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Recent studies on molecular carcinogenesis suggest that the 

chemo-resistance of some cancers is largely due to presence 

of cancer stem cells (CSCs), which affect the chemotherapy 

outcome for hepatocellular carcinoma (HCC). However, cur-

rently no consensus on a CSC phenotype in HCC has been 

obtained. Here, we examined Sox12 as a novel CSC marker in 

HCC. Sox12+ versus Sox12- cells were purified from HCC cell 

lines. The Sox12+ cells were compared with Sox12- HCC cells 

for tumor sphere formation, chemo-resistance, tumor for-

mation after serial adoptive transplantations in nude mice, 

and the frequency of developing distal metastasis. We found 

that compared to Sox12- HCC cells, Sox12+ HCC cells gener-

ated significantly more tumor spheres in culture, were more 

chemo-resistant to cisplatin, were detected in circulation 

more frequently, and formed distal tumor more frequently. 

Moreover, Sox12 appeared to functionally contribute to the 

stemness of HCC cells. Thus, we conclude that Sox12 may be 

a novel marker for enriching CSCs in HCC. 
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ma (HCC), Sox12 

 

 

INTRODUCTION 
 

Hepatocellular carcinoma (HCC) is among the top 5 most 

common solid tumor worldwide and the third major cause  

of cancer-related death (Verslype et al., 2009). Most HCC 

patients are diagnosed at intermediate or advanced stages 

of the disease, in which the outgrowth and distal metastasis 

of the primary tumor have occurred (Llovet and Bruix, 2008). 

Sorafenib and Cisplatin are the first line anti-HCC drugs used 

in clinic, but overall, the chemotherapy for advanced HCC is 

not very effective with undetermined mechanisms (Brower, 

2016; Ikeda et al., 2016). 

Recent studies on molecular carcinogenesis suggest that 

the chemo-resistance of some cancers is largely due to pres-

ence a group of cancer cells that have characteristics of stem 

cells, and are tumorigenic, highly proliferative and highly 

invasive (Sun et al., 2017). These cells are called cancer stem 

cells (CSCs), and treatments targeting CSCs are expected to 

improve current cancer therapies with experimental evi-

dence (Perez-Losada and Balmain, 2003; Petersson and 

Niemann, 2012; Singh et al., 2003; Singh, 2012). 

Although some cell surface markers [like CD133 (Zhang 

and Li, 2010) and CD44 (Yan et al., 2015)] are generally 

used for isolation of CSCs, none of these cell surface markers 

are satisfactorily robust and specific. Moreover, some non-

surface markers [like Lgr5 in colorectal carcinoma (Nakata et 

al., 2014)] have also been applied for identification of CSCs 

in certain cancers. In addition, tumor cells with increased 

activity of aldehyde dehydrogenase (ALDH) appeared to be 

Aldefluor-positive in flow cytometry analysis (Duester, 2000; 

Magni et al., 1996). Increased activity of ALDH has been 
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detected in some stem/progenitor cells (Armstrong et al., 

2004; Hess et al., 2004; 2006; 2008). Recent evidence sug-

gests that enhanced ALDH activity may be a characteristic for 

cancer stem cells (CSC) (Ma and Allan, 2011; Silva et al., 

2011). Since all CSC-markers only enrich CSCs from a certain 

tumor, most “purified” CSCs are actually not CSCs, but are 

CSC-like cells (Fang et al., 2010; Ma et al., 2008; Nagata et 

al., 2011; Ottaiano, 2010; Shi et al., 2010). In HCC, alt-

hough there is still no consensus on a CSC phenotype in 

HCC, single or combined use of CSC markers has been used 

to identify such a small population with CSC properties in-

cluding self-renewing and the ability to form original tumor 

characteristics (Chiba et al., 2016). So far, the gold standard 

for defining a CSC or CSC-like cell is combined application of 

tumor sphere formation in vitro and tumor formation in 

receipts after serial adoptive transplantations (Huang and 

Rofstad, 2017; Iqbal et al., 2016). 

