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Abstract
AIM: To establish a method for optical sections of HepG2
human hepatoblastoma cells with confocal laser scanning
microscope (CLSM) and to study the spatial structure of
filamentous actin (F-actin) in HepG2 cells.

METHODS: HepG2 cells were stained with FITC-phalloidin
that specifically binds F-actin, with propidium iodide (PI) to
the nucleus, and scanned with a CLSM to generate optically
sectioned images. A series of optical sections taken
successively at different focal levels in steps of 0.7 µm were
reconstructed with the CLSM reconstruction program.

RESULTS: CLSM images showed that the FITC-stained F-
actin was abundant microfilament bundles parallel or netted
through the whole cell and its processes. Most F-actin
microfilaments extended through the cell from one part toward
the other or run through the process. Some microfilaments
were attached to the plasma membrane, or formed a
structural bridge connecting to the neighboring cells.

CONCLUSION: A method for double labeling HepG2 human
hepatoblastoma cells and CLSM imaging F-actin microfilaments
and nuclei by image thin optical sections and spatial structure
was developed. It provides a very useful way to study the
spatial structure of F-actin.
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INTRODUCTION
Cytoskeleton, consisting of proteins, is the structural network
in cells. It closely relates to the functions of cells, such as cell
movement, cell morphology and transmenbrane signal
conduction, etc. Observation and analysis of cell F-actin with
CLSM are a precise, rapid, and simple method. This paper
aimed at using CLSM in combination with double label for
the observation and analysing of the three-dimensional structure
of cytoskeleton system in HepG2 hepatocarcinoma cells.

MATERIALS AND METHODS
Cell culture
HepG2 cells were inoculated in improved Petri dish (normal

Petri dishes with a center hole bottomed by quartz glass), with
100 mL/L BAS/RPMI-1640 as culture medium for 24-48 h in an
incubator at 37  with a 950 mL/L air/50 mL/L CO2 atmosphere.
After the dish glass was covered fully with cells, the culture
medium was poured out. The cells were rinsed with PBS twice,
and then fixed in 40 g/L paraformaldehyde for 30 min at 4 .

Specimen preparation
The above-mentioned specimens were rinsed with PBS twice,
then permeabilized for 10 min in 2 g/L Triton X-100 at room
temperature, and nonspecific background was blocked using
5 g/L BSA for a while. Specimens were then stained with 5 mg/L
FITC-phalloidin (Sigma) at room temperature for 30 min. After
that, the specimens were rinsed with PBS twice and stained
with 5 mg/L PI (Sigma), and finally rinsed twice with PBS
and a little PBS in dishes was reserved for observation. All
procedures must be performed from light.

CLSM observation and examination
Specimens were examined with an ACAS Ultima 312 CLSM
(Meridian Instruments, USA) equipped with an argon ion laser
providing simultaneous excitation at 514.5 nm, 488 nm and
351-364 nm, an output power of 50 mW for the UV and 200 mW
for the combined visible wavelengths, a high-precision mechanical
scanning stage (0.1 µm in the X-Y plane and 0.1 µm in the Z axis),
and an inverted microscope (Olympus), three photomultiplier
tubes (PMT). The availability of a variety of excitation
wavelengths on a single microscope setup offers the power
and convenience of using combinations of fluorescent probes
in a single specimen. In this experiment, the parameters were
as follows: Objective: 100×1.30 oil, Pinhole: 255 µm, X points:
270, Y point: 290, Z step: 0.7 µm, Data model: Z image, Scan
Type: Mirror, Step Size: 0.20 µm, Speed: 20 mm/s, Samples/pt:
15, Laser Power: 612 mw, Scan stress: 100%, PMT 1: 40%,
PMT 2: 40%, Z point: 15. According to the above parameters,
a series of images were collected sequentially from single
optical sections at 0.7 µm intervals (15 planes per series) using
the 488, 530 nm laser lines to excite FITC and PI, respectively.
Randomly selected regions of specimens were scanned to
image using Z-series program of CLSM. With the program
the specimens could be scanned cross-sectionally along the X,
Y, and Z axes, and serial optical sections of different layers
could be obtained without injury. Firstly, the cell top was
confirmed by prescanning, and then the specimen from top to
bottom was scanned according to Z-step to obtain optical sections
layer by layer, and each image was recorded. The images were
electronically colored. The optical sections were reconstructed
to stereoscopic images with CLSM reconstruction program.

