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Abstract

AlM: To establish a novel human hepatocellular carcinoma
(HCC) cell line FHCC-98 from HCC tissue and to provide a
suitable model for studying HCC occurrence, progress and
metastasis.

METHODS: Serially passaged cells were cultured and their
morphologies were observed under light and electron
microscope. Cytogenetic study was conducted by using flow
cytometry and chromosome analysis. Expressions of tumor
markers such as a-fetoprotein (AFP), cytokeratin (CK) and
hepatoma metastasis-associated factor HAb18G/CD147 on
the FHCC-98 cells were detected by immunocytochemistry
or Western blotting. Lactic dehydrogenase (LDH) isoenzymes
were detected by polyacrylamide gel electrophoresis (PAGE).
Xenograft was performed by inoculating FHCC-98 cells into
the flanks of nude mice.

RESULTS: Morphology of FHCC-98 cells was the same as
that of other malignant cells. The expressions of the cells
were positive for HAb18G/CD147 and CK, and negative for
AFP. Its population doubling time was 21.4 h. The cell DNA
was tetraploid and the major chromosomes were triploid by
cytogenetics analysis. The tumorigenicity in nude mice was
100%. PAGE showed four bands representing LDH,, LDHs,
LDH, and LDHs.

CONCLUSION: FHCC-98 is a novel HCC cell line and an
ideal cell model for further exploring the mechanism of
hepatocellular carcinoma invasion and metastasis.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors. It ranksfifth in frequency worldwide among

all malignancies and causes 1 million deaths annually!¥, yet
its incidence is increasing steadily in various countries?4.
Epidemiology studies showed that primary liver cancer isthe
second mortality in Chind® and it accounts for 53% of all liver
cancer death worldwide®. Though with great development in
diagnosis and therapy, the prognosis of patients with HCC
remains dismal for its high rate of metastasis and recurrence.
For patients in advanced stages, the median survival is less
than 6 mo, no matter what kinds of therapy were managed*Y.
So it is urgent to further explore the mechanism of HCC
occurrence, progressand metastasis. HCC cell linesare powerful
tools. Until now, ten of human HCC cell lined'>?" have been
established, and every cell line has its own characteristics
and offers convenience for various experiments. Stability,
homogeneity and easy to culture are important parameters for
good cell lines. Here we report a new HCC cell line, which
has been maintained for five years through 500 passages.

MATERIALS AND METHODS

Patient

Tumor tissue obtained from a 39-year-old male HCC patient
who lived in northwest Chinawas used to establish acell line.
His family history of oncology was unknown, but there was
no history of hepatitis or blood transfusions. There was no
operation history. Investigations showed AST of 86 U/L, a-
fetoprotein 8 ng/mL, carcinoembryonic antigen (CEA) 2.8 ng/mL
and HBsA(g(-). In 1998, the patient complained of upper right
abdominal tender pain. A computerized-tomography
demonstrated a 10 cmx11 cm space-occupying lesion in the
right lobe of liver. A partial liver resection was performed.
Pathol ogic diagnosis confirmed HCC with middle differentiation.
The patient died of lung metastasis after 3 mo.

Primary culture

A dice portion of sample was obtained under sterile conditions
and washed by RPMI 1640 (Life Technology) 3 times and
minced with surgical blades into pieces smaller than 1 mm?,
then these pieces were put into tissue-culture flasks and
incubated at 37 ‘C and 50 mL/L CO, (Heraeus, Germany) with
RPMI 1640 medium supplemented with 100 U/mL penicillin,
100 pg/mL streptomycin and 200 mL/L FBS. One week later,
cells migration was observed and some colonies were formed.
Those colonies were detached with 2.5 g/L trypsin and pulled
into 25 cm?flasksin RPMI 1640 medium with 200 mL/L FBS.
The medium was renewed two or three times a week. After
stable growth, the same medium with 100 mL/L FBSwas used
as maintenance medium. When cells were confluent, they were
detached with 2.5 g/L trypsin and passaged at the ratio of 1:2
or 1:3. At the 80th passage (about 30 mo after the sample was
got), astable cell line was considered to be established.