SRY-related HMG-box gene 12 (Sox12) is a member of 

transcription factor superfamily homologous with sex-

determining gene SRY, and has been shown to play critical 

roles in embryonic development and cell fate determination 

(Dy et al., 2008; Hoser et al., 2008). A recent study showed 

that Sox12 was elevated in HCC tissues, which correlated 

with loss of tumor encapsulation and higher cancer invasion 

and metastasis, seemingly through enhanced expression of 

Twist1 and fibroblast growth factor binding protein 1 

(FGFBP1) (Huang et al., 2015). However, the association of 

Sox12 positivity and CSCs in HCC has not been reported. 

Here, we examined Sox12 as a novel CSC marker in HCC. 

Sox12+ versus Sox12- cells were purified from HCC cell lines. 

The Sox12+ cells were compared with Sox12- HCC cells for 

tumor sphere formation, chemo-resistance, tumor formation 

after serial adoptive transplantations in nude mice, and the 

frequency of developing distal metastasis. Our results sug-

gest that Sox12 may be a novel marker for enriching CSCs in 

HCC.  

 

MATERIALS AND METHODS 
 

Protocol approval 
All the experimental methods including animal experiments 

have been approved by the research committee and the 

Institutional Animal Care and Use Committee at the People’s 

Hospital of Ganzhou. The research work was done following 

these guidelines and in accordance with the instruction from 

institutional Ethics Committee. 

 

Cell culture and treatment 
Two human HCC cell lines SNU-182 and HepG2 were both 

purchased from ATCC (American Type Culture Collection, 

USA). These cells were cultured in Dulbecco's Modified Ea-

gle's Medium suppled with 10% Fetal Bovine Serum (FBS, 

Invitrogen, USA). The cells were incubated in a 37℃ incuba-

tor with 5% CO2. Cisplatin (Sigma-Aldrich, USA) was given 

to HCC cells at the concentration of 20 μmol/l in culture for 

24 h before analysis. 

 

Cell transduction 
The HCC cells were co-transduced with 2 lentiviruses. The 

first lentivirus carries a red fluorescent protein (RFP) reporter 

under the control of a Sox12 promoter. The second lentivi-

rus carries a luciferase (LUC) reporter and a green fluores-

cent protein (GFP) reporter under a cytomegalovirus (CMV) 

promoter. LUC and GFP reporters are connected by a 2A 

sequence to allow co-expression of 2 genes by one promot-

er. The plasmids for generating these 2 viruses were pre-

pared from a pcDNA3.1-CAG-GFP plasmid, a pcDNA3.1-

CAG-RFP plasmid, and a pcDNA3.1-CMV-luciferase plasmid 

as backbones (Clontech, USA), using molecular cloning. 

Sox12 (Gene ID: 6666) promoter was cloned by PCR using 

human genomic DNA as a template. For lentiviral production, 

seeded HEK293T cells (ATCC) were co-transfected with 5 μg 

of pSox12-luciferase-2A-GFP and 5 μg each of packaging 

plasmids (REV, pMDL and VSV-G) by Lipofectamine-3000 

assay (Invitrogen). The supernatant was removed 48 hours 

after transfection and filtered through the 0.45 μm syringe 

filter, after which the lentivirus in supernatant was isolated 

for titration. A multiplicity of infection (MOI) of 100 was 

used for both lentivirus to transduce HCCs in vitro, which 

resulted in more than 90% transduction efficiency for both 

lines. 

 

Animal work 
For examining tumor growth in vivo, male nude mice of 12 

weeks of age (SLAC Laboratory Animal Co. Ltd, China) were 

subcutaneously transplanted with 10
6
 transduced/labelled 

HCC cells. The bioluminescence was monitored 4 weeks 

after tumor implantation. For serial adoptive transplantation 

of tumor cells, male nude mice of 12 weeks of age were 

subcutaneously transplanted with 50 Sox12+ or Sox12- HCC 

cells. The presence of circulated blood cells was examined 2 

weeks after tumor implantation. The tumor formation was 

evaluated by bioluminescence 8 weeks after tumor implan-

tation, in a 3-round serial adoptive transplantation. Fifty 

cancer cells were isolated from implanted tumor and grafted 

to the new mice with the same protocol for the next round. 

