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Background: Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related

mortality worldwide. The poor survival may be due to tumor recurrence andmetastasis. Growing

evidence indicates that Leucine Zipper Transcription Factor-like 1 (LZTFL1) plays an important

role in tumor progression of several cancers such as lung cancer and gastric cancer.

Methods: Real-time PCR was performed to evaluate LZTFL1 expression level in HCC cell

lines and patient specimens. The relationship between LZTFL1 expression and the clinico-

pathological data of the patients was analyzed. Stable cell lines with overexpressing LZTFL1

were set-up, and the cell proliferation, migration, and invasion abilities were analyzed. The

protein expression was measured by Western blotting.

Results: Here, we found LZTFL1 expression was decreased in human HCC specimens and

HCC cell lines. Downregulation of LZTFL1 expression was correlated with tumor stage and

metastasis. The ectopic overexpression of LZTFL1 inhibited cell proliferation, migration,

invasion, and the expression of MMP9. In addition, LZTFL1 suppressed epithelial mesench-

ymal transition (EMT).

Conclusion: Taken together, our results highlight the tumor suppressive role of LZTFL1 in

HCC, suggesting that LZTFL1 may represent a potential therapeutic strategy for treating

patients with HCC.
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mesenchymal transition, EMT

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

and is the third most common cause of cancer-related mortality worldwide,1–3

representing 80–90% of all primary liver cancers. Although advances in HCC

diagnosis and treatment, HCC remains largely incurable due to the high rate of

recurrence and metastasis. The overall prognosis of HCC patients remains unsatis-

factory, with an approximately 12% survival rate at 5 years.4 Therefore, it is critical

to investigate the molecular mechanisms underlying the tumorigenesis of HCC in

order to develop effective new therapeutic targets and prognostic markers.

Leucine Zipper Transcription Factor-like 1 (LZTFL1), located in the chromo-

some region 3p21.3, was identified as the tumor suppressor in lung cancer and

gastric cancer.5–7 Wei et al showed that LZTFL1 could suppress gastric cancer cell

migration and invasion by regulating nuclear translocation of β-catenin, indicating
its tumor suppressive role.6 In lung cancer, LZTFL1 was associated with recurrence

and poor survival, whereas re-expression of LZTFL1 in lung tumor cells inhibited
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extravasation/colonization of circulating tumor cells to the

lung and inhibited tumor growth in vivo. However, the

effect of LZTFL1 in the HCC cells still needs to be

elucidated.

In this study, we aimed to investigate the function of

LZTFL1 in regulating metastasis and progression in HCC.

Our data confirmed that LZTFL1 is downregulated in HCC

and associated significantly with stage and metastasis. It was

identified that upregulation of LZTFL1 expression suppressed

cell proliferation and inhibited cell metastasis, implicating

a potential application of LZTFL1 in HCC therapy.

Materials and methods
Clinical specimens and cell lines
Seventy primary HCC specimens and fifty corresponding

adjacent non-cancerous counterparts were collected by

means of tumor resection at the First Affiliated Hospital

of Zhengzhou University (Zhengzhou, China). Tissues

were put into liquid nitrogen immediately following sur-

gery and then stored at −80 °C until use. Clinical histo-

pathological data were obtained from patient medical

records. This study was conducted in accordance with

the Declaration of Helsinki. Written informed consent

was obtained from all patients involved in the present

study. The present study was approved by the Ethics

Committee of the First Affiliated Hospital of Zhengzhou

University, Zhengzhou, China.

HCC cell lines (HepG2 and Huh7) and an immortalized

normal human hepatic cell line (LO2) were purchased from

the cell bank of Chinese Academy of Sciences and main-

tained in Dulbecco’s modified eagle medium supplemented

with 10% fetal bovine serum and 1% Penicillin-Streptomycin

at 37 °C in a 5% CO2 incubator.

