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Effect of saikosaponin, a triterpene saponin, on apoptosis in
lymphocytes: association with c-myc, p53, and bcl-2 mRNA
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1 The mechanisms involved in the apoptotic effect of saikosaponin-d, a triterpene saponin from
Bupleurum falcatum L., were studied in human CEM lymphocytes and compared with those of
dexamethasone (3 x 1077 m).

2 Saikosaponin-d (10~% to 10~> M) inhibited the serum-stimulated [*H]-thymidine incorporation in
a concentration-dependent manner. Dexamethasone also inhibited serum-stimulated [*H]-thymidine
incorporation.

3 Cell viability was unaffected by saikosaponin-d until 10~°>~10~* M. Dexamethasone significantly
reduced the number of viable cells.

4 Following saikosaponin-d (107°-10"* M) treatment, flow cytometry analysis of propidium
iodide-stained cells showed a significant increase in the percentage of cells in the apoptotic region.
Dexamethasone also significantly increased the percentage of apoptotic cells. The supravital
exposure to propidium iodide and annexin V labelling demonstrated that saikosaponin-d
(1075—-107* M) induced apoptosis as well as necrosis.

5 The apoptotic effect of saikosaponin-d (3 x 107°~10~* M) was also demonstrated by TUNEL
analysis and DNA laddering. The percentage of apoptotic cells induced by saikosaponin-d
(3x107°~107° M) was unaffected by the presence of Z-VAD-FMK, indicating that saikosaponin-d-
induced apoptosis may not be mediated by caspase activity. However, the percentage of apoptotic
cells induced by dexamethasone was significantly reduced by the presence of Z-VAD-FMK.

6 Levels of c-myc, p53, and bcl-2 mRNA were analysed by the reverse transcription-polymerase
chain reaction. Levels of c-myc and p53 mRNA were significantly increased, while the level of bcl-2
mRNA was decreased, by saikosaponin-d (107> M) treatment. Dexamethasone did not significantly
change the expression of these genes.

7 It is suggested that the apoptotic effect of saikosaponin-d may be partly mediated by increases in
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c-myc and p53 mRNA levels accompanied by a decrease in bcl-2 mRNA level.
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Introduction

Saikosaponins, triterpene saponins from the root of Bupleurum
falactum, have a common steroid-like structure and are
expected to have some steroid-related pharmacological
activities. Glucocorticoid-induced apoptosis (programmed cell
death) is a well-recognized physiological regulator of murine
T-cell number and function (Brunetti et al., 1995). Saikosapo-
nin-d (Figure 1) has been reported to have a cell type-
dependent immuno-modulatory action (Kato er al., 1995).
Thus, the apoptotic effect of saikosaponin-d was investigated
in CEM lymphocyte and compared with that of dexametha-
sone, a synthetic glucocorticoid, in this study. Saikosaponins
are reported to have a variety of therapeutic effects in
hyperlipidaemia, hepatic injury, chronic hepatitis and inflam-
mation (Ohuchi et al., 1985), and are the major components of
a Chinese herbal medicine, xiao-chai-hu-tang (Japanese name:
sho-saiko-to), a famous haematopoietic remedy in Oriental
medicine. It has been reported that the herbal medicine sho-
saiko-to and/or saikoasponins can induce apoptosis in
hepatocellular carcinoma cell lines, liver cells, a cholangio-
carcinoma cell line, a pancreatic cancer cell line, and a
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melanoma cell line (Motoo & Sawabu, 1994; Yano et al.,
1994; Kato et al., 1995; Qian et al., 1995; Zong et al., 1996). It
has also been demonstrated that the ginsenoside Rh2, one of
the ginseng saponins, also induces apoptosis of human
hepatoma cells (Park er al., 1997). Apoptosis plays a critical
role in both the normal development and the pathology of a
wide variety of tissues and is characterized by cytoplasmic
shrinkage, nuclear condensation, and DNA fragmentation
(Jacobson et al., 1997; Nagata, 1997). Initiation of apoptosis is
controlled by regulation of the balance between the death and
life signals perceived by the cell (Musci et al., 1997). In recent
years, the regulation of the cell cycle and apoptosis has
received much attention as a possible means of eliminating
excessively proliferating cells. The processes involved in
immune defense and inflammation consist of several prolif-
erative responses at the tissue and cell lineage levels. Thus,
saikosaponin-d may be useful as a new template for the
development of better immunosuppressive and anti-inflamma-
tory agents. Atherosclerosis and post-angioplastic restenosis
are characterized by abnormal accumulation of vascular
smooth muscle cells, inflammatory cells, and extracellular
matrix proteins (Lundergan er al., 1991; Ross, 1993).
Saikosaponin-d induces cell apoptosis in both lymphocytes
and vascular smooth muscle cells and thus may be useful for
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the study and treatment of the pathological changes associated
with atherosclerosis and restenosis. Yamamoto et al. (1975)
have also reported that saikosaponin-a and saikosaponin-d,
but not saikosaponin-c, have anti-inflammatory and plasma
cholesterol-lowering effects.

