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Abstract

AIM To investigate alpha-fetoprotein (AFP) mRNA
expression in BEL-7404 human hepatoma cells and
the effect of L-4-oxalysine (OXL) on the expression.
METHODS Bel-7404 human hepatoma cells were
maintained in RPMI 1640 media. Human AFP cDNA
probe was labelled with digoxigenin-11-dUTP by
the random primer labelling method. The
expression of AFP mRNA in Bel-7404 cells was
determined by an in situ hybridization technique
with digoxigenin-labelled human AFP cDNA probe.
The positive intensities of AFP mRNA in cells were
analyzed by microspectrophotometer and
expressed as absorbance at 470nm. For the
experiment with OXL, cells were incubated with
various concentrations of the agent for 72h.

RESULTS Essentially all the hepatoma cells
contained AFP mRNA in the cytoplasm, although
in various amounts. The specificity of the
hybridization reaction was confirmed by control
experiments in which the use of Rnase-treated
BEL-7404 cells, non-AFP producing cells (HL-60
human leukemia cells) or a nonspecific cDNA probe
resulted in negative hybridization. When the cells were
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treated with OXL (25, 50mg/L), the content of
AFP mRNA in the cytoplasm was decreased with
the inhibition percentages of 34.3% and 70.1%,
respectively (P<0.05).

CONCLUSION AFP mRNA was expressed in BEL-
7404 human hepatoma cells and OXL suppressed
AFP mRNA expression in the cells.

INTRODUCTION

Serum alpha-fetoprotein (AFP) has been widely
detected as a marker for primary hepatocellular
carcinoma (PHC). However, the relationship
between AFP and PHC is still unclear. We found
recently that AFP directly stimulated the growth of
mouse ascites hepatoma-22 cells and inhibited the
immune responses™. It is suggested that AFP
contributesthe generation and devel opment of PHC
and is an important target of anti-hepatoma drugs
[>-7, L-4-oxalysine (OXL) is a natural product
isolated from a new species of Streptomyces roseo
viridofuscus n. sp. in China. Previous studies
indicated that OXL exhibited marked
antiproliferative activity against several animal
tumors. The antimetastatic influence of OXL was
also detected in mice bearing Lewislung carcinoma
[&-10], OX L also exhibitedimmunoregulatory activity
(111, Preliminary clinical studiessuggested that oral
treatment with OXL induced animprovement in the
symptoms of PHC patients, and no serious side
effects were observed!*4. Recently, our laboratory
also found that OXL antagonized the biological
activities of AFP*3, AFP content in human BEL -
7404 hepatoma cells and cultured media was
obviously decreased after the OXL treatment(*4,
Itisinferred that OXL has anti-AFP activities. In
thisreport, anin situ- hybridization (ISH) technique
was used to study the level of AFP mRNA
expressionin BEL-7404 human hepatomacells. The
effect of OXL on AFP mRNA expression was also
observed.

MATERIALS AND METHODS

Cell culture
A human hepatoma cell line, BEL-7404, was
maintained in RPMI| 1640 media (Gibco)
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supplemented with 10% calf serum, 100kU/L of
penicillinand 100mg/L of streptomycin, at 37°C, 5%
CO2 and 100% humidity. The RPM1 1640 media
was replaced with fresh media every three to four
days. For in vitro experiment with OXL, cellsat a
density of 5x10° cells/L were grown on circular
coverslip in each well of 24-well culture plate.
Twenty-four hourslater, various concentrations of
OXL (Department of Antibiotics of thisInstitute)
were added, and cells were again incubated for
72h. Control group contained cells alone. After
incubation, adhesive cells were directly used for
ISH assay.

Labelling of probes

The probes used in this experiment are shown
in Table 1[*51¢1, Recombinant plasmids pHAF-2
containing human AFP cDNA and phalb-7
containing humanserumabumin(HSA) cDNA werekind
gifts of Drs Yoshitake Hayashi and Kyoskuke Ohta at
Universty of Kobe, Japan. Plasmidsweregrownin bulk
in Escherichia coli- HB101, extracted by the alkaline
procedure, purified by phenol and two ethanol
preci pitations. Plasmids were digested with restrictive
enzymes (Promega). The digests were then
electrophoresedin 1% prepardtiveagarosegel sto separate
the purified inserted gene sequences from the residual
linearized plasmid band*”.