Morphological observations

Cells were observed daily under an invert microscope
(Olympus). Cells coated on tissue-culture dides were washed
with PBS (pH 7.4) 3 times, then fixed with cool pure acetone
for 10 min and stained with hematoxylin and eosin (HE
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staining). For electron microscope observation, 4x10° cells
were centrifuged at 1 000 r/min for 10 min, then fixed in 30 g/L
glutaraldehyde for 30 min and embedded in paraffin and
ultra-thin sectioned. The section was observed with a JEM
2000 transmission electron microscope (JEOL)!,

Growth properties

Growth curve was analyzed by modified MTT assay!®. Cells
in exponential growth phase at 16th passage were collected.
Single-cell suspension (5x10%/mL) was added to (200 pL/well)
a24-well plate, incubated at 37 'C with 50 mL/L CO,, then
MTT (5 mg/mL) was added to the wells (20 pL/well) every
24 h for 7 consecutive days. The plate was incubated in cell
incubator for 4 h, and then the supernatants were removed and
150 yL DM SO was added into each well. After incubation for
30 min, the dye-stained liquid was removed to a 96-well plate.
Absorbency at 490 nm (Agonm) Was determined by M450 (Bio-
Rad) enzyme-linked reader. The growth curve was plotted by
half-height method.

FHCC-98 cells were incubated in another 24-well plate
(1.2x10%mL). Attachment efficiency was measured by
counting the cell number every 2 h.

Attachment efficiency=(number of cells/120 000)x100%.

To determine the cloning rate, 1.5x10? cells in suspension
in a culture medium containing 8 g/L agar were applied to a
base layer of aculture medium containing 1.7% agar. The Petri
dishwasincubated for 12d at 37 'C inahumidified atmosphere
containing 50 mL/L CO,, and colonies containing morethan 5
cells were counted.

Number of clones
150

Cloningrate = x100%

Flow cytometry

Single-cell suspensions containing 2x10° cells were treated
following the standardized protocol and cell cycleanalysiswere
performed by flow-cytometry (ELITE ESP Coulter)i.

Chromosome analysis

Cellswere cultured for 2 h in the culture medium containing
0.05 pg/mL of colcemid and trypsinized, swollen with 0.075 mol/L
K Cl solution for 15 min and fixed with methanol: acetic acid
(3:1) 3 times. Following air-drying, metaphase smears were
stained with Giemsa. Samples were observed with oil
immersion objective and photographed(®!,

Immunocytochemistry

Cells cultured on slides for 24 h were washed 3 times with
PBS and then fixed in acetone for 10 min at room temperature.
AFP and cytokeratin were detected by immunocytochemistry
using SPmethod. Thedideswereviewed under light microscope
and the degree of staining was assessed.

Western blotting

Tumor metastasis-associated factor HAb18G/CD147!%) was
detected by western blotting. Single-cell suspension (1.0x10%/mL)
was collected, and centrifuged at 800 r/min. The cell pellets
were collected and resuspended in lysis buffer of 50 mmol/L
Tris-HCI (pH 8.0), 150 mmol/L NaCl, 0.2 g/L azido sodium,
1 g/L SDS, 100 pg/mL PMSF, 10 g/L Triton X-100, 5 g/L
deoxycholic acid and protease inhibitor for 10 min on theice.
Thelyss solution was centrifuged at 16 000 g for 100 minat 4 °C
and the supernatantswere collected, and the protein concentration
was detected with Lowery’ s method. SDS-PAGE was carried
out. Western blotting was performed with secondary antibodies
coupled to horseradish peroxides and detected using ECL
reagents (Amersham, Freiburg, German).

