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Purpose: Liver cancer stem cells (CSCs) are known to be associated with the development, 

survival, proliferation, metastasis, and recurrence of liver tumors. The aim of this study was 

to investigate the association of liver-enriched activator protein 1 (LAP1) with hepatocellular 

carcinoma (HCC) and liver CSCs (LCSCs) and explore the impact of LAP1 on LCSCs.

Materials and methods: Differences in LAP1 expression in liver cancer tissues versus 

matched para-tumoral liver tissues and LCSCs versus non-CSCs were analyzed by Western 

blotting, real-time polymerase chain reaction, immunohistochemistry, and flow cytometry. The 

effect of LAP1 on liver cancer cells was evaluated by the expression of CSC markers, onco-

sphere formation, proliferation, migration, and invasion in vitro. Cell cycle distribution and the 

number of apoptotic cells were analyzed to assess cell cycle and cell apoptosis. Furthermore, a 

mouse subcutaneous tumor implant model was established to explore the role of LAP1 in the 

development of HCC in vivo. Finally, the expression of CSC markers in paraffin-embedded 

sections was evaluated by immunofluorescence.

Results: LAP1 was weakly expressed in HCC tumors and cell lines and even weaker in LCSCs. 

LAP1 inhibited the expression of stem cell–associated genes and reduced the abilities of onco-

sphere formation, proliferation, migration, and invasion in vitro. Cell cycle assay revealed that 

LAP1 induced G1/G0 arrest. Furthermore, LAP1 decreased subcutaneous tumor-formation 

ability and the expression of CSC markers and Ki67 in vivo.

Conclusion: LAP1 suppressed the stem cell features of HCC, indicating that it possessed an 

antitumor effect in liver cancer, both in vitro and in vivo; therefore, LAP1 may prove to be a 

potential target in liver CSC-targeted therapy.

Keywords: LAP1, liver-enriched activator protein 1, hepatocellular carcinoma, HCC, liver 

cancer stem cell

Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies in the 

People’s Republic of China. Histologically, HCC is the most common type of primary 

liver cancer, accounting for 85%–90% of all primary liver cancers.1 The incidence 

of liver cancer ranks fifth, and mortality from HCC ranks third among all malignan-

cies.1–3 Although continuous progress has been made in the diagnosis and surgical 

and biological therapies of liver cancer, the overall prognosis of patients with liver 

cancer remains unsatisfactory due to recurrence, metastasis, chemoresistance, and 
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radiation resistance.4 Therefore, more efforts are required 

to explore novel and more effective treatments for liver  

cancer.

Cancer stem cells (CSCs) play important roles in the 

development, metastasis, drug resistance, and many other 

biological processes of tumors.5–7 The concept of CSCs 

was first proposed by Mackillop et al,8 who proposed that 

there may be a small number of cells in cancer that had 

similar functions as stem cells. In 1997, Bonnet and Dick9 

identified CD34+/CD38− in leukemia as CSCs. Subsequent 

research further identified CSCs in various solid tumors, 

including cancers of the breast, lung, prostate, brain, 

and pancreas.10–13 Meanwhile, many studies confirmed 

that CSCs also exist in HCC and could be enriched by 

several defined surface markers such as CD133, CD13, 

CD44, OV6, epithelial cell adhesion molecule (EpCAM), 

CD24, and CD90.6,14,15 According to the CSC theory, CSCs 

contribute to tumorigenesis, metastasis, recurrence, and 

chemoresistance through cell symmetry and asymmetric 

division;16 therefore, CSCs could be used as the target in 

tumor therapy.17,18

CCAAT/enhancer-binding protein beta (CEBPβ) – a 

liver-enriched transcription factor – contains three iso-

forms, including two liver-enriched activating protein 

isoforms, LAP1 and LAP2, and a liver-enriched inhibitory 

protein isoform called LIP.19 CEBPβ not only regulates the 

differentiation, proliferation, and survival of hepatocytes 

but also plays a critical role in inflammatory response 

and tumorigenesis.20–22 Abnormal expression of CEBPβ 

is closely associated with the malignancy of a variety of 

tumors such as glioma, Wilm’s tumor, renal cell tumor, 

and ovarian cancer.23–25 LAP1 – the longest isoform – is 

the most highly expressed isoform of CEBPβ. LAP1 is 

implicated in cancer progression. LAP1 was reported to 

repress migration and invasion of HCC cells in vitro by 

binding to the ORM2 promoter and activating its expres-

sion.26 However, little is known about the function of LAP1 

in liver CSCs (LCSCs).