Formation of tumor was monitored according to the overall 

luciferase activity of in vivo formed tumor. After anesthetized 

with 3% isoflurane (Sigma-Aldrich), mice that have received 

tumor cell transplantation got i.v. infusion of 50 mg/kg body 

weight luciferin (Sigma-Aldrich). Ten minutes later, the bio-

luminescence detection was performed and the images were 

recorded with IVIS imaging system (Xenogen Corp., USA), with 

an acquisition time of 60-second and binning of 10. 

 

Flow cytometry 
For flow cytometry analysis and cell sorting, the cell prepara-

tions were either labeled with PEcy7-conjugated anti-human 

CD133 antibody (Becton-Dickinson Biosciences, USA), or 

labeled with an Aldefluor Kit (StemCell Technologies, China), 

according to the manufacturer’s instructions. GFP and RFP 

were detected by direct fluorescence. Flow cytometry was 

performed using a FACSAria (Becton-Dickinson Biosciences) 

flow cytometer, and the data were analyzed and presented 

using Flowjo software (Flowjo LLC, USA). 

 

Primary tumor sphere culture 
The single cell preparation of the specific tumor cell fractions 
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Fig. 1. Genetic labeling of Sox12+ vs Sox12- HCC cells

with different fluorescence and luciferase. (A) Two hu-

man HCC cell lines SNU-182 and HepG2 were co-

transduced with 2 lentiviruses. The first lentivirus carries

a RFP reporter under the control of a Sox12 promoter

(pSox12-RFP). The second lentivirus carries a luciferase

(LUC) reporter and a GFP reporter under a CMV pro-

moter (pCMV-LUC-GFP). The viral structure is shown.

(B) Representative flow cytometry for GFP and RFP in

the HCC cells infected with both lentiviruses. (C) RT-

qPCR for the purified GFP+RFP- and GFP+RFP+ cells,

compared to total GFP+ cells. (D) The purified GFP+

(RFP+ or FRP-) HCC cells in culture. DAPI: nuclei stain-

ing. Scale bars are 50 μm. 

were re-suspended in tumor sphere media (TSM, DMEM 

suppled with 20 ng/ml human recombinant epidermal 

growth factor, 20 ng/ml basic fibroblast growth factor, 10 

ng/ml leukemia inhibitory factor and 60 μg/ml N-

acetylcysteine. After smeared in 60mm petri dish at a density 

of 2 × 10
4 

cells/plate, the formation of tumor sphere was 

evaluated. 

 

Cell viability assay 
The cell viability was determined with an CCK-8 detection kit 

(Sigma-Aldrich), as instructed by the manufacturer. The ab-

sorbance of wells in microplate was read at 450 nm with 

microplate reader. The cell viability was calculated as: the 

percentage of absorbance value in detected well with refer-

ence to control well. 

 

Statistical analysis  
The statistical analysis was performed with the GraphPad 

Prism 6 (GraphPad Software, USA), using one-way analysis 

of variance (ANOVA) test followed by a Turkey multiple 

comparison post-hoc analysis. The values were shown as 

mean ± standard deviation (SD). A value of p<0.05 was con-

sidered as significant after Bonferroni correction. 

 

RESULTS 
 

Genetic labeling of Sox12+ vs Sox12- HCC cells with 
different fluorescence and luciferase 
Two human HCC cell lines SNU-182 and HepG2 were used 

in the current study. Both lines were generated from HCC 

tissue, and SNU-182 was more aggressive than HepG2. The-

se 2 HCC cell lines were co-transduced with 2 lentiviruses. 

The first lentivirus carries a RFP reporter under the control of 

a Sox12 promoter (pSox12-RFP). The second lentivirus car-

ries a luciferase (LUC) reporter and a GFP reporter under a 

CMV promoter (pCMV-LUC-GFP) (Fig. 1A). Using a MOI of 

100, both lines were transduced with 2 lentiviruses efficient-

ly. Flow cytometry analysis showed that many HCC cells 

were GFP+, and these GFP+ cells were transduced cells. 

Among GFP+ cells, there were a few cells appeared to be 

RFP+ and thus yellow fluorescent (positive for both RFP and 

GFP), and these cells (GFP+RFP+) were Sox12+ HCC cells. 

