 for WB CST 
PCNA PC10, mouse IgG2a 1:1, 500 for WB CST 
EPCAM VU1D9, mouse IgG1 1:500 for WB CST 
EGFR D38B1, rabbit IgG 1:500 for WB CST 
CD13 WM15, mouse IgG1 1:100 for WB Abcam 
CK19 Ks19.1, mouse IgG2a 1:1, 000 for WB Thermo Scientific 
HRP-β-actin AC-15, mouse 1:20, 000 for WB Sigma-Aldrich  

HRP-anti mouse 
IgG1 

Goat 1:3, 000 for WB Santa Cruz 

HRP-anti mouse 
IgG2a 

Goat 1:3, 000 for WB Santa Cruz 

HRP-anti Rabbit 
IgG 

Goat 1:4, 000 for WB Sigma-Aldrich  

HRP-anti Goat 
IgG 

Rabbit 1:10,000 for WB Sigma-Aldrich 

Alexa Fluor 488 
anti-mouse IgG 

Goat 1:100 for IF Invitrogen 

WB: Western blotting; IF: Immunofluorescence 
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Supplementary Figure S1. The expression of ABCG2 was correlated with drug 
resistance of HCC. 
(A) Western blotting analysis of ABCG2 expression in HCC cell lines. (B-D) The 
growth inhibition of 4 HCC cell lines treated with Dox (B), 5-FU (C), or CDDP (D) 
for 48 hours was analyzed by the MTT assay. (E) The mRNA levels of several ABC 
transporters in CD133-sorted cells were detected using real-time PCR (n = 3). * P 
<0.05 (Student’s t-test). (F) The Dox sensitivity of the CD133-sorted MHCC-97L and 
PLC/PRF/5 cells were assessed by the MTT assay. 
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Supplementary Figure S2. TM inhibited ABCG2 expression in both HCC and 
other tumor cell lines. 
(A, B) PLC/PRF/5 (A) and MHCC-LM3 (B) cells were incubated with different doses 
of TM for the indicated times. ABCG2 protein expression was inhibited in a time- and 
dose-dependent manner as revealed by Western blotting. (C) The lung cancer cell line 
A549 and the breast cancer cell line MCF-7 were treated with various TM 
concentrations for 24 hours. Western blotting assays showed that TM decreased the 
ABCG2 protein levels in both cell lines. 
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Supplementary Figure S3. Glycosylation inhibitors influenced SP of HCC cells. 
(A) Representative images of the SP proportion in MHCC-97L cells following 
treatment with TM (2.5 μg/ml), SW (10 μg/ml), 2-DG (2.5 μg/ml), and LY294002 (10 
μM). Fumitremorgin C, a specific inhibitor of ABCG2 activity, was used as a positive 
control. (B, C) The SP proportion (n = 3) in MHCC-97L (B) and MHCC-97H cells (C) 
after treatment with inhibitors of glycosylation and PI3K-Akt signaling was analyzed 
using Student’s t-test, * P < 0.05. 
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Supplementary Fig. S4 TM inhibited ABCG2 and p-Akt expression in CD133+/- 
MHCC-97L cells nude mouse models. Total protein was extracted from snap frozen 
tumor tissues taken from the CD133+/- MHCC-97L cells nude mouse models. Western 
blotting was used to detect the expression of ABCG2 and p-Akt. 
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Supplementary Figure S5. The anti-tumor effect of chemotherapeutic drugs 
combined with TM in PLC/PRF/5 cells was evaluated by Western blotting. 
The anti-tumor effect of various chemotherapeutic agents combined with TM was 
examined in PLC/PRF/5 cells. PLC/PRF/5 cells were incubated with TM (1.0 μg/ml), 
Dox (0.5 μg/ml), VCR (5 ng/ml), 5-FU (100 μg/ml), and CDDP (20 μg/ml) alone or 
in combination with TM for 48 hours. Western blotting was used to assess the 
therapeutic effects. 
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Supplementary Figure S6. TM enhanced the therapeutic effect of CDDP through 
Akt-ABCG2 pathway in vivo. 
(A, B) The growth curve of tumors in MHCC-97L (A) and Huh7 (B) nude mice 
models. Tumor volume from the four groups was counted in L × W2/2. (C, E) Total 
protein was extracted from frozen tumor tissues taken from the MHCC-97L (C) and 
Huh7 (E) cells xenografts. Western blotting assay was used to detect the expression of 
ABCG2 and p-Akt. The therapeutic effect was evaluated by examining the expression 
of PCNA and cleaved-PARP. (D, F) Total mRNA was extracted from frozen tumor 
tissues taken from the MHCC-97L (D) and Huh7 (F) nude mouse models following 
treatment. Real-time PCR analysis revealed a reduction of the CSC subpopulation, 
which was shown by decreased expression levels of stemness-related genes in the TM 
plus CDDP group compared with the CDDP alone group (n = 3). The values 
correspond to the mean ± SEM. Statistical significance was determined by a 
two-tailed Student’s t-test: * P < 0.05. 
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Supplementary Figure S6. TM inhibited the glycosylation of EGFR and blocked 
its downstream signalling. 
(A) MHCC-97L cell lysates were treated with PNGase F, Endo Hf or 
α-2,3-neuraminidase at 37°C according to the datasheets. The shift in the molecular 
weight of EGFR was then detected by Western blotting. (B) The glycosylation of 
EGFR and the alteration of its downstream signaling pathways were examined via 
Western blotting. 
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Supplementary Figure S8. The combination treatment effect of sorafenib and 
TM was evaluated in HCC cell lines. 
(A, B) MHCC-97L (A) and Huh7 (B) cells were incubated with TM (1.0 μg/ml) and 
sorafenib (5 μM) alone or in combination for 48 hours. Western blotting was used to 
assess the therapeutic effects. (C) Huh7 cells were incubated with TM (1.0 μg/ml) and 
sorafenib (5 μM) alone or in combination for 48 hours. The alteration of 
growth-related signaling pathways was examined using Western blotting. (D) Huh7 
cells were incubated with TM (1.0 μg/ml) and sorafenib (5 μM) alone or in 
combination for 48 hours. Western blotting was used to detect alterations in tumor 
invasion-related targets. 