In the present study, we explored the association of LAP1 

with HCC and LCSCs and the effect of LAP1 on LCSCs. 

CEBPβ and LAP1 were found to be weakly expressed in HCC 

and even weaker in LCSCs. LAP1 suppressed the expression 

of marker genes of LCSCs and reduced capacities of onco-

sphere formation, proliferation, wound healing, migration, 

and invasion in vitro. More importantly, LAP1 decreased 

subcutaneous tumorigenicity in vivo. These data suggest 

that LAP1 could be used as an indicator of the diagnosis and 

prognosis of HCC and may be developed as a target for liver 

cancer therapy in the future.

Materials and methods
Cell lines and tumor specimens
Human liver cancer cell lines Huh7, Hep3B, and HepG2 

were purchased from the American Type Culture Collection 

and stored in our laboratory. LM3 was purchased from the 

Cell Bank of the Type Culture Collection of the Chinese 

Academy of Sciences. All liver cancer cell lines were main-

tained in Dulbecco’s Modified Eagle’s Medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS; HyClone), 

100 mg/mL penicillin, and 100 U/mL streptomycin. The 

primarily cultured human liver cancer cell line CLC13 

from liver cancer samples was kindly provided by Dr Lijian 

Hui from the Chinese Academy of Sciences (Shanghai, 

People’s Republic of China).27 CLC13 cells were cultured 

in RPMI1640 (HyClone), supplemented with 10% FBS 

(Gibco), 110 µg/mL sodium pyruvate, 10 µg/mL insulin, 5.5 

µg/mL transferrin, 40 ng/mL epidermal growth factor (EGF), 

and 6.7 ng/mL sodium selenite (Gibco). The use of CLC13 

was approved by the ethical committees of Shanghai Xuhui 

District Central Hospital and Shanghai East China Hospi-

tal. Human liver cancer specimens were obtained from the 

Eastern Hepatobiliary Surgery Hospital/Institute (Shanghai, 

People’s Republic of China), with written informed consent 

from the patients and approval from the Institutional Review 

Board of Shanghai Eastern Hepatobiliary Surgery Hospital.

Western blot
Tumor cells or tumor tissues were lysed in radio immunopre-

cipitation assay buffer for Western blotting. The proteins were 

separated on 10% SDS-polyacrylamide gel electrophoresis 

(SDS-PAGE) and electrophoretically transferred onto poly-

vinylidene difluoride membranes (Millipore), which were 

then blocked in tris-buffered saline and Tween 20 (TBST) 

containing 5% defatted milk for 1 h at room temperature 

and incubated with primary antibodies overnight at 4°C with 

mouse anti-tubulin (1:10,000; Proteintech Group, Chicago, 

IL, USA) and rabbit anti-CEBPβ (1:1,000; Santa Cruz 

Biotechnology, Santa Cruz, CA, USA). After being washed 

with TBST and incubated with either horseradish peroxidase 

(HRP)-conjugated goat anti-rabbit (1:5,000; Proteintech 

Group) or HRP-conjugated goat anti-mouse (1:5,000; Pro-

teintech Group) secondary antibody, immune complexes were 

visualized by using Pierce™ enhanced chemiluminescent 

(ECL) Western Blotting Substrate (Thermo Fisher Scientific).