In the present study, the possible mechanisms involved in
the apoptotic effect of saikosaponin-d were investigated in
human CEM lymphocytes. The transmission of signals from
the plasma membrane to the nucleus involves a number of
different pathways. We have previously shown the apoptotic
effect of curcumin to be mediated by inhibition of c-myc and
bcl-2 mRNA expression (Chen & Huang, 1998) and it was
therefore of interest to investigate the effects of saikosaponin-d
on genes expression. Some proto-oncogenes, bcl-2 and c-myc,
and a tumour suppressor gene, p53, were reported to regulate
cell proliferation and/or apoptosis (Hale et al., 1996). In this
study, the molecular mechanisms involved in the apoptotic
effect of saikosaponin-d in CEM cells were investigated to
determine whether the changes of gene expression were
involved.

Methods

Measurement of DNA synthesis and cell viability

DNA synthesis was measured by uptake of [*H]-thymidine
(Watabe et al., 1984; Huang et al., 1992). Human CEM
lymphocytes, a type of lymphoblastoid leukaemia cells, were
grown in RPMI medium (supplemented with 10% v v~ foetal
calf serum (FCS), 100 ug ml~' penicillin, and 1 ug ml™!
streptomycin). Prior to all experiments, confluent cells were
rendered quiescent by culturing for 48 h (with one medium
change at 24 h) in 0.5 % v v~ ! FCS-containing medium. Then
in quiescent CEM cells (3 x 10? cells well '), 5% v v—' FCS
and the test compound were added to the medium and
incubated for another 48 h. Twenty-four hours after FCS or
test compound addition, [*H]-thymidine (1 uCi well™!) was
included in the medium. After 24 h incubation, the cells were
harvested and the [’H]-thymidine incorporated to cells was
counted.

Each experiment was performed in triplicate and repeated
five or six times. The inhibitory activity of test compound was
expressed as a percentage of the serum-stimulated control
value in the absence of test compound. The concentration
evoking 50% inhibition (ICsp) was calculated for each
experiment.

Cell viability was determined with the trypan blue dye
exclusion method. After addition of FCS or the test compound
for 48 h, cells were harvested, treated with trypan blue and the
viability was determined by cell counting using a haemocyt-
ometer.

Flow cytometric analysis

Cells, synchronized at the G, phase by serum depletion for
48 h, were washed, then incubated in fresh medium containing
5% v v~! FCS to allow the progression through the cell cycle.
At various time periods after release from the quiescent state,
cell cycle distribution was analysed by flow cytometry
(Sherwood & Schimke, 1995; Chen & Huang, 1998). After
various treatments, CEM cells (5 x 10° cells sample~') were
pelleted, washed twice with PBS (pH 7.4), and re-suspended in
ice-cold 70% v v~! ethanol at —20°C overnight. Cells were
washed with 0.4 ml phosphate-citric acid buffer (pH 7.8)
containing 50 mM Na,HPO,, 25 mM citric acid and 0.1%

Triton X-100, for 5 min and stained with 1.5 ml propidium
iodide (PI) staining buffer containing 0.1% Triton X-100,
10 mM PIPES, 100 mM NaCl, 2 mM MgCl,, 100 ug ml~!.
RNase A, 50 ug ml~' PI, for more than 30 min in the dark
before cytometric analysis. Cells were filtered on a nylon mesh
filter. The samples were analysed using FACScan and
Cellquest program (Becton Dickinson). Each experiment was
repeated five or six times.

Apoptotic cells were also detected by PI and/or annexin V
labelling as described by Boersma et al. (1996) and Zamai et
al. (1996). The double labelling was performed at 37°C by
treating cells with PI (50 ug ml~') and annexin V (2 ug ml™"')
for 2 h. The staining was then immediately analysed on a
FACScan. Annexin V is a protein that binds to phosphati-
dylserine residues, which are exposed on the cell surface of
apoptotic, but not normal, cells. In healthy cells, the
distribution of the phosphatidylserine groups in the plasma
membrane is asymmetrical such that the groups are directed
toward the inside of the cell. During apoptosis, this
asymmetry is lost, and the phosphatidylserine groups are
exposed to the exterior of the cell membrane. Annexin V
staining is therefore an established biochemical marker of
apoptosis. The partial loss of membrane integrity or
functionality is a useful criterion for distinguishing apoptotic
from necrotic and living cells.