RESULTS
The HepG2 cells stained with FITC-phalloidin and PI were
successfully labeled. There were six serial optical sections of
HepG2 cells as shown in Figure 1. The interval between two
sections was fixed at 0.7 µm. The images shown on Figure 2-
Figure 4 were all three-dimensional images obtained from
sequential optical sections, which were reconstructed with the
reconstruction program of CLSM. The HepG2 cells, having
many primary and secondary processes, were irregular in
shape. The FITC-stained F-actin filaments appeared in bundles,



which ran in parallel to the main cell axis or through cell
processes. Some microfilaments were attached to the plasma
membrane, or formed a structural bridge connecting to the
neighboring cells. When detector 1 of CLSM for 488 nm line
was on, only F-actin marked with FITC-phalloidin could be
shown (Figure 1). When both of the two detectors of CLSM
were turned on, F-actin marked with FITC-phalloidin and
the nuclei marked with PI could be shown simultaneously
(Figure 2). F-actin appeared green, the distinct nuclei appeared
red, and the region around the nuclei was overlapped by green
F-actin and red nuclei appeared yellow.

Figure 1  CLSM images of HepG2 cells stained with FITC-
phalloidin. (A: Serial optical sections (1-6) B: Three-dimensional
images of Figure 1 serial optical sections. C: Three-dimensional
images of HepG2 cells).

Figure 2  CLSM three-dimensional images of HepG2 cells by
double labeling.

DISCUSSION
Cytoskeleton, composed largely of actin filaments, is the
internal framework of a cell. It includes micro-tubes,
microfilaments and middling fibers, and is the base structure
for cell movement, cell morphology and transmembrane
signal conduction. Microfilament mainly consists of actin
participating in keeping cell pattern and tight junction between
cells. It is also related to the adhesion of the ground substance
outside the cells. Microfilament exists in the form of G-actin
when it is dissociated or exists in the form of F-actin when it is
polymerized. The change and balance of microfilament
dissociation and polymerization in normal cells are the
important regulatory factors for the movement, adhesion and
fission cycle of cells[1,2]. Cell mutation involves cytoskeletal
rearrangement and morphological alterations. As a sensitive
norm in examining the development of tumor cells at the early
stage, F-actin has been used in human mammary gland cancer
and T-lymphocyte cancer[3-5]. Our result showed that F-actin
microfilaments of HepG2 cells existed in the form of bunches
of fibers that were thick, long and dense. F-actin filaments formed
bundles running through the main cell axis or cellular processes.
The relationship between the change of microfilament
morphology and cancer occurrence in cells is still unknown.
But when microfilament’s component and distribution change,
cells cannot receive normal regulation. And it leads to the loss
of control of cell growth and propagation and to cancer occurrence.
According to some researches, the change of microfilaments
might reduce the gap junction in number and function, and the
communication function of cells, which is the main reason
why propagation ability of carcinoma cells rose up and the
ability of adherence lowered, and easily fell off[6-9]. The
mechanism underlying the morphological changes of
microfilaments in the process of cancer cells is unclear.
      In this experiment, F-actin was marked with FITC-phalliodin
and the nuclei with PI, so the cytoskeleton and nuclei could be
observed. This provides a very useful way to study the relationship
between cytoskeleton and nucleus. Compared with other
methods, such as immunohistochemistry, light microscopy or
electrical microscopy[10-12], CLSM has several advantages[13-17]:
Firstly, resolution obtained with a CLSM is better than that of
conventional microscopy because of the combination of laser
illuminator and detection pinhole. With conventional light
microscopy, the fluorescence of the entire specimen interferes
with the resolution, while CLSM allows examining the
organization of fluorescent labeled cells and tissues by
eliminating the “out-of-focus” flare of the specimen, thus
providing sharp, high-contrast images of cells and subcellular
structures within thick samples. Since images are obtained by
scanning, excessive illumination of the specimen and quick
decrease of the fluorescent signal are avoided. And light
bleaching is minimized because exposure to light is restricted
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to the area of the preparation being examined. Secondly, this
method of embedding and sectioning specimens, which are a
time-consuming and a destructive procedure, can now be
avoided. So it is quick and simple to make samples using
CLSM. Under conventional microscopy, structures present in
the tissues can be observed only after sectioning (microtome
sections). With the CLSM it is possible to obtain a number of
serial optical sections of quite thick specimens without physical
sectioning. Furthermore, serial optical sections can be collected
and displayed as digitalized images, and by using a computer,
the digitalized images obtained may be reconstructed as a
3-dimensional structure. In addition, the procedure is not
destructive for a living cell or tissue. In this experiment using
CLSM, the images of the cytoskeleton marked by the double
label technique and the stereoscopy of three-dimensional
images were very clear. As the sectioning with CLSM is not
done physically but optically, the procedure is not destructive
for an intact cell, and the process of sectioning turns simpler
and quicker and more reliable, and it can notably keep the
normal morphology and function of the cell.
       In summary, our results showed that in HepG2 cells F-actin
microfilaments existed in the form of bunches of fibers that
were thick, long and dense, and ran through the main cell axis
or cellular processes. It is suggested that F-actin may play an
important role in HepG2 cells.
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