RNA isolation and quantitative real-time

polymerase chain reaction
Total RNAwas extracted from cell lines or clinical specimens

using TRIzol (Invitrogen, USA) and reversely transcribed

using PrimeScript™ RT Reagent Kit (TaKaRa, Japan)

according to the manufacturer’s protocol. Quantitative real-

time PCR was subsequently performed using the Brilliant II

SYBR Green QPCR Master Mix (Agilient, USA). GAPDH

was used as an internal control as previously reported.8 The

primer sequences used were shown in Table 1. The relative

expression levels were determined by 2−ΔΔCt method.

Cell transfection and cell sorting
The LZTFL1 ORF sequence was amplified by PCR using

specific primers and cloned into the lentiviral expression

vector pWPXL (Addgene) to develop a pWPXL-LZTFL1

recombinant plasmid. Virus packaging was performed by

the co-transfection of pWPXL-LZTFL1, packaging plasmid

pSPAX2 (Addgene) and envelope plasmid pMD2.G

(Addgene) using Lipofectamine 3000 (Invitrogen, USA) in

HEK293Tcells. Viruses were harvested 48 hrs after transfec-

tion, and viral titers were determined. HepG2 and Huh7 were

infected with either recombinant lentivirus constitutively

expressing LZTFL1, or control empty vector. After 24 hrs of

transfection, the transfectants with control empty vector and

LZTFL1 expression vector were sorted by MoFlo XDP

(Beckman, USA) based on the expression of green fluores-

cent protein (GFP).

Cell proliferation assay
CCK-8 assay (Beyotime, China) was used according to

the manufacturer’s instructions. Cells were seeded in 96-

well plates at 2,000 cells/well in quintuplicate. After

24 h, 10 ml of CCK-8 was added into each well.

Subsequently, absorbance at 450 nm was measured with

a microplate reader (Bio-Rad, USA). For soft agar assays,

500 cells in growth medium mixed with 0.35% soft agar

were plated in triplicate onto a 12-well plate with a 0.5%

semi-solid agar basal layer. Fresh medium was added

every 7 days. After 2 weeks incubation at 37 °C, colonies

in the soft agar were photographed and scored under an

inverted microscope.

Table 1 Primer sequences are shown for all genes tested

Gene name Sense sequence Anti-sense sequence Product size

GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA 138bp

LZTFL1 GTTTGCACAAGCTGAGAAGTG CCACCTTCATTAAGTGGAGCAAG 174bp

MMP9 TGTACCGCTATGGTTACACTCG GGCAGGGACAGTTGCTTCT 97bp

E-cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG 119bp

Vimentin GACGCCATCAACACCGAGTT CTTTGTCGTTGGTTAGCTGGT 238bp
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Cell migration and invasion assays
The cell migration assaywas assessed using Transwell cham-

bers with a pore size of 8 μm (Corning Incorporated, USA).

2×104 cells in 200 μl serum-free DMEM were seeded in the

upper chamber and 600 μl medium supplemented with 20%

FBS was added to the lower chamber. For the matrigel

invasion assay, the Transwell chamber was coated with

matrigel (BD Biosciences, USA) according to manufac-

turer’s instructions, and followed the same protocol as for

migration assay. After incubated at 37 °C for 24 h, cells were

fixed and stained with crystal violet (0.5% in methanol) for

15 min. The migrated and invaded cells were then counted in

five randomly selected fields with an inverted microscope.

The experiment was repeated three times independently.

Western blot
Cells were washed with PBS and lysed in ice-cold RIPA

lysis buffer with protease inhibitor cocktail (Beyotime,

China) on ice for 30 mins. Lysates were separated by SDS-

PAGE electrophoresis. The proteins in gel were transferred

onto polyvinylidene difluoride membranes (Millipore,

USA). The membranes were blocked and incubated with

primary antibody against LZTFL1 (1:1,000, Abcam, USA),

MMP9(1:1,000, Abcam, USA), Vimentin (1:1,000, Abcam,

USA), E-cadherin (1:1,000, Abcam, USA) and β-actin

(1:5,000, Abcam, USA) in 4 °C overnight and then incu-

bated with goat anti-rabbit IgG-HRP secondary antibody

(1:5,000, Abcam, USA) for 1 hr at room temperature.

Protein expression as assessed using enhanced chemilumi-

nescent substrate (Pierce, USA) and exposure to chemilu-

minescent film according to manufacturer’s instructions.