The terminal deoxynucleotidyl transferase
(TdT)-mediated dUTP nick end labelling (TUNEL)
assay for apoptosis

Incorporation of modified nucleotides at the free 3'-OH ends
of DNA in cultured cells was modified from the method
described by Gavrieli et al. (1992). Following treatment with
the test compound, CEM cells were collected and plated on
glass slides by cytospin, then fixed with ice-cold 95% v v™!
ethanol. The slides were rehydrated in PBS and incubated in
0.3% v v~ ! H,O, in methanol for 30 min to block endogenous
peroxidase. DNA nicks were determined using an in situ cell
death detection kit (Boehringer Mannheim), then the speci-
mens were covered for 1 h at 37°C with TUNEL reaction
mixture containing enzyme solution (terminal deoxynucleoti-
dyl transferase; TdT) and label solution (modified nucleotide
mixture in reaction buffer). The reaction was terminated by
washing with PBS and the slides covered with Converter-POD
(Anti-fluorescein antibody conjugated with horse-radish
peroxidase, POD) for 30 min and visualized by using 3,3'-
diaminobenzidine for 10 min. Counterstaining was performed
using 5% w v~ ! methyl green in 0.1 M sodium acetate solution
(pH 4.0) for 2 min, the stained cells being analysed by light
microscopy. In each experiment, the negative control received
only the label solution without the enzyme solution, and the
positive control was exposed for 10 min at room temperature
to DNasel (I ugml~' in 40 mM Tris-HCl, 6 mMm MgCl,,
pH 7.5) prior to the TUNEL reaction.

DNA laddering

Cleavage of DNA into oligonucleosomal fragments, recogniz-
able as a DNA ladder when electrophoresed on an agarose gel,
is usually considered as the biochemical hallmark of apoptosis.
Following treatment with the test compound, cells (107 cells
sample ') were washed with PBS, and lysed in cell lysis buffer
containing Tris, EDTA and sodium dodecyl sulphate. After
the addition of RNase A (0.6 uml™'), the mixture was
incubated at 37°C for 30 min. Protein precipitation solution
(ammonium acetate) was added to the samples to eliminate the
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contamination of proteins and centrifuged at 2000 x g for
10 min. Cell lysates were treated with 100% isopropanol to
precipitate DNA. The DNA pellet was washed with 70% v v—!
ethanol and dissolved in DNA hydration buffer containing
Tris and EDTA. The DNA concentration was determined at
260 nm by spectrophotometry. Twenty ug DNA was electro-
phoresed on a 1% w v~' agarose gel containing 0.5 pug ml~' of
ethidium bromide. DNA fragmentation bands were photo-
graphed under UV light and analysed using an image analyser
(Winstar, Taiwan).

RT— PCR analysis of c-myc, p53 and bcl-2 mRNA
expression

The expression of c-myc, p53, and bcl-2 mRNA was
analysed by the reverse transcription-polymerase chain
reaction (RT—PCR) technique (Wang et al., 1989; Huang
et al., 1994). Prior to RNA extraction, confluent cells were
rendered quiescent by culturing for 48 h in low serum (0.5%
v v~ ! FCS) medium, then the test compound together with
5% v v~' FCS was added to the medium and incubated for
the indicated time periods. Total cellular RNA was prepared
by acid guanidinium thiocyanate extraction (Chomczynski &
Sacchi, 1987) and reverse transcribed into cDNA. Two ug of
oligo(dT) primer was added to 1 ug of total cellular RNA
and the mixture heated in a 65°C water bath for 10 min to
destroy the secondary structure. Twenty ul of reverse
transcription reaction mixture containing 1 ug of total
cellular RNA, 2 ug oligo(dT) primer, RT buffer (mM: Tris-
HCl (pH 8.3) 100, KCl 40, MgCl, 10, spermidine 0.5),
1.25 mM deoxynucleoside triphosphates (dNTPs), 4 mM
sodium pyrophosphate, 10 units of RNase inhibitor, and 5
units of AMV (avian myeloblastosis virus) reverse tran-
scriptase was incubated at 42°C for 1 h, heated to 95°C for
5min, and then quick-chilled at 4°C for 5 min. The
amounts of reverse-transcriptase products taken for PCR
amplification of the test transcripts were within the ranges of
0.5 to 5 ul. PCR was performed in a final volume of 50 ul in
1 x PCR buffer containing 0.4 uM of each 3’ and 5 primers,
and 2.5 unit of Tag DNA polymerase (HT Biotech). The
mixture was amplified for 30 cycles using a Perkin-Elmer
thermal cycler (GeneAmp PCR System 9600), using an
amplification profile of denaturation at 94°C for 45s,
annealing at 60°C for 45 s and extension at 72°C for 2 min.
Primers for c-myc, p53, and bcl-2 were used to generate 479,
371, and 235bp fragments, respectively. The GAPDH
primer (452 bp) was used as the internal standard. In each
experiment, a negative control without reverse transcriptase
was performed. Amplification products were separated by
agarose gel electrophoresis and visualized by ethidium
bromide staining. The gel was photographed using Polaroid
667 film, and the digitized images analysed using an image
analyser (Winstar, Taiwan). The signal intensity for the test
gene was normalized to their respective GAPDH signal
intensity and expressed in arbitrary units. The results were
confirmed by Northern blotting using standard methods
(Sambrook et al., 1989).

