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Abstract. Hepatocellular carcinoma (HCC), the most common 
primary tumor of the liver, has a poor prognosis, rapid 
progression. The aim of the current study was to establish a 
stable lentiviral expression vector for enhanced green fluorescent 
protein (EGFP) and to evaluate biological characteristics on 
HCC growth and migration following transfection of HCC cells 
with EGFP. McA‑RH7777 cells were transfected with EGFP 
overexpression lentiviral vector. Cell activity and mobility 
were monitored with a Cell‑IQ Analyzer. Transwell assays 
were performed to detect invasiveness and flow cytometry 
was performed for cell cycle analysis. A subcutaneous tumor 
rat model was established to analyze the stability of fluorescent 
protein expression. The result suggested no significant 
differences between wild‑type and EGFP‑overexpressing 
McA‑RH7777 cells with regards to cell proliferation, activity, 
mobility, invasiveness and cell cycle. Green fluorescence was 
detected over 108 days of culturing. The subcutaneous tumor rat 
model demonstrated that EGFP expression had no influence on 
tumor growth and long‑term expression was stable. The stable 
EGFP expression of the HCC transplanted tumor rat model 
may share biological characteristics with human liver cancer. 
The model established in the current study may be suitable for 
various applications, including research focusing on liver cancer 
metastasis and recurrence, interventional therapy, imaging 
diagnosis and drug screenings.

Introduction

Primary liver cancer (PLC), particularly hepatocellular 
carcinoma (HCC), is one of the common malignant tumors 
worldwide; ~748,000 new PLC cases were diagnosed world-
wide in 2008 (1). China has the highest incidence of liver cancer 
worldwide, 55% of all liver cancers incidences are diagnosed in 
China, and 50% of all cancer associated mortalities are patients 
with liver cancer (2).

Treatment methods for HCC include surgical excision, 
liver transplantation, interventional therapy, molecular targeted 
therapy and radiotherapy. Surgical resection of early HCC can 
result in improved clinical results compared with advanced 
HCC (3). However, as early symptoms of HCC are not readily 
apparent, the majority of liver cancer (88%) is identified in late 
stages (4). Additionally, the presence of early intrahepatic spread 
or widespread cirrhosis of the liver allows for surgical removal in 
<25% of patients following a liver cancer diagnosis (5). Current 
clinical practice for patients that do not qualify for surgery or 
whose conditions do not allow for radical resections, prioritizes 
interventional therapy, including hepatic artery chemoemboliza-
tion (6).

High metastasis and recurrence rates of HCC are major 
factors affecting prognosis (5,6). Following surgical screening, 
patients with vascular infiltration or metastasis are treated 
with embolization and effects of embolization on liver cancer 
metastasis are further addressed (7). The effects of embolization 
on inhibition or promotion of tumor metastasis and on different 
stages of liver cancer remain unknown. In addition, effects of 
metastasis on embolization efficacy and methods of improving 
curative effects of embolization while inhibiting tumor metas-
tasis remain unclear.

The majority of clinical staging is determined by clinical 
examination, test results and imaging examination (8). Tumor 
progression is a complex process involving cells, growth factors 
and their receptors, adhesion and extracellular matrix molecules, 
tumor blood vessels and the immune system (9). It is important 
to determine the staging of liver cancer accurately, as different 
stages require varying treatments and improper staging can lead 
to delayed or overtreatment (10).

Green fluorescent protein (GFP) is a low molecular weight 
protein that emits green fluorescence at 597 nm when excited at 
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488 nm. It can be fused to target proteins without affecting the 
spatial conformation or function of the gene products (11‑14). 
For the study of tumors, GFP marker genes can be used to 
determine gene expression levels and to estimate changes 
in gene quantity, in order to explore the roles and underlying 
molecular mechanisms of specific genes in tumor occurrence 
and development (15). Expression of GFP in tumor cells can 
be used to determine the initiation and progression of tumor 
metastasis (16).

The current study was designed to establish an enhanced 
(E) GFP vector and for lentivirus‑mediated transfection 
of McARH7777 cells to produce stable gene expression. 
Stable expression of GFP in a rat liver cancer model using 
EGFP‑overexpressing McA‑RH7777 cells was established to 
evaluate biological characteristics. This study aims to provide 
novel ideas for clinical diagnosis and treatment of tumors.