Table 1 Probes used in this experiments

Plasmids Carrier Gene Inserted Restrictive Resistance
contented enzyme

pHAF-2 pBR322 AFP 900bp Pstl+Hap Il Tetracycline

phalb-7  pBR322  Albumin 727bp PstI+Hind Il Tetracycline

A 900bp Pst I-Hap 11 fragment from the plasmid
pHAF-2 and a727bp Pst I-Hind 111 fragment from
theplasmid phalb-7 werelabelled with digoxigenin
(Dig)11-dUTP by random primer label ling method
with Dig DNA labelling kit (Boehringer
Mannheim Company) and used as AFP and
albumin probes, respectively!*®. Briefly, the
cDNA was denatured by heating for 5min at 100
‘C and then quickly chilled onice. Thefollowing
reagents were added to an Eppendorf tube onice:
4 pl freshly denatured cDNA (1 pg), 2 ul
hexanucleotide mixture, 2 pl- dNTP labelling
mixture, 11 pl- sterile water and 1 pl Klenow
enzyme, mixed and incubated at 37°C for at |east
1h (usually incubated 2h-3h). Ten ul of 2g/L yeast
tRNA (Sigma) was added and the probes were
precipitated with the addition of 4 pl of 3mol/L
NaAc (pH 5.2) and 3 volumes of 95% prechilled
ethanol (-20°C) at -70°C for at least 30min. The
supernatant was discarded by centrifugation and the

probeswere stored in 50 pl of TE (10mmol/L TrisHCI,
1mmol/L EDTA, pH 8.0) a-20°C. Theyield of labelled
probesin thisreaction was 250ng (5ng/ul). To test the
sensitivity of each probe, dot-blot hybridization was
carried out with Dig-labelled cDNA probe. The size of
the probes was 50 to 250bp as estimated by
polyacrylamidege eectrophoresis.

In situ hybridization (ISH)

ISH was done essentially according to the
procedure of Breborowicz et al*® with some
modifications. Briefly, adhesive cellswere fixed
in 4% paraformaldehyde for 5min-8min at room
temperature. The coverslips were serially
washed with the following solutions at room
temperature: 0.05mol/L Tris-buffered saline
(TBS, pH 7.2) three times, 5min each; 100mmol/
L glycine once, 15min; TBS three times, 5min
each; 0.4% Triton X100in TBS once, 15min; and
TBSthreetimes, 5min each. The coverslipswere
then treated with Img/L of proteinase K (Sigma)
in 20mmol/L Tris-HCI (pH 7.4) and 2mmol/L
CaCl2for 15min at 37°C, washed with TBS three
times for 5min each, air dried, postfixed in 4%
paraformal dehyde for 5min at room temperature,
and washed with TBS three times for 5min each.
The coverslips were finally washed with 2xSSC
(1xSSC: 150mmol/L NaCl, 15mmol/L sodium
citrate) or treated with RNase (Sigma,100mg/L
in 2xSSC) for 30min at 37C.

The hybridization mixture contained 50% deionized
formamide, 5xSSC, 10% dextran sulfate (Sigma),
5xDenhardt’ ssolution, 2% sodium dodecy! sulfate,
100mg/L of salmon sperm DNA (Sigma) denatured
at 100°C and 25mg/L-50mg/L of Dig-labelled
probe denatured at 100C. 100xDenhardt’s
solution contained 2% Ficoll 400 (Sigma), 2%
polyvinylpyrollidone (Sigma) and 2% bovineserum
albumin (BSA, Sigma). Two hundred pl of the
hybridization mixture was added to each well of
24-well plate. Cellswereincubated inahumidified
atmosphere for 18h at 37°C. The coverslips were
washed at 37°C in 4xSSC three times for 5min
each, and then sequentially immersed in 2xSSC,
1xSSC, 0.5xSSC and 0.1xSSC at 37°C for 30min
each. The coverslips were then washed in TBS
containing 1% BSA and 0.4% Triton X-100 for
30min at room temperature. Sheep anti-Dig
antibody conjugated to alkaline phosphatase (AP,
Boehringer Mannheim Company) was diluted 1:
500 with TBS containing 1% BSA and 0.4% Triton
X-100, and applied to specimens. Cells were
incubated for 2h at 37°C, then washed in buffer |
(200mmol/L Tris-HCI, 100mmol/L NaCl, 10mmol/L
MgCl2, pH 8.0) and 1 (100mmol/L Tris-HCl, 200mmol/
L NaCl, 50mmol/L MgCl2, pH 9.5), respectively, for
10min each at room temperature. Development
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reagent contained 33 pl of nitroblue tetrazolium
salt (NBT, 75 ug/L in 70% dimethylformamide)
and 25 ul of 5-bromo 4 chloro 3 indocyl phosphate
(BCIP, X-phosphate, 50 pg/L in dime
thylformamide) in 7.5ml of buffer Il. Cells were
incubated in the color solution at 37°C for up to
4hinthedark. Color development was periodically
checked and reaction was stopped by washing the
coverslips for 5min in TE at room temperature.
The coverslipswere rinsed well in distilled water,
air-dried, cleared in xylene and mounted with
glycerinjelly.