In a preliminary experiment, various aliquots taken from the
RT reaction were subjected to PCR for analysis of the test
transcripts. The amount of cDNA produced was proportional
to the inputs of the RT—PCR products over the range of 0.5 to
5 pl and thus, in subsequent experiments, the amount of cDNA
used for PCR amplification of the test transcripts was within
this linear range, in order to ensure that the amounts of cDNA
produced truly reflect the levels of mRNA in the original
samples.

Materials

Saikosaponin-d (Figure 1) was purchased from Nacalai Tesque
(Kyoto, Japan). Human CEM lymphocytes were purchased
from the American Type Culture Collection (Rockville, MD,
U.S.A.). FCS, penicillin, streptomycin, and RPMI 1640
medium were purchased from Gibco Lab. (Grand Island, NY,
U.S.A.). Thymidine [methyl-*H] (5 Ci mmol ') was purchased
from Amersham Co. (Buckinghamshire, U.K.). Dexametha-
sone (water-soluble) and 3,3’-diaminobenzidine were pur-
chased from Sigma Chemical Co. (St. Louis, MO, U.S.A.).
The in situ cell death detection kit, Converter-POD (anti-
fluorescein antibody, Fab fragment from sheep, conjugated
with horse-radish peroxidase), and annexinV-FLUOS (fluor-
escence-conjugated anticoagulant) were purchased from
Boehringer Mannheim Biochemicals (Indianapolis, IN,
U.S.A.). The DNA isolation kit was purchased from Gentra
systems, Inc. (Research Triangle Park, NC, U.S.A.). AMV
reverse transcriptase and Taq DNA polymerase were
purchased from HT Biotech. Ltd. (Cambridge, U.K.). Primer
for bcl-2 (235 bp) was purchased from Maxim Biotech, Inc.
(So. San Francisco, CA, U.S.A.). Primers for c-myc (479 bp),
p53 (371 bp), and GAPDH (452 bp) were purchased from
Clontech Lab., Inc. (Palo Alto, CA, U.S.A.). Z-VAD-FMK,
the caspase inhibitor, was purchased from Calbiochem (San
Diego, CA, U.S.A.).

Statistical analysis

The data are expressed as mean +s.e.mean. P values less than
0.05 were considered to be statistically significant (ANOVA
and Student’s 7-test).

Results
Effect on DNA synthesis

DNA synthesis was studied by incorporation of [*H]-
thymidine into cellular DNA. The control value for serum-
stimulated [*H]-thymidine incorporation in CEM cells (3 x 10°
cells well™!) in the absence of test compound was 9205 +945
c.p.m. well™'. Exposure of CEM cells to saikosaponin-d
(1078-107° ™) for 48 h significantly inhibited serum-stimu-
lated [*H]-thymidine incorporation in a concentration-depen-
dent manner (n=15) (Figure 2). The ICs, value of saikosaponin-
d was 3.1+0.4 x 10~° M and the maximal inhibition value was
100.0+0.0% at 107> M (n=15). In this study, dexamethasone

(3B, 40, 160c1)-13, 28-Epoxy-16, 23-dihydroxyolean-
11-en-3-yl 6-deoxy-3-0-B-D-glucopyranosyl-
B-D-galactopyranoside
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Figure 1 Structure of saikosaponin-d.

British Journal of Pharmacology, vol 131 (7)



1288 M.-J. Hsu et al

Saikosaponin effect on apoptosis

(3x 1077 M) inhibited the serum-stimulated [*H]-thymidine
incorporation by 93.0+3.3% (Figure 2) (n=5).