Statistical analysis
Data are expressed as means ± SD. Statistical analyses were

made with SPSS 17.0 software (SPSS, Inc., Chicago, IL,

USA). All experiments were repeated at least three times.

A two-tailed Student’s t-test or ANOVAwas used to compare

differences between groups. The difference was considered

as statistically significant when the P-value is less than 0.05.

Results
LZTFL1 was downregulated in HCC and

associated significantly with stage and

metastasis
To investigate the expression of LZTFL1 in HCC, 70 HCC

specimens and 50 adjacent non-cancerous tissues were ana-

lyzed by real-time PCR. The results showed that LZTFL1

expression in HCC tissues was significantly downregulated

compared to the adjacent non-cancerous tissues (Figure 1A).
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Figure 1 LZTFL1 expression in hepatocellular carcinoma (HCC) specimens. (A) The expression of LZTFL1 in neighboring non-cancerous tissues (N, n=50) and HCC tissues

(T, n=70) was determined by real time PCR. (B) Expression of LZTFL1 in 50 paired HCC tissues and their corresponding non-cancerous tissues from the same patients were

analyzed side by side for comparison. *P<0.05, **P<0.01.
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Further, 50 paired HCC tissues and corresponding adjacent

non-cancerous tissues were analyzed, showing that there was

significant downregulation of LZTFL1 mRNA in HCC tis-

sues (Figure 1B). Moreover, the expression of LZTFL1 was

significantly correlated with tumor stage (Figure 1C) and

metastasis (Figure 1D) but not other variables such as age,

gender and differentiation.

LZTFL1 inhibited tumor cell growth

in vitro
LZTFL1 expression was downregulated in HCC cell lines

compared to the immortalized human hepatic cell line (LO2)

at mRNA and protein level (Figure 2A). In order to determine

whether LZTFL1 plays a direct role in tumorigenesis, we

generated stable cell lines that overexpress either control
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Figure 2 LZTFL1 expression in hepatocellular carcinoma (HCC) cell lines. (A) The expression of LZTFL1 in HCC cell lines (HepG2 and Huh7) and a normal human hepatic cell line

(LO2) was determined by real time PCR and western blot. (B) The expression of LZTFL1 was confirmed in HCC cells expressing LZTFL1 (LZTFL1) and empty vector (vector).
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green fluorescent protein or LZTFL1 with GFP in HepG2 and

Huh7 cells using a lentiviral transduction system. The expres-

sion of LZTFL1 was confirmed by real time PCR and western

blot (Figure 2B).We investigated the effect of LZTFL1 expres-

sion on the growth of HCC cells under adherent conditions in

monolayer cultures using CCK-8 assay and under anchorage-

independent conditions in soft agar assays. Upregulation of

LZTFL1 in HepG2 (Figure 3A) and Huh7 (Figure 3B) cells

significantly inhibited cell proliferation. We then assessed the

effect of LZTFL1 on tumor cell growth under anchorage-

independent conditions in soft agar assays. The LZTFL1 up-

expressing cells showed dramatically reduced the number of

colonies upon control cells (Figure 3C and D).

LZTFL1 inhibited cell migration, invasion

and the expression of MMP9
Metastasis is a central problem during cancer treatment. Our

result has indicated that the LZTFL1 downregulation was

significantly associated with metastasis, as cancer cell migra-

tion and invasion are the two major characteristics in the

process of metastasis, therefore we aimed to assess whether

upregulation of LZTFL1 could affect tumor migration and

invasion ability. As shown in Figure 4A and B , the migration

and invasiveness of HCC cells were dramatically reduced in

LZTFL1 over-expressing cells compared to control cells.

MMPs are a family of proteolytic enzymes involved in

many phases of cancer progression, including angiogenesis,

invasion, and metastasis.9 We found that overexpression of

LZTFL1 in HCC cells reduced the expression of MMP9, the

major member of MMPs associated with tumor metastasis,

both at mRNA and protein levels compared to controls

(Figure 4C and D ).