Materials and methods

Ethics statement. All animals were treated in accordance with 
the Guide for the Care and Use of Laboratory Animals of the 
Zhongshan Hospital of the Fudan University (Shanghai, China) 
and all experiments were approved and performed according 
to the guidelines of the Ethics Committee of the Affiliated 
Zhongshan Hospital of Fudan University (Shanghai, China). All 
surgical procedures were performed under anesthesia and every 
effort was made to minimize suffering.

Cell lines and cell culture. Liver cancer cells (McA‑RH7777) 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA; CRL‑1601) and cultured in Dulbecco's 
modified Eagle's medium (DMEM; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin and 100 µg/ml streptomycin at 37˚C and 5% CO2. 
Medium was replaced every 3 days.

Lentivirus‑mediated expression of EGFP in McA‑RH7777. 
McA‑RH7777 cells were seeded into 96‑well plates at 
3x103  cells/well. For EGFP overexpression, McA‑RH7777 
cells were transfected with lentivirus (Nanjing SenBeiJia 
Biological Technology Co., Ltd., Nanjing, China) harboring 
Lv‑pGC‑FU‑EGFP‑IRES‑puromycin (Shanghai GenePharma 
Co., Ltd., Shanghai, China) containing an EGFP overexpression 
sequence. All lentivirus transfections were performed in the 
presence of 5 µg/ml polybrene (Nanjing SenBeiJia Biological 
Technology Co., Ltd.). Following culturing in DMEM supple-
mented with 10% FBS at 37˚C in a 5% CO2 incubator for 96 h, 
transfected McA‑RH7777 cells were examined for EGFP expres-
sion under an inverted fluorescence microscope (magnification, 
x200). The number of EGFP‑positive cells was used to calculate 
the transfection efficiency. Successfully transfected McA‑RH7777 
cells (McA‑RH7777‑EGFP) were selected using puromycin 
(1 µg/ml) over 2 weeks at 37˚C in a 5% CO2 incubator. EGFP 
expression was confirmed by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) and western blot analysis. 
Untransfected McA‑RH7777 cells served as negative control.

Transwell assays. Invasiveness of McA‑RH7777 and 
McA‑RH7777‑EGFP cells was studied with Transwell assays 

(Axygen; Corning, Inc., Corning, NY, USA). Briefly, prior 
to addition of cells into Transwell chambers, membranes of 
each chamber were coated with membrane Matrigel (50 mg/l; 
dilution, 1:8; BD Biosciences Franklin Lakes, NJ, USA) for 
30 min at room temperature prior to following experiments. 
Cell suspensions (1x105 cells) prepared in serum‑free medium 
were added to the upper chambers and the lower chambers 
were filled with complete medium supplemented with 10% 
FBS. Following incubation for 24 h at 37˚C, residual cells in 
the upper chambers were wiped off with a cotton swab and 
cells that migrated to the lower surface of the membrane were 
fixed with 4% formaldehyde for 20 min at room temperature 
and stained with crystal violet for 20 min at room temperature. 
Cells were counted in five random fields using an inverted 
microscope (magnification, x200). Experiments were performed 
in triplicate. The relative invasion rate was determined as 
follows: Number of McA‑RH7777‑EGFP/number of migrated 
McA‑RH7777 x100%.

Comparison of cell viability and mobility. McA‑RH7777 and 
McA‑RH7777‑EGFP cells (1 ml) were seeded into 24‑well 
plates at 1x104/ml and were cultured at 37˚C in 5% CO2. Medium 
was replaced every 2 days. A Cell‑IQ Analyzer (Chip‑Man 
Technologies, Ltd., Tampere, Finland) was used to monitor cell 
activity and mobility every 12 h for 108 days using Cell‑IQ‑200 
Analyzer software (version IQ200; Chip‑Man Technologies, 
Ltd.).

Flow cytometry. Flow cytometry was used to analyze the cell 
cycle of McA‑RH7777‑EGFP and McA‑RH7777 cells. Cells 
(1x106) were collected (2,000 x g, 5 min, room temperature) 
following a 0.25% trypsin digest, washed with PBS and fixed 
with 70% ethanol for 12 h at 4˚C. The stationary liquid was 
removed prior to staining with RNase A (100 µl) and peridinin 
chlorophyll protein complex‑cytochrome 5‑5A (400 µl; BD 
Biosciences, Franklin Lakes, NJ) for 15 min at room temperature 
in the dark. Binding buffer (400 µl; BD Biosciences) was added 
to each sample and samples were analyzed on a flow cytometer 
and evaluated using FlowJo software (version 7.6.5; FlowJo 
LLC, Ashland, OR, USA). Each experiment was performed in 
triplicate.