Cell viability

Cell viability, determined by trypan blue dye exclusion
method, was not affected by 107° M saikosaponin-d (n=75)
(Figure 3) and the number of viable cells was greater than the
basal value (2 x 10° cells). However, in the concentration range
of 107 to 10~* M, saikosaponin-d significantly reduced cell
viability (n=35). In this study, dexamethasone (3 x 10~7 M) also
significantly reduced the numbers of viable cells (n=Y5).

Apoptosis

Cell apoptosis in CEM cells was induced by saikosaponin-d
(3% 107°~10~* M) treatment for 24 and 48 h. Some shrunken
cells, condensed chromatin and blebbed apoptotic bodies were
observed. Some surviving cells also showed a certain degree of
morphological change, such as having an elongated and
bipolar appearance. The induced apoptosis was then char-
acterized by flow cytometry, TUNEL analysis, and DNA
laddering.

Flow cytometry analysis

The percentage of apoptotic CEM cells following test
compound treatment was further analysed by flow cytometry
(Figure 4). Prior to experiments, cells were synchronized at the
Gy phase in the basal condition after 48 h of serum depletion,
then the synchronized cells were stimulated with serum to
allow progression through the cell cycle. Cells were stained
with PI and analysed by flow cytometry. Figure 4 shows the
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Figure 2 Effects of saikosaponin-d on DNA synthesis in CEM cells.
DNA synthesis was measured by uptake of [*H]-thymidine. The
control value for serum-induced [*H]-thymidine incorporation in the
absence of test compound was 9205+945 cp.m. well”!. The
inhibitory activity of the test compound is expressed as a percentage
of the control value (% of control). Each point with vertical line
represents the mean and s.e. mean (n=>5).

concentration- and time-dependent effects of saikosaponin-d
in inducing apoptosis. The percentage of cells in the apoptotic
region (Ap, sub-G,/G, peak, subdiploid peak) was significantly
increased following 3x 107 M saikosaponin-d treatment
(48 h) from 1.1+0.32 to 5.1+0.6% (Figure 4) (n=3). At
107> M (48 h), saikosaponin-d increased the cells in the
apoptotic region to 22.2+1.9% (n=3). In this study,
3x 1077 M dexamethasone (48 h) also significantly increased
the percentage of cells in the apoptotic region to 11.5+0.8%
(n=6) (Figure 4).

We also used supravital exposure to PI and annexin V
labelling for the detection of apoptosis. As compared to the
untreated cells (Figure 5a), the cells treated with saikosaponin-
d 3x107° M (Figure 5b) and 10~° M (Figure 5c¢) showed a
high proportion of annexin V* and displayed two levels of
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Figure 3 Effect of saikosaponin-d on CEM cell viability. Quiescent
CEM cells (basal level, 2x10° cells) were stimulated with serum.
After addition of serum for 48 h in the absence (control level) or
presence of test compound, the cells were harvested and their
viabilities were examined by trypan blue dye exclusion test. The
number of viable cells was estimated using a haemocytometer. Each
column represents the mean+s.e.mean (n=>5). *P<0.05, compared
to the cell number in control group without saikosaponin-d and
dexamethasone treatment (control level).
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Figure 4 Effect of saikosaponin-d on the percentage of apoptotic
CEM cells. Quiescent CEM cells were stimulated by serum in the
absence or presence of test compound for the indicated time periods.
The percentage of apoptotic cells untreated (control) and treated with
saikosaponin-d for 12, 24 or 48 h was analysed by flow cytometric
analysis of PI-stained cells as described in Methods. The effect of test
compound was compared to that of 3 x 10~7 M dexamethasone. Each
column represents the mean+s.e.mean (n=3 ~ 6). #P<0.05, when
compared to the control value (without test compound) for 12 h
treatment. + P <0.05, when compared to the control value (without
test compound) for 24 h treatment. *P <0.05, when compared to the
control value (without test compound) for 48 h treatment.
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labelling: the annexin V* cells remained Pl (lower right
quadrant), corresponding to the early apoptotic cells, and the
annexin V™PI™ cells (upper right quadrant), corresponding to
the advanced apoptotic cells and/or necrotic cells. Thus, our
results demonstrated that saikosaponin-d at 3x107°M
induced cell apoptosis, while at 107> M it markedly induced
cell necrosis. Dexamethasone at 3 x 10~7 M also induced cell
apoptosis as evidenced by the increased number of annexin
VPl -labelled cells (Figure 5d).