ConA coagulation test

Single-cell suspension (5.0x10%/mL) was mixed with the same
volume of ConA and the mixture were diluted and incubated
at 37 ‘C in50 mL/L CO,for 20 min. Human embryonic lung
cell was used as contrast. Assembling reaction was observed.

Isoenzyme analysis

L DH isoenzymeswere detected by PAGE. FHCC-98 cellswere
trypsinized and 8.0x10° cells were re-suspended in sterile
saline. The cell suspension was centrifuged at 1 000 r/min for
10 min twice and then re-suspended in 0.5 mL Tris-HCI
(150 mmoal/L, pH 7.6). The sample was repeatedly frozen and
thawed at -40 ‘C and 37 C for 6 times, then centrifuged at
3000r/min4 °C for 20 min. The supernatant was stored under
-20 °C for udng. The SDS-PAGE sample buffer was 100 mmol/L
Tris-HCI (pH 6.8) supplemented with 200 mL/L glycerite and
2 g/L bromphenol blue. The sample was mixed with an equal
volume of buffer and used for PAGE. The stacking gel was
50 g/L while separation gel 60 g/L. The staining solution was
composed of oxidized NAD* (5 mg/mL), NBT (2 mg/mL),
PMS (1 mg/mL) and sodium lactate (60 g/L). The minigels
were run at aconstant voltage (100 V) for 2 h and then stained
for 1 h. The gel wasfixed in 70 mL/L acetic acid over 16 h and
photographed.

Xenograft

Ten 4-6-week-old nude mice (supplied by the animal center
of Fourth Military Medical University) of both sexes bred under
specific pathogen-free (SPF) conditions were used in the
heterotransplantation experiments. Cells (2.0x10° suspended
in medium (0.2 mL) were injected subcutaneoudly into flanks
of each mouse.

Mycoplasma detection
Mycoplasma was detected by transmission electron
microscopy.

RESULTS

Morphology

Polygonal epithdlid-like cellsin culture wereidentified to have
large nuclei and the ratio of nuclear/cytoplasmic increased.
Cells grew well at a high density (>1x10%/mL). Electron
microscopy revealed that abundant microvilli distributed on
the cell surface (Figure 1). Desmosomes and gap junction
could be seen between cells (Figure 2). Glycogen granules
were rich in cytoplasm and mitochondria were in a round
shape. Ribosome and rough endoplasmic reticulum were
moderate. Atypical nuclei were conspicuous and euchromatin
wasrich. Karyokinesisand pathologic mitosis were frequently
uncoupled.

Figure 1 Ultrastructure of FHCC-98 illustrating the clear and
abundant microvilli (Original magnification: x4 000).
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Figure 2 Desmosomes (A) and gap junction (B) between cells
(Original magnification: x30 000).

Growth kinetics

The growth curve at the sixteenth passage (Figure 3) showed
a stationary-phase at the beginning and at the end of the
experiment, the exponential growth lasted about 3 d. The
population doubling time of FHCC-98 was 21.4 h. At thetime
points of 2, 4, 6 and 8 h, the attachment efficiencies were 54.2%,
83.3%, 89.2% and 93.7%, respectively. The percentage of
colony-forming cellsin soft agar was an average of 32.6%.

1.0
0.8 1

0.6

A490 nm

0.4 r

0.2

o Y J Y Y B N
123456738

t/d

Figure 3 Growth curve of FHCC-98 cells in RPMI 1640+100
mL/LFBS at the 16th passage.

Cytogenetics studies

Chromosome analysis revealed the number of chromosomes
per cell varied from 58 to 80 with a number in the triploid of
91%. FHCC-98 cell DNA became tetraploid. 75.0% cellswere
in G, phase, while 7.0% cellswerein G, phaseand 18.0%in S
phase. The DNA index was 1.857.

Immunological characteristics
The FHCC-98 cdll linewas postivefor CK and negativefor AFP.

Western blotting

Western blotting showed that FHCC-98 was positive for
HAb18G/CD147 and the band showed a single one with
M, 61 000 (Figure 4).

w=— M, 61 000

Figure 4 Western blotting of HAb18G/CD147 on FHCC-98
cell line. Lane 1: HAb18 mAb; Lane 2: HAb18G.