On the other hand, the GFP+RFP- cells (green fluorescent 

due to absence of RFP) were Sox12- HCC cells (Fig. 1B). To 

confirm that RFP+ cells were indeed enriched for Sox12-

expressing cells, we examined the mRNA level of SOX12 in 

GFP+RFP+ and GFP+RFP- cells, compared to total GFP+ cells. 

Our data showed that the mRNA level of SOX12 in 

GFP+RFP+ cells was increased by more than 9 times, com-

pared to total GFP+ cells in both lines, while the mRNA level 

of SOX12 in GFP+RFP- cells was decreased by more than 

80%, compared to total GFP+ cells in both lines (Fig. 1C). 

These data suggest that RFP+ cells were indeed enriched for 

Sox12-expressing cells. When all the fluorescent cells 

(GFP+RFP+ and GFP+RFP-) were sorted and put in culture, 

we found that all the cells were GFP+, from which a few are 

RFP-, confirmed the flow cytometry-based cell sorting (Fig. 

1D). 

 

CSC marker expression in Sox12+ versus Sox12- HCC cells 
The fluorescent HCC cells (GFP+RFP+ cells that represent 

Sox12+ cells and GFP+RFP- cells that represent Sox12- cells)
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Fig. 2. CSC marker expression in Sox12+ versus Sox12-

HCC cells. (A, B) The different fractions of HCC cells

(GFP+RFP+ cells that represent Sox12+ cells and

GFP+RFP- cells that represent Sox12- cells) were sub-

jected to flow cytometry analysis for Aldefluor. The

ratio of Aldefluor+ versus Aldefluor- cells were quan-

tified in both GFP+RFP+ HCC cell fraction and

GFP+RFP- HCC cell fraction, shown by representative

flow chart (A), and by quantification (B). (C-D) The

fluorescent HCC cells (GFP+RFP+ HCC cells and

GFP+RFP- HCC cells) were subjected to flow cytome-

try analysis for CD133. The ratio of CD133+ versus

CD133- cells were quantified in both GFP+RFP+ HCC

cell fraction and GFP+RFP- HCC cell fraction, shown

by representative flow chart (C), and by quantification

(D). *p < 0.05. N = 5. 
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were subjected to flow cytometry analysis for Aldefluor and 

CD133, two CSC markers, respectively. The ratio of Aldeflu-

or+ versus Aldefluor- cells were quantified in both 

GFP+RFP+ HCC cell fraction and GFP+RFP- HCC cell fraction 

(Fig. 2A). We found that the percentage of Aldefluor+ cells 

was significantly higher in GFP+RFP+ HCC cell fraction, than 

in GFP+RFP- HCC cell fraction, shown by representative flow 

chart (Fig. 2A), and by quantification (Fig. 2B). Moreover, 

the ratio of CD133+ versus CD133- cells were quantified in 

both GFP+RFP+ HCC cell fraction and GFP+RFP- HCC cell 

fraction (Fig. 2C). We found that the percentage of CD133+ 

cells was significantly higher in GFP+RFP+ HCC cell fraction, 

than in GFP+RFP- HCC cell fraction, shown by representative 

flow chart (Fig. 2C), and by quantification (Fig. 2D). On the 

top of these interesting findings, the presence of a few Alde-

fluor+ or CD133+ cells in both lines suggests that both HCC 

cell lines here are heterogeneous and contain cancer stem 

cells. Thus, CSC marker expression in Sox12+ cells was sig-

nificantly higher than in Sox12- HCC cells, suggesting that 

the levels of Sox12 may be higher in CSC cells in HCC. 

 

Sox12+ HCC cells generate more tumor spheres and are 
more chemo-resistant in vitro 
In order to determine whether Sox12 indeed plays a role in 

the stemness of HCC cells or is just a bystander, we added 

one gain-of-function control (GFP+RFP- cells transfected 

with a Sox12-expressing plasmid; GFP+RFP-/Sox12) and one 

loss-of-function control [GFP+RFP+ cells transfected with a 

short hairpin interfering RNA (shSox12)-expressing plasmid; 