Quantitative real time-PCR (qRT-PCR)
Total RNA was extracted using TRIzol reagent (Invitro-

gen, Carlsbad, CA, USA), and reverse transcription was 
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undertaken using M-MLV Reverse Transcriptase (Promega, 

M530A) according to the manufacturer’s instructions. Quan-

titative PCR was conducted using LightCycler 480 (Roche) 

with SYBR Premix Ex Taq reagent (TaKaRa). All samples 

were examined in triplicate. Data were normalized to control 

samples. The primers are shown in Table S1.

hematoxylin and eosin (h&e), 
immunohistochemistry, and 
immunofluorescence staining
Paraffin-embedded HCC sections from 14 patients were 

deparaff inized with xylene and rehydrated. For H&E 

staining, the rehydrated sections were stained with H&E 

(Sigma-Aldrich). For immunohistochemical (IHC) stain-

ing, the rehydrated sections were immersed in citrate buffer 

(pH 6.0) for antigen retrieval at 121°C for 2 min and then 

cooled down to room temperature slowly. The endogenous 

peroxidase activity was blocked with 3% hydrogen peroxide 

(H
2
O

2
) for 10 min. Nonspecific binding was blocked with 1% 

bovine serum albumin for 20 min at room temperature. The 

sections were incubated with rabbit anti-CEBPβ antibodies 

(1:200; Santa Cruz Biotechnology, Santa Cruz, CA, USA) 

at 4°C overnight in a humidified chamber, then incubated 

with HRP-conjugated goat anti-rabbit antibodies (1:500; 

Proteintech Group) at 37°C for 30 min, and then detected 

with 3,3′-diaminobenzidine (DAB) (Dako, Glostrup, Den-

mark) and counterstained with Mayer’s hematoxylin solution 

(Sigma-Aldrich). Seeing that there existed differences from 

IHC staining, rabbit anti-Ki67 (1:200; Invitrogen, Carlsbad, 

CA, USA) and mouse anti-CD133 (Proteintech Group, Chi-

cago) and mouse anti-CD13 (Proteintech Group) antibodies 

were used for immunofluorescence (IF) staining. Nuclei were 

labeled with the blue fluorescent Hoechst 33342 dye.

Colony-formation assays
For colony-formation assays, 1,000 Huh7 cells or 2,000 

CLC13 cells per well were plated on six-well plates and 

cultured for 7 days. Then, cells were fixed with 4% formalde-

hyde for 10 min and stained with crystal violet solution. The 

number of clones (>50 cells) was counted microscopically.

CCK8 assays
For CCK8 assays, 1,200 Huh7 cells or 3,000 CLC13 cells 

per well were plated on 96-well plates and incubated for 

24 h. Then, 10 µL CCK8 reagent was added to each well 

and incubated for 2 h at 37°C. The optical density value was 

measured at a wavelength of 450 nm by using a microplate 

reader every day for 7 days.

Flow cytometry and cell sorting
Cells were dissociated into single cells by trypsinization 

and labeled with BV421-CD13 human antibody (301716, 

Biolegend, San Diego, CA, USA) at 4°C for 15 min. The 

concentration of the antibody used was according to the 

manufacturer’s recommendation. The stained cells were 

analyzed or collected with the FACS Calibur machine (BD 

Biosciences).

Cell cycle and cell apoptosis
Cell cycle and cell apoptosis were assessed by the Cell 

Cycle Assay Kit (CCS012, MULTI Sciences) and the 

Annexin V-APC/7-AAD Apoptosis Detection Kit (AP105, 

MULTI Sciences), respectively, following the manufacturer’s 

instructions.

sphere-formation assay
Hepatoma cells were plated on six-well ultra-low attachment 

culture plates (Corning) in DMEM/F12 supplemented with 

B27, N2, 20 ng/mL EGF and 20 ng/mL basic fibroblast growth 

factor (bFGF), and cultured in a CO
2
 incubator for 7 days. 

The number of spheroids was counted under a microscope.

For separation of oncospheres and nonsphere cells, 

we collected sphere-formation medium containing both 

nonsphere and sphere cells in a 15-mL centrifuge tube. Pel-

lets formed after 5-min tranquilization were recognized as 

spheres. The supernatant was then moved into a new centri-

fuge tube carefully and centrifuged at 1,500g for 5 min to 

obtain nonspheric pellets.

