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Abstract

Saliva miltiorrhiza derivative (SMD) is a simplified synthetic analogue of the principle of active
saliva miltiorrhiza, and structurally it belongs to a polyphenol synthetic analogue. The cytotoxic T cell
line driven by IL2 (CTLL-2 cells) was used as a model to study the antiproliferative potential and the
development of apoptosis induced by SMD. We found that SMD can suppress the cell prolifefation
and this inhibitory effect by SMD was associated with the induction of apoptosis detected by DNA
fragmentat'ion assay. This apoptosis process is accompanied by inhibitiozi of tyrosine
phosphorylation of about 91,80, 55-kDa proteins, rather than that of protein serine/threonine
phosphorylation which dependent on IL2, and suppression of protein tyrosine kinase activity and
subsequently inhibition of PKC activity that is in downstream of PTK without affecting PKA
activity, as well as down-regulation of bcl-2 anti-apoptotic protein and bcl-2 mRNA, and activation of
caspase-3 activity. A relation of bax protein levels to apoptosis was not appreciated. TPA, a protein
kinase C activator was able to attenuate the apoptosis induced by SMD at least in part thoiigh
increasing -of bcl-2 protein expressiori and inhibiting of caspase-3 activity. Taken toggther, we
conclude that SMD is a novel potent antiinroliferative agent and a tyiosine kinase inhibitor that induced

apoptotic cell death in CTLL-2 cells.

Key words: apoptosis, DNA fragmentation, protein phosphorylation, protein tyrosine' kinase,

protein kinase C, protein kinase A, bcl-2, bax, CPP32/Caspase-3 protease.



The abbreviations used are: IL2, interleukin-2; FCS, fetal calf serum; TCGF, T cell growth factor
supplement; CTLL-2 cells, cytotoxic T lymphocyte; PTK, protein tyrosine kinase; PKC, protein
kinase C; PKA, cAMP-dependent protein kinase (protein kinase A); TPA, 12-O-Tetradecanoylphorbo

1 13_-acetate; SMD, Saliva Miltiorrhiza Derivative.

Introduction

Saliva miltiorrhiza (Danshen) is a traditional chinese medicine which has been widely use for the
treatment of cardiovascular diseases and inflammation for a long time. Saliva miltiorrhiza derivative
(SMD) is a simplified synthetic:analogue of the principle of active saliva miltiorrhiza, structurally, it
belongs to a polyphenol synthetic analogue. Some studies have indicated that SMD is capable of a
antioxidant and an antitumor activity in vitro(1,2). However, the biochemical and pharmacological
mechanism for the SMD inhibitory effect has not yet been elucidated.

Apoptosis is the process of cell death relying on both gene induction and protein activation. A
variety of genes involved in the regul;tion of apoptosis have been identified(3). Cells undergoing
apoptosis aisplay several morphological and biochemical changes, including cellular collapse, nuclear
chromatin condensation, the formation of vesicular apoptotic bodies and internucleosomal DNA
fragmentation. The morphological alterations are accompanied by a variety of biochemical changes, ‘
although the molecular mechanisms of apoptosis are still lafge unknown. Many signals and external
sﬁmuli regulate the apoptosis activity by interaction with a number of proteins and gene products,
such as transcription factors, Myc, Apaf-1, wild-type 53 protein and bax were able to induce

apoptotic cell death. and others bcl-2, bel-xr, Ras, Raf prevented cells from undergoing apoptosis(5-



6). Numerous disparate agents, for example toxins, glucocorticoids, protein. kinase inhibitor,
irradiation, growth factor withdrawal and anticancer drug induce apoptosis in variety of cell types (4).
Protein phosphorylation may have multiple roles in the control of apoptosis process (10) and
activation of specific protein kinase can in some circumstances protect against apoptosis k?).

k]

Recently, much attention has focused on the role of proteases related to nterleukin-1 B converting

enzyme (ICE, renamed caspases )(8,9) and it may be positive regulators in apoptosis. Now many
experiments have been underscored that apoptosis can be activated by many types of cancer
ghemotherapeutic agents (11,12) and new therapeutié strategies aim to counteract dysregulation of
apoptosis by pharmacological intervention.

CTLL-2 cells are the cell lines that undergo apoptosis upon growth factor deprivation (13). We
used this cell line to investigate the effects of SMD on the inhibition of cell proliferation as it is a good
model to study apoptosis. Our purpose in this study V;'as to ascertain the molecular basis in CTLL-2
cells by examining a potent antiproliferative effect and the development of apoptosis by SMD in
respect to IL2 induced-cell proliferation, apoptosis phenomenon, protein phosphorylation, protein

kinases, as well as the alterations of expression of bcl-2/bax, CPP32/Caspase-3 activity.

Methods and Materials
Chemicals. Saliva miltiorthiza derivative (SMD) was synthesized by professor Lianning-Li
(Institute of Materia Medica, Chinese Academy of Medical Sciences) and were kindly provided.