TUNEL assay

The TUNEL procedure stains nuclei that contain nicked
DNA, a characteristic exhibited by cells in the early stages of
apoptotic cell death (Figure 6). Untreated (Figure 6d) or cells
treated with saikosaponin-d 107° M (Figure 6a) were almost
negative for TUNEL staining, with only 1.6+0.2and 3+0.1%
of TUNEL-positive cells respectively. These cells with nuclei
not stained with TUNEL (TUNEL-negative, green-coloured)
were visualized by counterstaining with methyl green. In
contrast, following 48 h treatment with 10~° (Figure 6b) or
10~* ™ (Figure 6¢c) saikosaponin-d, a large number of
TUNEL-positive (brown) cells (53+1.01 and 100%, n=3, for
1073 and 10~* M, respectively) were seen, the stain being
localized in the nuclei. TUNEL-positive cells (21 +2.2%) were
also seen following 3x 1077 M dexamethasone treatment
(n=3) (Figure 6e).
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Figure 5 Contour diagram of annexin V/PI flow cytometry of CEM
cells. CEM cells untreated (a), or treated with saikosaponin-d,
3x107% M (b) or 107> M (c), or 3x 10~7 M dexamethasone (d) were
performed PI and annexin V labelling as described in the Methods.
The lower left quadrant of each panel (LL, annexin V™ PI™) shows
the viable cells, which exclude PI and are negative for annexin V
binding. The lower right quadrant (LR, annexin V" PI™) represents
the early apoptotic cells, annexin V positive and PI negative,
demonstrating cytoplasmic membrane integrity. The upper right
quadrant (UR, annexin V*PI") contains advanced apoptotic cells
and necrotic cells, which are positive for annexin V binding and for
PI uptake. The percentages of cells in these three quadrants were
calculated from four experiments and were summarized as shown in
the table.

DNA laddering

Degradation of DNA into a specific fragmentation pattern is a
characteristic feature of apoptosis. In contrast to the random
fragmentation associated with necrosis, apoptosis-associated
DNA fragmentation is characterized by cleavage of the DNA
at regular intervals, visualized on agarose gel electrophoresis as
a DNA ladder consisting of multimers of approximately 200
base pairs. After 48 h exposure to saikosaponin-d or
dexamethasone, the genomic DNA from CEM cells was
subjected to agarose gel electrophoresis (n=3) (Figure 7) and
a clear DNA fragmentation ladder was seen in samples from
the cells treated with 10~* M saikosaponin-d (n=3) (Figure 7,
lane 4); this effect was much less apparent in cells treated with
3x107° 10~ M saikosaponin-d or 3 x 107 M dexamethasone
(n=3) (Figure 7, lanes 3 and 5 for 10~° M saikosaponin-d and
3x 1077 M dexamethasone, respectively). No fragmentation
pattern was seen in untreated or 10~°M saikosaponin-d-
treated cells (n=23) (Figure 7, lanes 1 and 2).

Effect of caspase inhibitor

Saikosaponin-d- or dexamethasone-induced apoptosis of
CEM cells in the absence or presence of a caspase inhibitor
were further analysed by flow cytometry with supravital
exposure to PI and annexin V labelling. The percentage of
apoptotic cells induced by saikosaponin-d (3 x 107¢—107° ™M)
was unaffected by the presence of Z-VAD-FMK (107 ™M), a
cell-permeable fluoromethylketone inhibitor of caspase
(5.64+0.9 vs 5.14+0.9% for 3x 10~° M saikosaponin-d, n=6).
However, the percentage of apoptotic cells induced by
dexamethasone (3 x 1077 M, 24 h) was significantly reduced
by the presence of Z-VAD-FMK (10=* M) (45.0+11.1%
reduction, n=0).

Effects on c-myc, p53, and bcl-2 mRNA expression

The c-myc, p53, and bcl-2 mRNA levels in serum-stimulated
CEM cells, either untreated or treated with test compound,
were measured using the RT—PCR technique. The signal
intensities for the test genes and GAPDH were quantified
using an image analyser, and the changes in the signal intensity
of the test genes relative to GAPDH are shown in Figure 8. All
three genes were expressed in CEM cells in the presence of
serum. In a preliminary experiment, the effect of saikosaponin-
d on the expression of c-myc and p53 mRNA was found to be
maximal at 12 h and changes in levels were therefore analysed
at this time-point in subsequent studies. After addition of
saikosaponin-d (1073 M), the level of c-myc mRNA was
significantly increased (3.5+0.8 fold increase, n=23) (lane 2),
as was the level of p53 mRNA (6.1+1.1 fold increase, n=23)
(lane 5), while the level of bcl-2 mRNA was significantly
reduced (0.73+0.03 fold inhibition, n=3) (lane 8). Dexa-
methasone (3 x 1077 M) increased the p53 mRNA level and
reduced that for c-myc and for bc/-2 mRNA (lanes 3, 6 and 9);
however, the changes did not achieve significance. The effects
of saikosaponin-d on the mRNA levels were then confirmed by
Northern blotting.