in vitro migration and invasion assays
Cell migration was assessed by wound-healing and Tran-

swell assays. For the wound-healing assay, a scratch was 

made in the center of the culture dish using a sterile 20-µL 

pipette tip before cells were fully confluent. The wound 

was observed using a bright-field microscope at 24- and 

48-h after scratching. The migration rate = (scratch widths 

before migration – scratch widths after migration)/scratch 

widths before migration ×100%. Transwell migration assay 

was conducted using 24-well Transwell Chambers without 

Matrigel (BD Biosciences) according to the manufacturer’s 

instructions. Briefly, 1×105 Huh7 cells or 1×105 CLC13 cells 

in medium with 10% FBS were added to the top chamber, 

and the medium containing 20% FBS was added to the 

bottom chamber as an attractant. After 48-h incubation, the 

migrated cells were fixed and stained with crystal violet. The 

number of migrated cells was counted in 10 fields under a 

10× objective lens.
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Transwell invasion assay was conducted using 24-well 

BioCoat Matrigel Invasion Chambers (BD Biosciences) 

according to the manufacturer’s instructions. Briefly, 4×105 

Huh7 cells in medium with 10% FBS were added to the top 

chamber, and the medium containing 20% FBS was added to 

the bottom chamber as an attractant. The remaining steps are 

the same as those described for the Transwell migration assay.

in vivo xenograft experiments
For tumor growth assays, 5×105 Huh7 cells or 1×106 CLC13 

cells were subcutaneously injected into 6-week-old male 

BALB/c nude mice. Every 3 days, tumor volume was calcu-

lated by the formula V=0.5W2L (V, volume; L, length; and W, 

width). BALB/c nude mice were obtained from the Animal 

Centre of the Chinese Academy of Medical Sciences, they 

were fed in standard pathogen-free conditions, and all animal 

experiments were in accordance with the Guide for the Care 

and Use of Laboratory Animals and were approved by the 

Institutional Animal Care and Use Committee of the Second 

Military Medical University.

statistical analysis
All data are presented as the mean±SD. Statistical methods 

were indicated in figure legends, and statistical computations 

were conducted using GraphPad Prism version 6.0. P<0.05 

was considered statistically significant; *, **, and *** indi-

cate P<0.05, P<0.01, and P<0.001, respectively.

Results
laP1 is weakly expressed in hCC
The result of an online-available HCC transcriptome data-

set (GSE62232) analysis showed that CEBPβ was weakly 

expressed in HCC tumors (Figure 1A, Student’s t-test, 

*P<0.05). In addition, qRT-PCR showed that the expres-

sion level of LAP1 mRNA in HCC tissues was significantly 

lower than that in seven pairs of matched para-tumoral liver 

tissues (Figure 1B, Student’s t-test, *P<0.05). These find-

ings were further validated by IHC staining. At the same 

time, H&E staining of the same tissue samples was done 

to confirm the pathological type of HCC (Figure 1C). The 

result showed that LAP1 was significantly downregulated in 

Figure 1 laP1 is weakly expressed in hCC.
Notes: (A) CeBPβ was weakly expressed in patients with hCC. CeBPβ expression in hCC tumor and normal liver tissues provided by Park’s cohort (gse62232) was 
analyzed. (B) LAP1 expression levels were verified in samples of patients with HCC by qRT-PCR. GAPDH served as a loading control. (C) hCC samples were assayed 
by immunohistochemical and h&e staining. scale bar: 100 µm. (D) The endogenous levels of liver-enriched activating protein and liver-enriched inhibitory protein were 
determined by Western blot using rabbit igg anti-CeBPβ (sc-150) and horseradish peroxidase-labeled anti-rabbit iggs. The α-tubulin protein level was used as a loading 
control (left panel). For each cell, three independent protein samples were analyzed, and each band was quantified and LAP1 protein expression was normalized with the 
expression level of the α-tubulin gene. Mean ± sD are represented (right panel). student’s t-test was used for statistical analysis, *P<0.05 and **P<0.01; data are shown as 
mean ± sD. Data are representative of at least three independent experiments.
Abbreviations: CeBPβ, CCaaT/enhancer binding protein beta; hCC, hepatocellular carcinoma; igg, immunoglobulin g; laP1, liver-enriched activator protein 1; qRT-
PCR, quantitative real time polymerase chain reaction.
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HCC tumor tissues as compared with para-tumoral tissues. 