Animal experiments. For tumor growth assays, McA‑RH7777 
and McA‑RH7777‑EGFP cells (2.0x106) were injected subcu-
taneously into the right scapula of male Buffalo rats (age, 
5 weeks; n=6 per group, Shanghai SIPPR‑Bk Lab Animals 
Co. Ltd., Shanghai, China). All rats had free access to food 
and water and were housed under controlled conditions (12‑h 
light/dark cycles; humidity, 60±5%; temperature, 22±3˚C). Rats 
were observed over 35 days for tumor formation, the tumor 
volume (V) was recorded every 7 days and calculated using the 
following formula: V=0.5 x length x width2. On day 35, rats were 
anesthetized by intraperitoneal injection of sodium pentobarbital 
(30 mg/kg body weight) prior to sacrificing. Tumors were used 
for EGFP detection. Tumor tissues were cut into 5‑µm slices and 
analyzed using a fluorescence microscope (magnification, x400).

Statistical analysis. Continuous variables are expressed as the 
mean ± standard deviation. Statistical significance of multiple 
groups was evaluated by one‑way analysis of variance followed 
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by Tukey's multiple comparison test and pairwise comparison 
by two‑sided Student's t‑test using GraphPad Prism software, 
version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Comparison of biological characteristics of McA‑RH7777 
and McA‑RH7777‑EGFP cells. Experimental observations 
indicate that the lentiviral vector carrying EGFP was success-
fully transfected into McA‑RH7777 cells. The established 
McA‑RH7777‑EGFP cells exhibited stable expression of EGFP 
and puromycin resistance. Cell‑IQ live cell monitoring indicated 
that McA‑RH7777‑EGFP and wild type McA‑RH7777 cells 
exhibited stable adherent growth, fusiform, polygonal character 
and no growth inhibition. Lentiviral transfection had no influ-
ence on morphology and growth of McA‑RH7777 cells (Fig. 1A). 
Following 108 days in vitro culturing, fluorescence intensity and 
expression were stable (Fig. 1B). McA‑RH7777‑EGFP exhibited 
stable expression of green fluorescence in vitro and fluorescence 
intensity was not markedly reduced in long‑term culturing.

Flow cytometry analysis further indicated no significant 
difference between McA‑RH7777 and McA‑RH7777‑EGFP 
cells with respect to the cell cycle (Fig. 2). Cell‑IQ‑200 Analyzer 

software analysis indicated no significant differences in cell 
growth (Fig. 3A) and mobility (Fig. 3B) between McA‑RH7777 
and McA‑RH7777‑EGFP cells. Transwell assays indicated 
that EGFP overexpression did not affect cell invasiveness 
(Fig. 3C and D).

Effects of EGFP expression on tumor growth and main‑
tenance of green fluorescence in vivo. McA‑RH7777 and 
McA‑RH7777‑EGFP cells were subcutaneously injected 
into rats. All animals grew subcutaneous tumors and the 
tumor formation rate was 100%. On day 35 of follow‑up, the 
tumors were collected. Tumor volumes for McA‑RH7777 and 
McA‑RH7777‑EGFP injected animals were 20,909.5±4,707.46 
and 20,392.4±3,506.3 mm3, respectively. Statistical analysis 
suggested no significant difference among the groups (Fig. 4A). 
The growth rate of the tumors was consistent between the two 
groups (Fig. 4B), suggesting that McA‑RH7777‑EGFP had no 
effect on tumor growth. Fig. 4C presents an excised tumor 
from an animal of the McA‑RH7777‑EGFP group. Following 
35 days follow‑up, the tumors were isolated from the sacrificed 
animals and tumor slices were analyzed for EGFP expres-
sion under a fluorescence microscope and expression was 
observed (Fig. 4D). GFP exhibited stable expression and no 
influence on tumor growth was suggested.