Discussion

The present results demonstrate, for the first time, that
saikosaponin-d inhibits DNA synthesis and induces cell
apoptosis in human CEM lymphocytes. Saikosaponin-d is
one of the active triterpenes in Bupleurum falcatum L.
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Saikosaponin-d has been reported to have a cell type- decreases the spleen cell proliferative response to T cell
dependent immuno-modulatory action (Kato et al., 1995). mitogens, but increases the response to B cell mitogens (Ushio
Saikoasponin-d, which itself has no mitogenic activity, & Abe, 1991). These authors also demonstrated that

Figure 6 TUNEL analysis of CEM cells. CEM cells treated with (a) 107%m saikosaponin-d, (b) 107> M saikosaponin-d, (c) 107%m
saikosaponin-d, (d) control, untreated with test compound, or (e) treated with 3x 1077 M dexamethasone were taken through the TUNEL
procedure. TUNEL-positive cells were visualized using a peroxidase-substrate system as having brown nuclei. The green-blue nuclei as counter-
stained with methyl green indicate TUNEL-negative. Few nuclei in untreated cells were positively labelled for DNA fragmentation, while a large
proportion of the nuclei in 107> and 10™* M saikosaponin-d-treated cells or 3x 10~’ M dexamethasone-treated cells were TUNEL-positive.
Bar=12 um. Similar results were obtained in three independent experiments.
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Figure 7 Electrophoresis of fragmented DNA in CEM cells.
Genomic DNA was isolated from untreated (control) cells and cells
treated with saikosaponin-d or dexamethasone for 48 h. DNA
fragmentation was evaluated by electrophoresis on agarose gel
containing ethidium bromide and photographed under UV light.
The DNA ladder was detected in cells treated with 10> or 10™* M
saikosaponin-d. The effect of test compound was compared to that of
3% 1077 M dexamethasone. Lane M, ¢X174/Haelll DNA size
marker; lane 1, untreated control; lane 2, treated with 107 ™
saikosaponin-d; lane 3, treated with 107> M saikosaponin-d; lane 4,
treated with 1074 M saikosaponin-d; lane 5, treated with 3 x 107" M
dexamethasone. Similar results were obtained in three independent
experiments.

saikosaponin-d may stimulate, in vivo, lymphocyte functions,
partly by activating certain macrophage functions (Ushio et
al., 1991). Saikosaponin-a and -d are also reported to have
both cholesterol-lowering and anti-inflammatory effects
(Yamamoto et al., 1975). The increase in plasma levels of
cholesterol and triglycerides by cholesterol feeding is reduced
by saikosaponins (Yamamoto et al., 1975). Atherosclerosis
and post-angioplastic restenosis are characterized by abnormal
accumulation of vascular smooth muscle cells, inflammatory
cells, and extracellular matrix proteins (Lundergan et al., 1991;
Ross, 1993). The proliferative responses of both vascular
smooth muscle cells and mononuclear cells are important in
the pathogenesis of atherosclerosis and restenosis. Consistent
with the results observed in CEM lymphocytes, we found that
saikosaponin-d also inhibited DNA synthesis and induced cell
apoptosis in both human peripheral blood mononuclear cells
and A7r5 vascular smooth muscle cell line (data not shown).
Thus, saikosaponin-d may also be useful in the study and
treatment of atherosclerosis and restenosis. In addition to cell
apoptosis, saikosaponin-d at the higher concentration
(1073 M) induced necrosis, as demonstrated by the positive
annexin V and PI staining.

Apoptosis, a form of programmed cell death involved in
tissue morphogenesis and homeostasis, is characterized by
cytoplasmic shrinkage, nuclear condensation and DNA
fragmentation. In addition to inhibiting the DNA synthesis,
saikosaponin-d (3 x 107°~10~* M) induced cell apoptosis in
CEM lymphocytes, as demonstrated by flow cytometry,
TUNEL staining, and DNA laddering. The saikosaponin-d-
induced apoptosis may, in part, contribute to the reduction of
[*H]-thymidine incorporation at the higher concentration.
Recent evidence suggests that the failure of cells to undergo
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Figure 8 Effects of saikosaponin-d on c-myc, p53, and bcl-2 mRNA
levels in CEM cells. Quiescent CEM cells were stimulated by serum
in the absence or presence of test compound for 12 h. The serum-
stimulated test gene mRINA levels in cells untreated or treated with
either 107> M saikosaponin-d or 3x 107’ M dexamethasone were
analysed by RT—PCR amplification as described in the Methods.
Amplification products were separated by agarose gel electrophoresis
and visualized by ethidium bromide staining. The signal intensities of
test genes and GAPDH were quantified using image analyser, and the
changes in the signal intensities of the test genes relative to GAPDH
were calculated. Results are expressed as percentages of the control
level without test compound (% of control) (bottom of figure) (n=3);
the corresponding electrophoretic patterns of PCR products are
shown at the top of each panel. Lane M, ¢ X174/Haelll DNA size
marker; lane 1, 4, 7, control without test compound; lane 2, 5, 8,
107> ™ saikosaponin-d-treated; lane 3, 6, 9, 3 x 10~7 M dexametha-
sone-treated. c-myc mRNA level: lane 1, 2, 3; p53 mRNA level: lane
4, 5, 6; bel-2 mRNA level: lane 7, 8, 9; lane N, negative control, no
RT. Each column represents the mean+s.e.mean (n=3). *P<0.05,
when compared to the control value without test compound.