GFP+RFP+/shSox12]. First, the Sox12 mRNA levels in these 

cells were determined by RT-qPCR (Fig. 3A). The GFP+RFP-

/Sox12, GFP+RFP-, GFP+RFP+ and GFP+RFP+/shSox12 HCC 

cells from both lines were then examined for their CSC 

properties in vitro. First, in a tumor sphere formation assay, 

we found that compared to GFP+RFP- HCC cells, GFP+RFP+ 

HCC cells in both lines generated significantly more tumor 

spheres, shown by representative images (Fig. 3B), and by 

quantification (Fig. 3C). Expression of Sox12 in GFP+RFP- 

cells significantly increased tumor sphere formation, while 

depletion of Sox12 in GFP+RFP+ cells decreased tumor 

sphere formation (Figs. 3B and 3C). Next, these HCC cells 

were treated with cisplatin, a first line chemotherapeutic 

drug for HCC. We found that compared to GFP+RFP- HCC 

cells, GFP+RFP+ HCC cells had better survival against cispla-

tin, in an CCK-8 assay (Fig. 3D). Expression of Sox12 in 

GFP+RFP- cells significantly increased HCC cell survival, while 

depletion of Sox12 in GFP+RFP+ cells significantly cell surviv-

al against cisplatin (Fig. 3D). Hence, Sox12+ HCC cells gen-

erate more tumor spheres and are more chemo-resistant in 

vitro, likely through Sox12-controlled stemness of HCC. 

 

Transplanted Sox12+ HepG2 cells generate bigger tumor 
in vivo 
GFP+RFP+/Sox12+ HCC cells and GFP+RFP-/Sox12- HCC 

cells of 10
6
 in number were subcutaneously transplanted 

into nude mice, and the formed tumor was examined by 

bioluminescence after 4 weeks. We found that compared to 

GFP+RFP-/Sox12- HCC cells, GFP+RFP+/Sox12+ HCC cells 

generated significantly bigger tumor, shown by quantifica-

tion (Fig. 4A) and by representative images (Fig. 4B). 

 

More circulated tumor cells and more tumor formation 
are detected after serial adoptive transplantation of 
Sox12+ HCC cells 
In order to check the difference in cell invasion and metasta-

sis, circulated tumor cells were examined 2 weeks after tu-

mor cell implantation, by flow cytometry, based on GFP (re-

gardless of presence of RFP). We found that GFP+ tumor 
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Fig. 3. Sox12+ HCC cells generate more tumor spheres

and are more chemo-resistant in vitro. (A) GFP+RFP-

cells transfected with a Sox12-expressing plasmid

(GFP+RFP-/Sox12) were used as gain-of-function

control. GFP+RFP+ cells transfected with a short

hairpin interfering RNA (shSox12)-expressing plasmid

(GFP+RFP+/shSox12) were used loss-of-function

control. The Sox12 mRNA levels in these cells were

determined by RT-qPCR. (B) The GFP+RFP-/Sox12,

GFP+RFP-, GFP+RFP+ and GFP+RFP+/shSox12 HCC

cells from both lines were then examined in a tumor

sphere formation assay, shown by representative

images (B), and by quantification (C). (D) The

GFP+RFP-/Sox12, GFP+RFP-, GFP+RFP+ and

GFP+RFP+/shSox12 HCC cells from both lines were

treated with cisplatin in vitro, after which cell viability

was determined in an CCK-8 assay. *p < 0.05. N = 5.

Fig. 4. Transplanted Sox12+ HepG2 cells generate

bigger tumor in vivo. GFP+RFP+/Sox12+ HCC cells

and GFP+RFP-/Sox12- HCC cells of 10
6
 in number

were subcutaneously transplanted into nude

mice, and the formed tumor was examined by

bioluminescence after 4 weeks. (A, B) The lucifer-

ase activity was determined in mice, shown by

quantification (A) and by representative images

(B). *p < 0.05. N = 10 mice that were used in

each experimental group. 

A 

 

 

 

 

 

 

 

B 

 

 

 

 

 

 

 

 

 

 

C                   D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A                            B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cells were more frequently detected in the circulation of the 

mice transplanted with GFP+RFP+/Sox12+ HCC cells, com-

pared to those transplanted with GFP+RFP-/Sox12- HCC 

cells (Fig. 5A). In a 3-round serial adoptive transplantation 

approach, tumor formation was more frequently detected in 

the mice transplanted with GFP+RFP+/Sox12+ HCC cells, 

compared to those transplanted with GFP+RFP-/Sox12- HCC 

cells (Figs. 5B and 5C). Together, our data suggest that 

Sox12 may be a novel marker for enriching CSCs in HCC. 