Recombinant human IL2 were from Shionogi Chmical Industries, Ltd.. 12-O-Tetradecanoylphorbol



13-acetate (TPA) was purchased from Sigma. Mouse monoclonal anti-phosphotyrosine antibody
(Clone PY20) was purchased from Transduction Laboratories (Lexington, KY). Rabbit polyclonal
anti-phosphoserine antibody and rabbit polyclonal anti-phosphothreonine | antibody were from
ZYMED Laboratories, Inc (South Francisco, CA). Rabbit polyclonal anti-bcl-2 antiboby (Ab-2) was
obtained from Calbiochem (Cambridge, MA). Rabbit polyconal anti-bax (P-19) was purchased from

Santa Cruz Biotechnology, Inc. cDNA probe for bcl-2 was kindly provided by Dr Jeffrey Sklar

(Stanford University School of Medicine. Stanford, California). [ 32P] ATP (3000Ci/mmol)
and [ @-32P] dCTP (3000Ci/mol) were from NEN (Boston) and Amersham (England),

respectivitly. All the other chemicals were of the purest grade commercially available.

Cell Culture. The cytotoxic T cell line CTLL-2 was cultured in a growth medium- RPMI 1640,
10% fetal calf serum (FCS) and 5% rat T cell growth factor supplement (TCGF) which is from the
culture of rat spleen cells stimulated by concanavalin A (4 ug/ml) for 48h. Cells in their exponential
growth phase were harvested, washed with RPMI 1640 medium, and suspended at 3.3 X 105/ml in
the growth‘rnedium without TCGF in a humidified atmosphere of 95% air and 5% COz for 8-10 h for
starved cells. Then, cells were added to IL-2 (100 U/ml) and SMD in the various concentrations for
the following experiments. The viable cells were determined by the trypan blue dye exclusion (14).
Three tepresentative fields were examined and viability was expressed as the percentage of cells
excluding trypan blue dye.

DNA fragmentation assay. The internucleosomal DNA degradation was assay as described



previously (15) with slight modification. Briefly, 1.2X106 cells were seeded in 35mm?2 culture

dishes and treated with different concentrations of SMD and IL2 (100 U/ml) for different times. Cells
were harvested and washed with ice-cold phosphate bufferred saline (PBS). DNA was extracted by
the lysis buffer (20 4l of 10 mM EDTA, 50 mM Tris-Hcl (PH 8.0) contai'ning.O.S% (w/v) sodium
lauryl sarkosinate and 0.5 mg/ml proteinase K) for 1 h at 50°C. After then, 10 1 of 10 mg/ml RNase
Awas édded to the each sample, and incubated for further 1 h at 50°C. Reaction was stopped by the
addition of 10 xl 10 mM EDTA (PH 8.0). Sample were heated at 70°C for 20 min._ The total DNA
from each sample was loaded in 1.2% (w/v) horizontal agarose gel containing 0.1 ug/ml ethidium
bromide. The gel was run in TBE buffer (90 mM Tris, 90 mM borate and 2 mM EDTA) at 2.5 v/cm,
and photographed under UV light.

Protein kinase Assay. Kinase activities of protein tyrosine kinase (PTK), protein kinase C
(PKC) and cAMP-dependent protein kinase (PKA) were assessed using a SignaTECT™ PTK, PKC
and PKA Assay System Kit (Promega, U.S.A) using PTK Biotinylated Peptide Substrate (for PTK),
Biotinylated Peptide Neurogranin (f01.' PKC) and Biotinylated Peptide Kemptide (for PKA) as
substrates, respectively, according to the manufacturer's instructions. For detecting the three of
protein kinase activities in intact cells, the cells were incubated in RPMI 1640 medijum treated by with
or without IL2 and SMD for various periods of time (0 min to 120 min) and harvested by washing
with PBS. The cells were lysed by the extract buffer to determine the protein kinase activities. For
measuring the kinase activities in cell lysate, the cells treated with or without IL2 were incubated in 10

min and lysed by the extraction buffer, and centrifugated and save the supernatant. 5 ul of cell lysate



was added to the Reaction Mixture containing DSMO solution of SMD (1 ul) at various
concentrations in a final volume of 25 ul for determining the protein kinase activities, respecti‘./ely.
The biotinylated, 32P-labeled peptides were recovered from the Reaction Mixture with the SAM2TM
Biotin Capture Membrane and phosphorylation of the peptides were determined by ;1 scintillation
counting (LS 6500, Beckman). Protein concentration was determined by a Bio-Rad protein assay kit
(Bio-Réd, Richmond, VA) using bovine serum albumin as a standard. |