Figure 1. EGFP gene expression. (A) Morphology of McA‑RH7777 cells and McA‑RH7777 cells transfected with EGFP‑overexpressing lentivirus; images 
were recorded using Cell‑IQ real time monitors on day 108 following transfection. (B) Phase‑contrast and fluorescence microscopy images of McA‑RH7777 
and McA‑RH7777‑EGFP cells on day 108 following transfection. Scale bar, 30 µm. EGFP, enhanced green fluorescent protein. 
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Discussion

Metastasis and recurrence of HCC begins with the shedding of 
single cells from a primary lesion, making it difficult to accu-
rately trace the path that tumor cells follow (17). Fluorescence 
detection of tumor cells may aid understanding of the effects 
of various interventions on a tumor in a timely and accurate 

manner (18). In the field of malignant tumor metastasis, research 
progress has been limited due to a lack of technology to detect 
the transfer of cells. However, with the development of suitable 
optical imaging technology, it is now possible to detect tumor 
cells and gene expression accurately (19‑21).

GFP is a low molecular weight protein; its chromophore 
is formed by internal amino acid dehydrogenation cyclization 

Figure 3. Cell activity and mobility. (A) Cell growth rate and (B) comparison of cell mobility ability in McA‑RH7777 and McA‑RH7777‑EGFP cells. 
(C) Light microscope images and (D) Transwell invasion assay of McA‑RH7777 and McA‑RH7777‑EGFP cells. Scale bar, 40 µm. EGFP, enhanced green 
fluorescent protein.

Figure 2. Cell cycle analysis using flow cytometry. Flow cytometry detection of the cell cycle in (A) McA‑RH7777 and (B) McA‑RH7777‑EGFP cells. 
(C) Comparison of the cell cycles of McA‑RH7777 and McA‑RH7777‑EGFP cells. EGFP, enhanced green fluorescent protein; PerCP, peridinin‑chlorophyll.
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and oxidation, including tyrosine, glycine and serine (22‑24). 
Under blue light excitation, GFP emits green fluorescence and 
the detection is intuitive and accurate. Using a gene carrier to 
import the GFP gene into cells allows the direct observation 
of these cells under a fluorescence microscope. GFP reporter 
genes can be transfected into tumor cells, which then divide, 
grow and pass fluorescence on to next generations (25). GFP 
may be fused to other target proteins and rarely affects the 
spatial conformation and function of the gene products (26). 
GFP expression allows for quantitative analysis of gene expres-
sion, accurately reporting the location and quantity of target 
gene expression in tumor cells (27). Researchers have used GFP 
in applications, including drug evaluation and studies of tumor 
mechanisms (16).

In f luorescence‑labeling, lentiviral transfection has 
a broad spectrum of applications and high transfection 
efficiencies. Lentiviral transfection allows for stable 
fluorescent protein expression (28,29). Lee et al (30) have 
observed that retrovirus‑mediated transfection of GFP is 
able to produce stable expression in target cells in the mouse 
bodies for >3 months. Long‑term external observations have 
revealed that this model retains the biological characteristics 
of the original system while stably expressing fluorescent 
protein.

In the current study, lentiviral‑mediated transfection was 
performed to establish McA‑RH7777‑EGFP cells expressing 
EGFP in vitro over 108 days of culturing, indicating that cells 
stably expressed EGFP. In vitro experiments further suggested 

that tumor characteristics, including cell invasion and prolifera-
tion, were retained in McA‑RH7777‑EGFP cells. A rat tumor 
model established using subcutaneous injection suggested that 
the tumor formation rate was 100% and tumor growth indicated 
no significant differences between McA‑RH7777‑EGFP and 
McA‑RH7777. There was also no significant difference between 
cells with respect to proliferation and activity. In addition, on 
day 35 of growth, the tumor tissue exhibited stable expression of 
green fluorescence. In vivo and in vitro experiments confirmed 
that biological characteristics of the transfected cells were not 
significantly different compared with wild‑type cells. Within 
the chosen cancer cell line, EGFP expression provided a simple, 
intuitive and effective method to evaluate the invasion and 
metastasis of tumor cells.

The McA‑RH7777‑EGFP cell line may be used to construct 
liver cancer animal models. The dynamic process of tumor cell 
formation and growth in the evaluated system may be stable, 
continuous and yielding high efficiency, allowing for accurate 
observation using optical imaging. The system may further be 
used to evaluate the mechanism and efficacy of various targeted 
therapy drugs, to accurately reveal tumor stages and to iden-
tify and evaluate new treatment methods. Owing to the high 
visibility, stable EGFP expression provides an effective tool for 
detecting tumor cells and performing tumor molecular research.
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