Then, we measured the expression level of CEBPβ in five 

human hepatoma cell lines (Huh7, Hep3B, HepG2, LM3, 

and CLC13) and found that Huh7 and CLC13 cell lines 

contained the lowest amounts of LAP1 among these cell 

lines (Figure 1D) and, therefore, these two cell lines were 

used in our further experiments.

laP1 is weakly expressed in lCsCs
Knowing that CSCs play complex roles in the development 

and progression of cancer, we further investigated the expres-

sion of LAP1 in LCSCs. CD13 is known to be a target for 

identifying CSCs in a proportion of HCC; therefore, we 

sorted CD13+ cells from Huh7 and CLC13 HCC cell lines 

as LCSCs. Then, we tested the LAP1 expression in CD13+ 

CSCs and CD13− non-CSCs of the two cell lines and found 

that the LAP1 expression in CD13+ CSCs was significantly 

lower than that in CD13− non-CSCs (Figure 2A). Further-

more, we conducted an oncosphere experiment, and the 

results showed that LAP1 expression in CSC-enriched 

spheres was significantly lower than that in nonspheres. 

Importantly, through serial passage of Huh7 and CLC13 

sphere cells, similar observations were obtained in the fol-

lowing three generations of oncosphere assay (Figure 2B). 

Altogether, LAP1 was weakly expressed in HCC tumor 

tissues and LCSCs.
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Figure 2 laP1 is weakly expressed in liver CsC.
Notes: (A) laP1 was weakly expressed in CD13+ cells sorted from huh7 and ClC13 cells. laP1 messenger Rna (mRna) was measured by qRT-PCR. (B) laP1 was even 
more weakly expressed in oncospheres than in nonsphere tumor cells; through serial passage of huh7 and ClC13 sphere cells, similar observations were obtained in the 
first, second, third, and fourth generations of oncosphere assay. Nonsphere: Huh7 or CLC13 cells that failed to form spheres. Scale bar: 500 µm. Student’s t-test was used 
for statistical analysis, *P<0.05, **P<0.01, ***P<0.001; data are shown as mean ± sD. Data are representative of at least three independent experiments.
Abbreviations: CsC, cancer stem cells; laP1, liver-enriched activator protein 1; qRT-PCR, quantitative real time polymerase chain reaction.
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laP1 inhibits the stemness of lCsCs
To explore the function of LAP1 in HCC, we constructed 

Huh7 and CLC13 cells stably expressing LAP1 by using 

the lentivirus infection system, and an pLVX-AcGFP1-N1 

(AcGFP)-overexpressing empty vector was used as the con-

trol (Figure 3A). Notably, flow cytometric analysis revealed 

that LAP1 overexpression decreased the number of CD13+ 

liver CSCs markedly (Figure 3B). Compared with the con-

trol, the mRNA level of CSC markers CD133, CD13, and 

EpCAM was significant downregulated in both Huh7 and 

CLC13 cells infected with LAP1 (Figure 3C). Furthermore, 

sphere-formation experiments showed that LAP1 overex-

pression dramatically decreased oncosphere formation as 

compared with the AcGFP-overexpressing group (Figure 

3D). These data indicate that LAP1 overexpression sup-

pressed the stemness features of LCSCs.

laP1 suppresses the proliferation of 
hCC cell lines in vitro
Seeing that LAP1 inhibited the stemness features of LCSCs, 

we explored whether LAP1 played a critical role in the expan-

sion of HCC cell lines. We conducted CCK8 cell-proliferation 

and colony-formation assays to explore the effect of LAP1 

expression on the proliferation of HCC cells. Compared with 

the control, LAP1 overexpression suppressed the prolifera-

tion of Huh7 and CLC13 cells markedly (Figure 4A). The 

colony-formation assay showed that LAP1 overexpression 

could also markedly reduce the frequency of colony forma-

tion in Huh7 and CLC13 cells (Figure 4B and C).