ConA test

The FHCC-98 cells were coagulated in 3.91 pg/mL of ConA
while human embryonic lung cells had no response to 250 pg/mL
of ConA.

Isoenzyme analysis

PAGE analysis revealed that FHCC-98 had tumor typical
isoenzymes of LDH without LDH; (Figure 5). LDH,, LDHa,
LDH, and LDHsisoenzymes were separated to relative
activities (percentage of total LDH) of 3%, 19%, 49% and
29%, respectively.

LDHs

I LDH,
] u u “ ‘—‘l LDH,
E LDH,

Figure 5 LDH isoenzyme analysis of FHCC-98.

Xenograft

Ten days after heterotransplantation of FHCC-98 cells into
nude mice, subcutaneous tumors appeared at the sites of
inoculation and grew rapidly in size during the next 20 d.
Average tumor volumes on d 10, 14 and 30 were 42.4+17.8,
76.6+43.4, and 471.4+187.5 mm?, respectively.

Mycoplasma detection
No mycoplasma contamination was detected in FHCC-98 cells
from passages 16 and 28.

DISCUSSION

Itiswell known that heterogeneoustumors have diverse biologic
behaviors, outcomes, and responses to therapy whether in vivo
or invitro. Maignant tumors show their genetic heterogeneities,
differentiation and metastasis, which have been demonstrated
in variouskinds of tumorg®3!, and even in permanent cell lines
with different biological characteristics?2%3, Since the
establishment of the first human HCC cell linein 1963 (Chen
et al. Chin Med J, 1963; 82: 228), more than ten human HCC
cell lines have been established, most of which are positive
for either HBV, HCV or AFP, yet they differed in biological
properties. HBV isthe main viral cause of HCC in China.
Unfortunately, there are about 30% HCC patients are AFP or
HBV negative, partialy dueto the extensive necrosis of tumor
mass. Asatumor marker, AFP s sensitivity and specificity for
HCC detection depend on the diagnostic level and the cutoff
levell®l, Different detection approaches may have different
results. In thisstudy, immunocytochemical method was applied
to detect AFP and the result was consistent with that by RIA.
Up to now, human HCC cell lineswith both AFP negative and
HBV negative have been rarely reported. Fortunately, we
established aHCC cell line, which was negative for both AFP
and HBV.

FHCC-98 demonstrated the same epithelial-type
morphology as other HCC cell lines. FHCC-98 showed no
contact inhibition when the cell density was high. Asimportant
metabolic parameters of HCC, LDH4 and LDHs had high
activities, and LDH; had no, suggesting the existence of
anaerobic respiration in HCC. Hypoxia and overgrowth of
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cancerous tissue specifically repressed the activity of AFP, and
the target was c-Myc, suggesting that c-Myc regulated AFP
gene expression'®!, Such changesin LDHs might be a factor
hindering the synthesis of AFP and resulting in AFP-negative
patients. FHCC-98 may be used as a model for anti-oxidant
therapy of tumors. FHCC-98 hasits own characteristics. The
first prominent characteristic of the cell lineisits biological
properties of high concordance and little variation among
different passages including its morphology, growth kinetics,
chromosome, AFP and LDH isoenzyme; The second oneis
that its population doubling time was relatively shorter and
it grew more rapidly compared with other human HCC cell
lineg1214182023.259 'Hjgh coagulation of the cells showed that it
could proliferate rapidly without contact inhibition. The third
oneisits high tumorigenicity in nude mice. And the last one of
the cdl lineisthat it can grow in various medium cultures, such
asRPMI 1640 and DMEM with different concentrations of FBS.
In conclusion, we believe that FHCC-98 is a novel HCC
cell line and a valuable cell model for studying HCC in vitro
and in vivo, especialy for AFP- and HBV-negative HCC.
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