 

DISCUSSION 
 

In the current study, we analyzed Sox12 as a novel CSC 

marker for HCC. Our approach was theoretically supported
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Fig. 5. More circulated tumor cells and more tumor

formation are detected after serial adoptive transplan-

tation of Sox12+ HCC cells. (A) In order to check the

difference in cell invasion and metastasis, circulated

tumor cells were examined 2 weeks after tumor cell

implantation, by flow cytometry, based on GFP (re-

gardless of presence of RFP). A total of 100 μl of

mouse blood was taken for detection of GFP+ cells by

flow cytometry. The frequency was shown. (B, C) The

tumor formation was evaluated by bioluminescence 8

weeks after tumor implantation, in a 3-round serial

adoptive transplantation. Fifty cancer cells were iso-

lated from implanted tumor and grafted to the new

mice with the same protocol for the next round. For-

mation of tumor was monitored according to the

overall luciferase activity of in vivo formed tumor.

Frequency of developing tumor by SNU-182 cells (B)

and by HepG2 cells (C), after serial adoptive trans-

plantation. *p < 0.05. N = 20. 
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by 2recent studies. In the first study, Huang et al. showed 

that Sox12 upregulation was significantly correlated with 

loss of tumor encapsulation, microvascular invasion, and an 

advanced cancer stage in human HCC patients (Huang et al., 

2015). Mechanistically, they showed evidence to demon-

strate that forkhead box Q1 directly binds to the Sox12 

promoter and then trans-activates its expression, to induce 

epithelial-mesenchymal transition (EMT) through direct tar-

gets for Sox12, Twist1 and FGFBP1 (Huang et al., 2015). 

Since Twist (Matsuo et al., 2009; Yang et al., 2009; Zhang et 

al., 2012; 2015) and FGFBP1 (Ray et al., 2014; Yang et al., 

2014; Zhu et al., 2016) are important regulators for tumor 

invasion, angiogenesis and metastasis, Sox12 may be ex-

pected to contribute to the invasive manner for CSC cells in 

HCC. In another study, Jiang et al. showed that a tumor 

suppressive microRNA, miR-874, was downregulated in HCC 

tissue, resulting in the augmentation of Sox12 levels through 

loss of a direct binding-mediated translational control (Jiang 

et al., 2017). In a previous study, Sox12 was found to be a 

direct promoter for HCC cell migration, invasion, and EMT 

(Jiang et al., 2017). Thus, the contribution of Sox12 to the 

HCC cell stemness may be primarily on cell invasive manner, 

suggesting that combination of another CSC marker, which 

functions through cell cycle control on self-renewal, with 

Sox12, may be further improve the purification of CSC-like 

cells in HCC. This hypothesis may be tested in future study. 

Here, we used 2 lentiviruses to co-transduce the HCC cells. 

Although one cell may be only infected by one virus but not 

the other, we think that this possibility should be low, since 

the 2 viruses are of same type and similar structure (Cockrell 

and Kafri, 2007; Houghton et al., 2015; McCarron et al., 

2016). A MOI of 100 further rendered this possibility even 

lower. Moreover, the absence of RFP+GFP- cells after viral 

infection did not support this possibility. Furthermore, our 

isolation of GFP+ cells, regardless of RFP positivity, made the 

influence of this possibility to the interpretation of the data 

very limited. Together, the technique used in the current 

study should be validated. 

We chose two human HCC lines in this study, since they 

were commonly used HCC lines, but processed different 

malignancy. Analysis on both lines increased the reliability of 

the study and the results may be more applicable to primary 

HCC. Indeed, previous studies have shown the association of 

Sox12 upregulation was an independent and significant risk 

factor for recurrence and reduced survival after curative re-

section (Huang et al., 2015). Studies on more clinical HCC 

specimens may increase our confidence of Sox12 as a clinic-

relevant CSC marker. 
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