To distinguish between the possibilities that LAP1 over-

expression inhibited growth or caused cell death in hepatoma 

cells, we undertook flow cytometry to quantitate the popula-

tion of apoptotic cells and cell cycle distribution. Compared 

with AcGFP overexpression, LAP1 overexpression promoted 

G1/G0 phase arrest in Huh7 and CLC13 cells (Figure 4D), 

whereas no cell apoptosis was observed in these two cell 

lines (Figure S1).

laP1 inhibits the migration and invasion 
of hCC
To explore the function of LAP1 on the migration and inva-

sion of HCC cells, wound-healing and Transwell migration 

assays were conducted. It was found that LAP1 suppressed 

the migratory ability of Huh7 and CLC13 cells efficiently 

(Figure 5A–D). The result of a Matrigel invasion assay 

showed that LAP1 suppressed the invasive ability of Huh7 

cells (Figure 5E). These findings demonstrate that LAP1 

possesses antitumor activity in HCC cells.

laP1 suppressed the tumor proliferation 
and stemness of hCC in vivo
For the in vivo tumor-formation assay, tumor formation was 

observed in nude mice injected with LAP1-transfected and 

AcGFP empty vector-transfected Huh7 and CLC13 cells. 

In addition, the tumor size and tumor volume in the LAP1 

overexpression group were significantly smaller than those in 

the AcGFP empty vector-transfected cell group. The tumor 

size was measured every 3 days and, after 1 month, the mice 

were sacrificed, and the tumors were removed and weighed 

(Figure 6A). Then, the tumors were paraffin embedded and 

IF stained. Using a rabbit CEBPβ antibody, the overexpres-

sion of LAP1 was confirmed (Figure 6B). Furthermore, the 

result showed that the intensity of CD13, CD133, and Ki67 

was obviously lower in LAP1-overexpressing CLC13 cells 

than in the control, indicating that LAP1 overexpression 

was negatively correlated with the LCSC markers CD13 

and CD133 as well as Ki67 (Figure 6C–E). Taken together, 

LAP1 overexpression inhibited xenograft tumor growth and 

stemness markedly, suggesting that LAP1 plays a tumor 

suppressor role in HCC.

Discussion
Several studies have highlighted the crucial role of CEBPβ in 

suppressing tumor features. For example, forced expression 

of CEBPβ in HepG2 hepatocarcinoma cells induced arrest of 

cells at or near the G1–S boundary.28 CEBPβ knockout mice 

developed a lymphoproliferative disorder, suggesting that 

CEBPβ inhibited the expansion of the lymphoid cell compart-

ment.29 CEBPβ was found to be expressed at a low level in 

hematological malignancies in chronic myelogenous leuke-

mia. CEBPβ played a role in the BCR/ABL of bone marrow 

progenitor cells by activating the transcription and expression 

of the downstream target gene GADD45A, thus promoting 

cell differentiation and inhibiting cell proliferation.30

However, growth arrest induced by CEBPβ is highly 

context specific because CEBPβ was found to display growth-

promoting activity in several cases. CEBPβ can function as 

a pro-oncogenic transcription factor that promotes prolifera-

tion and/or survival of some tumor cells. For example, dele-

tion of the CEBPβ gene rendered mice totally resistant to 

carcinogen-induced skin tumor development.31 Shimizu et al32 

reported that CEBPβ inhibited apoptosis and improved the 

survival rate of pancreatic cancer cells. Gardiner et al33 found 

that CEBPβ-1 overexpression increased transformation and 

upregulated the expression of the CSC marker ALDH1A1, 

leading to chemoresistance in Ewing sarcoma. Therefore, 

CEBPβ can function as a pro-oncogenic transcription factor 
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Figure 3 laP1 inhibits the stemness of liver CsCs.
Notes: (A) laP1-overexpressing huh7 cells and control huh7 cells were established. laP1-overexpressing ClC13 cells and control ClC13 cells were established (left 
panel). For each cell, three independent Rna samples were analyzed and CeBPβ mRna expression was normalized with the expression level of the GAPDH gene. Mean ± sD 
are represented (right panel). (B) CD13+ (CsC) subpopulations were detected in laP1-overexpressing huh7 and laP1-overexpressing ClC13 cells and their control cells 
by fluorescence-activated cell sorting (FACS) analysis. Results are shown as mean ± sD. (C) expression of CD13, CD133, and epCaM (stemness-associated transcription 
factors) in LAP1-overexpressing Huh7 and LAP1-overexpressing CLC13 cells, and their control cells were compared by real-time PCR. Significant downregulation in CD13, 
CD133, and epCaM mRna levels was detected in both cell lines after overexpressing laP1. Results are shown as mean ± sD. (D) laP1 overexpression causes a diminished 
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Abbreviations: CeBPβ, CCaaT/enhancer binding protein beta; CsC, cancer stem cell; epCaM, epithelial cell adhesion molecule; laP1, liver-enriched activator protein 1; 
oe, overexpression; PCR, polymerase chain reaction.
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that promotes proliferation and survival of some tumor cells. 