Thefollowing controlswere performed. Just before
thehybridization, cellswere incubated with 2xSSC
containing RNase 100mg/L for 30min at 37°C, then
were processed for | SH as above; Diglabelled AFP
cDNA probe was replaced by Diglabelled albumin
cDNA probe; Nonhepatoma cells (human leukemia
HL-60 cells) were incubated with hybridization
buffer containing the Diglabelled AFP cDNA probe.
The positiveintensities of AFP mRNA in hepatoma
cells were analyzed by microspectrophotometer
(Leitz MPV-3) and expressed as absorbancy at
470nm (A470).

Statistical analysis
Thedatistica significanceof differenceswaseva uated
using analysisof variance (ANOVA).

RESULTS

Detection of AFP mRNA by ISH

It was demonstrated with dot-bl ot hybridization that the
sengitivity of the Diglabelled probeswas 1.0pg. When
Diglabelled AFP cDNA probe was used, purplegrains
were present in the cytoplasm of BEL-7404 human
hepatoma cells, with fewer grains seen in cell nuclei.
The number of grainsin the cytoplasma varied, but
essentially all the hepatoma cells, including those
undergoing mitotic division, wereconsidered to contain
AFPmMRNA -(Figurel).

In order to establish the specificity of hybridization,
BEL-7404 cells were incubated with Diglabelled
albumin cDNA probe under the same hybridization
conditions. No accumulation of grainsover thecells
was observed (Figure 2). Pretreatment of BEL -
7404 cells with RNase abolished the formation of
grains. Other cell lines not producing AFP, such as
HL-60 human leukemia cells, also gave negative
results.

Influence of OXL on AFP mRNA expression in BEL-
7404 human hepatoma cells

Hepatoma cells were incubated with OXL 25,
50mg/L. Cell viability was greater than 95% using
trypan blue exclusion. Seventy-two hourslater, the
changein AFP mRNA content in hepatoma cells
during OXL treatment was determined by ISH. It

wasfound that AFPmMRNA content in hepatomacells
was significantly decreased by OXL; the effect of
higher concentration wasmoreobvious. Itissuggested
that OXL inhibitsAFPmMRNA expressionin hepatoma
cells(Table 2).

Table 2 Influence of L-4-oxalysine (OXL) on AFP mRNA
expression in BEL-7404 human hepatoma cells

Positive intensities

Treatment Concentration of AFP mRNA Inhibition
(mg/L) (A470+S) (%)

Control 0.67+0.08

OXL 25 0.44+0.062 34.3

OXL 50 0.20+0.05° 70.1

BEL-7404 human hepatoma cells (5%10° cells/L) were cultivated
for 72h in absence or presence of various concentrations of OXL.
The results were expressed as absorbance at 470nm (A470). The
percentage of inhibition was calculated in the cultures in absence
of OXL. 2P<0.05; "P<0.01.
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Figure 1 Detection of alpha-fetoprotein (AFP) mMRNA in human
BEL-7404 hepatoma cells. In A, BEL-7404 cells were hybridized in
situ with digoxigenin (Dig)-labelled AFP cDNA probes. Reaction
products were visible in almost all cells.

Figure 2 Same as in Figure 1, except that the Diglabelled albumin
cDNA was used as probes. Cells were counterstained with
hematoxylin. x400
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DISCUSSION

Various amounts of AFP were present in almost dl the
BEL-7404 hepatoma cells shown by the avidin-biotin-
peroxidasecomplex (ABC) method . Wegot thesimilar
result in our study. The specificity of the hybridization
reaction wasconfirmed by control experimentsinwhich
the use of RNase-treated BEL -7404 cells, non-AFP-
producing cellsor anonspecific cDNA proberesultedin
negative hybridization. We presume that | SH method
has the following advantages: It permitsto study the
expression of genesqualitatively and quantitatively inan
individual cell; itisnot necessary to purify RNA, fewer
instrument and equipment are needed, and only asmall
quantity of specimen is required; the samples can be
preserved for along time and can be reviewed if
necessary; it needsonly asmall amount of DNA probes;
and Dig-labelled probes cause no radioactive
contamination.

It has been known that the synthesis of AFP is
often elevated to asignificant level in association with
development of PHC. Hence, the in situ detection of
AFPmMRNA may helpin histopathologica diagnosisof
PHC which doesnot secrete AFPin amountsdetectable
by immunol ogical means. Moreover, |SH aso provides
avery useful tool for investigating the effect of some
drugs on AFP mRNA expression®”. Present results
indicated that OX L suppressed, to acertain extent, AFP
MRNA expression in hepatoma cells. Taking our
investigationonthewholg, itisstrongly inferredthat OX L
exhibitssignificant anti-AFPactivities, whichmay beone
of the mechanisms of anti-tumor action of OXL. Such
findings could a so | ead to the devel opment of new anti-
PHC drugs based on AFP target.
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