LZTFL1 suppressed the expression of

molecular markers associated with EMT
Epithelial mesenchymal transition (EMT) converts polarized,

immotile epithelial cells to motile invasive mesenchymal

cells.10,11 EMT has been proposed to be a potential mechanism

for cancer metastasis.12 The expression of molecular markers

associated with EMTwas detected in the immortalized human

hepatic cell line (LO2) andHCC cell lines (HepG2 and Huh7).

As shown in Figure 5A and B, LO2 cells exhibited an

increased expression of epithelial cell marker E-cadherin,

and a decreased expression of the mesenchymal marker
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Figure 4 LZTFL1 inhibited cell migration and invasion. Transwell migration and invasion assays were performed for HepG2 (A) and Huh7 (B) cells transfected with LZTFL1 and

empty vector. The expression of MMP9 was investigated in HepG2 (C) and Huh7 (D) cells transfected with LZTFL1 and empty vector. *P<0.05, **P<0.01 and ***P<0.001.
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Vimentin. On the contrary, HepG2 and Huh7 cells showed an

increased expression of Vimentin, and a decreased expression

of E-cadherin. To determine whether LZTFL1 is necessary for

HCC cell EMT, we re-expressed of LZTFL1 in HCC cell lines.

LZTFL1 overexpression decreased the expression of Vimentin

and significantly increased the expression of E-cadherin in

HepG2 (Figure 5C and D) and Huh7 cells (Figure 5E and F)

both at mRNA and protein levels.

Discussion
HCC is a lethal disease with limited therapeutic options and

a particularly poor prognosis. Although significant achieve-

ment has been made in the identification of diagnostic and

prognostic biomarkers of HCC, our knowledge of the mole-

cular mechanisms underlying HCC development and metas-

tasis is limited. In this study, we revealed that LZTFL1 was

downregulated in HCC specimens and that its expression was

strongly associated with tumor stage and metastasis. These

findings suggest that LZTFL1 has a tumor suppressive func-

tion in HCC.

Emerging evidence has demonstrated that decreased

LZTFL1 expression results in cancer development.5–7 Here,

we found that LZTFL1 is a potential prognostic marker for

HCC, because it was downregulated in HCC as compared to

adjacent noncancerous tissues and was more highly expressed

in non-metastatic than in metastatic tumors. LZTFL1 expres-

sion was significantly correlated with tumor stage and meta-

static status in HCC. The results from the in vitro assays

confirmed that LZTFL1 overexpression inhibited proliferation,

migration and invasion of HCC cells, and the expression of

MMP9, the major member of MMPs associated with tumor

metastasis.13
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Metastasis continues to be a lethal hallmark of cancer, with

most patients dying as a result of the dissemination of the

disease to other organs rather than as a consequence of the

primary tumor.14,15 Epithelial mesenchymal transition (EMT)

is essential for tumor metastasis and involves a cellular repro-

gramming process in which epithelial cells dramatically alter

their shape, exhibit increased motility and acquire

a mesenchymal phenotype.16–18 Loss of expression of epithe-

lial cell markers such as E-cadherin and over expression of

mesenchymal cell markers such as Vimentin are a major char-

acteristic of EMT and highly invasive metastatic cancers.19–23

We found that immortalized human hepatic cell line LO2 cells

exhibited an increased expression of epithelial cell marker

E-cadherin, and a decreased expression of the mesenchymal

marker Vimentin. On the contrary, HepG2 and Huh7 cells

showed an increased expression of Vimentin, and

a decreased expression of E-cadherin. Functional assay

showed that re-expression of LZTFL1 could upregulate the

expression of the epithelial cell marker E-cadherin.

Furthermore, the mesenchymal cell marker Vimentin was

downregulated in LZTFL1-overexpressing HCC cells. These

data suggest that LZTFL1 may inhibit HCC metastasis by

inhibiting the EMT.

In summary, we identified that LZTFL1 is a potential

prognostic marker for HCC and LZTFL1 inhibits cell pro-

liferation, migration, invasion and the expression of EMT

markers, suggesting its tumor suppressive role in HCC.

Therefore, this study provides new insight into the

mechanism involved in HCC progression and suggests

that LZTFL1 may act as a novel biomarker and promising

therapeutic target for HCC.
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