How it stimulates mitotic growth and why it elicits a com-

pletely opposite effect on proliferation in different cellular 

contexts are intriguing questions for future investigation.

The incidence and mortality of HCC are at the forefront of 

all malignancies.1,3 Although great progress has been made in 

the diagnosis and treatment of liver cancer, tumor recurrence 

and metastasis in patients with liver cancer remain the main 

reasons for poor prognosis.4 CSCs have some characteristics 

including self-renewal, differentiation, and the ability to form 

a new tumor.34 Studies have confirmed that CSCs may be 

responsible for cancer development, relapse, and metastasis. 

Human HCC is driven and maintained by LCSCs. Thus, tar-

geting CSCs may become a promising therapeutic strategy 

to cure deadly malignancies.

Furthermore, CEBPβ expression has been linked to a 

variety of rodent and human cancers.20 CEBPβ appears to 

play a critical role in the development of both the mammary 

gland and cancers through its involvement in the develop-

ment, differentiation, and proliferation of mammary epithe-

lial cells.35–37

LAP1 is the most highly expressed isoform of CEBPβ, 

which is a liver-enriched transcription factor involved in 

cellular metabolism, development, proliferation, and differ-

entiation. In this study, our observations were confirmed by 

Park’s cohort dataset GSE62232. We found that LAP1 was 

weakly expressed in HCC tumors and LCSCs, indicating that 

LAP1 may play a negative regulatory role in CSCs. However, 

no study has explored the function of LAP1 in LCSCs and 

other kinds of CSCs.

Ki67

A Huh7

LAP1

CD13

100 µm 100 µm 100 µm 100 µm 100 µm 100 µm

100 µm 100 µm 100 µm 100 µm 100 µm 100 µm

100 µm 100 µm 100 µm 100 µm 100 µm 100 µm

100 µm 100 µm 100 µm 100 µm 100 µm 100 µm

oe
 L

A
P

1

oe
 L

A
P

1

oe
 A

cG
FP

oe
 A

cG
FP

oe
 L

A
P

1
oe

 A
cG

FP

oe
 L

A
P

1
oe

 A
cG

FP

Hoechst 33342 Hoechst 33342Merge

Hoechst 33342 Merge

Merge

Hoechst 33342 Merge

CD133

250
oe AcGFP
oe LAP1200

150

100

50

0
0 1 2

** *
*

* *

3 4

Time (weeks)

oe AcGFP
oe LAP1

0
0

50

100

150

1 2
* * ** *

3 4

Time (weeks)

Tu
m

or
 v

ol
um

e 
(m

m
3 )

Tu
m

or
 v

ol
um

e 
(m

m
3 )

CLC13

B

D E

C

Figure 6 laP1 suppresses the tumor proliferation and stemness of hCC in vivo.
Notes: (A) laP1-overexpressing and acgFP-overexpressing huh7 cells (5×105) and laP1-overexpressing and acgFP-overexpressing ClC13 cells (1×106) were 
subcutaneously injected into BalB/c nude mice for observation of tumor growth. Tumor sizes were observed every 3 days and photographed weekly, and representative 
pictures are shown. After a 4-week tumor observation, the animals were sacrificed and tumors were removed and weighed. Growth curves of tumors over 4 weeks are 
summarized and analyzed. Results are shown as mean ± sD, n=6 for each group. (B) The xenograft from the nude mice originated from CLC13 cells were paraffin embedded 
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The self-renewal capacity of CSCs is known to be one 

of the important features for the development of cancer. To 

explore the function of LAP1 on the self-renewal capac-

ity of LCSCs, we first measured the effect of LAP1 on the 

proliferative capacity of HCC cell lines. The results showed 

that LAP1 overexpression was able to inhibit the proliferative 

capacity of HCC cells, and that LAP1 could attenuate the 

stemness of HCC. Moreover, stem cell–associated membrane 

markers can be used to measure the stemness of HCC cells. 