apoptotic cell death may be involved in the pathogenesis of a
variety of human diseases, including cancer, autoimmune
diseases, and viral infections. Specific therapies designed to
enhance or decrease the susceptibility of individual cell types to
undergo apoptosis could form the basis for treatment of a
variety of human diseases (Thompson, 1995).

The immunoregulatory action of saikosaponin-d has been
demonstrated by Kato et al. (1994), who showed that
saikosaponin-d uniquely modulates T lymphocyte function
and that at least one target for the action of saikosaponin-d is
located at, or before, the step of c-fos gene transcription, and
following T-cell receptor/CD3-mediated protein tyrosine
kinase activation. We have previously reported that the
apoptotic effect of curcumin, a plant phenol, may partly be
mediated by a reduction in c-myc and bcl-2 mRNA expression
(Chen & Huang, 1998). Some oncogenes and oncosuppressor
genes play a major role in cell cycle progression and cell
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apoptosis. The signals that induce apoptosis are varied, and
the same signals can induce differentiation and proliferation in
other situations. Some genes with established roles in the
regulation of proliferation and differentiation are also
important in controlling apoptosis. Several of these are
proto-oncogene, €.g. c-myc, Oor tumour suppressor gene, .g.
p53. However, some pathways appear to be of particular
significance in the control of cell death. One of these is the gene
family related to the proto-oncogene, bcl-2 (Hale et al., 1996).
We examined the effect of saikosaponin-d on c-myc, p53, and
bcl-2 gene expression by measuring the mRNA levels using the
RT-PCR technique. Levels of c-myc and p53 mRNA were
significantly increased and the level of bcl-2 mRNA
significantly decreased in the presence of saikosaponin-d
(1073 M). Thus, alteration in gene expression may partly
contribute to the apoptotic effect of saikosaponin-d. However,
the changes of the p53 and bcl-2 mRNA levels by
dexamethasone treatment did not achieve significance. In
mammalian cells, myc is a central regulator of cell proliferation
and links external signals to the cell cycle machinery; it also
induces cells to undergo apoptosis, unless specific signals
provided either by cytokines or by oncogenes block the
apoptotic pathway. Recent progress has shed light both on the
factors regulating the function and expression of myc and on
the downstream targets in the cell cycle. Together, these
findings suggest the existence of a novel signal transduction
pathway regulating both apoptosis and proliferation (Desbar-
ats et al., 1996). The p53 tumour suppressor gene controls
cellular growth after DNA damage through mechanisms
involving growth arrest at the G, phase of the cell cycle and
apoptosis (Velculescu & El-Deiry, 1996; Yonish-Rouach,
1996). The outcome, either G, arrest or apoptosis, will depend
on a complex network of regulatory signals. On the other
hand, evidence suggests that Bcl-2 can prevent the character-
istic internucleosomal DNA fragmentation and cellular
morphological changes. Apoptosis induced by saikosaponin-
d, but not dexamethasone, in CEM lymphocytes may partly be
mediated via c-myc, p53, and bcl-2 gene deregulation.

It has been reported that ginsenoside Rh2, a ginseng saponin,
induces apoptosis in human hepatoma SK-HEP-1 cells by
caspase-3 activation (Park et al., 1997). There are at least 10
caspases, cysteine proteases, and these form a cascade
controlling death in most situations studied thus far (Xue et
al., 1996; Alnemri, 1997). It has been demonstrated that
dexamethasone-induced apoptosis involves caspase-3 in mouse
lymphoma cells and caspase-1 in mouse thymocytes, and both
are inhibited by Z-VAD-FMK, a cell-permeable fluoromethyl-
ketone inhibitor of caspases (McColl et al., 1998; Cifone et al.,
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