Knowing that CD133, CD13, and EpCAM are the most 

useful stemness biomarkers, we conducted qRT-PCR and 

IF to measure their expressions, and found that LAP1 could 

decrease the expression of CD133, CD13, and EpCAM, thus 

suggesting that LAP1 could attenuate the stemness of HCC 

and inhibit the self-renewal ability of LCSCs. Furthermore, 

the sphere-formation experiment was conducted, knowing 

that it is an important experiment to measure the self-renewal 

capacity of HCC. We found that LAP1 overexpression could 

inhibit the sphere formation of HCC in terms of the size and 

number of the spheres. According to the theory of CSCs, the 

subcutaneous tumor-formation ability is an important method 

to measure the self-renewal capacity of CSCs in mice. To 

explore the influence of LAP1 on the stemness of LCSCs, 

we transplanted HCC to the mice and built a subcutaneous 

tumor mice model. After approximately 1 month, differ-

ences between the LAP1 overexpression and control groups 

were observed. It was found that LAP1 could significantly 

inhibit the formation and growth of subcutaneous tumors; 

furthermore, when the tumors were paraffin embedded and IF 

stained, we found the intensities of CD13, CD133, and Ki67 

were obviously lower in LAP1 overexpressing CLC13 cells 

than in the control, which strongly supports the conclusion 

that LAP1 can attenuate the stemness of LCSCs and HCCs. 

At the same time, we measured other tumor biological func-

tions of LAP1 by the Transwell assay and scratch test, and 

found that LAP1 overexpression could inhibit the migration 

and invasion of HCC in vitro. Furthermore, LAP1 overex-

pression could cause cell cycle arrest in the G1/G0 phase, 

which also indicates the tumor suppressor gene function of 

this LAP1.

The above results demonstrated that LAP1 could sup-

press the self-renewal capability of LCSCs and may prove 

to be a target for eradicating LCSCs and a novel promising 

therapeutic approach for inhibiting liver cancer.

Conclusion
LAP1 was weakly expressed in HCC and LCSCs. LAP1 

could suppress the self-renewal capability of LCSCs and 

possessed a tumor-suppressive effect on HCC cells, sug-

gesting that LAP1 may serve as an optimal target in liver 

CSC-targeted therapy.
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Supplementary materials

Table S1 Real-time PCR primers used in this study

Primers Sequences

gaPDh (forward) 5′-CgaCCaCTTTgTCaagCTCa-3′
gaPDh (reverse) 5′-aggggTCTaCaTggCaaCTg-3′
CeBPβ (forward) 5′-CaagaagaCCgTggaCaagCa-3′
CeBPβ (reverse) 5′-TCCaCCTTCTTCTgCagCC-3′
CD13 (forward) 5′-CagaaTTCaaCTaCgTgTgga-3′
CD13 (reverse) 5′-aTTaaTgaTCTgTgCCCgaT-3′
CD133 (forward) 5′-CCaCCgCTCTagaTaCTgCT-3′
CD133 (reverse) 5′-aCaTCaTCgTaCaCgTCCTCC-3′ 
epCaM (forward) 5′-TgCaCTTCagaaggagaTCaCa-3′
epCaM (reverse) 5′-gTTCCCCaTTTaCTgTCaggT-3′
Abbreviations: epCaM, epithelial cell adhesion molecule; PCR, polymerase chain 
reaction.

Figure S1 after infection by laP1 and acgFP for 48 and 72 h, the cell apoptosis of huh7 and ClC13 was examined. Cell apoptosis was not observed in both cells. The 
experiments were repeated three times, and representative data are shown. each value represents the mean ± sD for triplicate samples (student’s t-test). No significance 
(P>0.05).
Abbreviations: laP1, liver-enriched activator protein 1; oe, overexpression.
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