Western Blot Analysis. 2.5 X106 cells were harvested and washed with ice-cold PBS, and

solubilized in a lysis buffer (l%:Triton X-100, 50 mM Tris (PH7.4), 1 mM NaVOg4, 0.5 mM EGTA,.
200 mM NaCl, 60 ug/ml phenylmethylsulfonyl fluoride (PMSF), 1.5 pg/ml aprotinin) by vortexing
and incubating on ice for 10 min. The lysates were centrifuged at 1,500g for 10 min, and
supernatants were further clarified by centrifugation at 100,000g for 30 min. The supernatants were
saved and the protein contents were determined with the Bio-Rad protein assay using bovine serum
albumin as a standard. Twenty-foxfty micrograms of protein per lane respectively, was
electrophofesed on 8.75-13.8% polyacrylamind-SDS minigels (16) in SDS sample buffer. The
. proteins were then transferred to polyvinylidene difluoride sheet (PVDF membrane; Pall Biosupport
Division, Port Washington, NY) by electroblotting at 18V for 1 h. The membrane was blocked for 2-
3 h in a blocking buffer (3% BSA and 0.25% normal horse serum in TBS). The blots were detected
by anti-phosphotyrosine (1:1000), anti-phosphoserine (1:500), anti-phosphothreonine (1:500), bcl-2
(1:20) and bax (1:200) antibodies. Blotted membrane was incubated with a peroxidase-conjugated

avidin (ABC kit; Vector Laboratories, Burlinggame, CA) and developed in AEC solution (0.8%



. amino-ethylcarbazole and 0.1M acetate, PH 5.2). The bands that recognized by each antibodies were
scanned with a laser densitometer.

Northern Blot Analysis. 5X106 célls were harvested after treatment of IL2 and SMD, and total

RNA was extracted by the method of the acid guanidinium thiocyanate-phenol-chloroform method

(17). RNA (20 ug/lane) was electrophoresed through a 1% agarose gel containing 6% formaldehyde

and blotted onto a nylon membrane (Hybond-N+ membrane, Amersham), The membrane was

prehybridization at 42°C for 2 h in a solution containing 50% formamide, 3X standard saline citrate

(SSC), 0.1% SDS, 20 mg/ml boiled salmon sperm DNA, and 1X Denharht's solution.

Hybridization was performed for 16 h at 42°C in the same prehybridization solution with bel-2 (18)
and 18s-rTDNA probe(19). The probes were labeled with [ ¢ -32P] dCTP using a random DNA
labelling k1t (Amersham LIFE SCIENCE, England). After hybridization, the membrane was washed
three times Vat 42°C for 20 min in 2 X SSPE and 0.1% SDS washing buffer, once for 30 min in 0.1 X
SSPE and 0.1% SDS washing buffer at room temperature. Then the membrane was subjected to

autoradiography and the density of each band was assessed semiquantitatively using a laser

densitometer. The densitieé of bcl-2 mRNA bands were normalized relative to the value of the 18s-
rDNA.

Assay of CPP32 activity. CPP32 activity was measured using a CPP32/ Caspase-3 Colorimetric
Protease Activity_-Assay kit (MBL, Nagoya, Japan) according to the recommendations of

manufacturer (20). Briefly, 2 X105 SMD-treated CTLL2 cells at the indicated time were harvested
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and washed in PBS, suspended in 50 ul Cell Lysis Buffer and incubated on ice for 10 min. The
lysates were centrifugated at 10,000g for 1 min. The equal amounts of protein contents in each
samples were incubated with substrate DEVD-pNA (chromophore p-nitroanilide, 200uM) at 37°C
for 1 h. The pNA light emission was monitored using a spectrophotometer ( DU640, Beckman) at

400 nm. Date were expressed as absorbance of 400 nm wavelength.

Statistical analysis. The date were expressed as the means =SD (Standard deviatiom). The

significance of the experiment date were validated using the Studen's-t test. The differences were

considered as to be significant when p<0.05.

~ Results
1. Antiproliferative effects of SMD

Cell viability was investigated to ascertain whether or not SMD can affect the cell proliferation in
CTLL-2 cells. About 50% of cells died by 16 h after deprivation of IL2 and cell viability is still above
91% by 16 h after the addition of IL2, SMD '(50 ug/ml) pius IL2 caused a markedly reduction of cell
viability in a time dependent manner, and almost 50% and 70% of cells died by 12 h and 16 h,
respectively, as measured by trypan blue dye exclusion (Fig 1A). The cell viability was inhibited in a
does-dependent manner (Fig 1B) when IL2 withdrawal or the addition of SMD plus IL2. The cell
viability was significantly inhibited at 20 xg/ml SMD (p<0.05).
2.Effects of SMD on DNA fragmentation

The hallmark feature of programmed cell death is the formation of DNA fragments. Thus, the



analysis of DNA fragmentation by agarose gel electrophoresis was observed to understand whether
or not SMD cytotoxic effect was able to induce apoptosis in CTLL-2 cells. Fig 2A shows that DNA
| fragmentation was visible after 12 h of IL2 deprivation, and after 16 h of IL2 deprivation, there was a
marked intensification in the oligonﬁcleosoinal ladder. However, after 16 h of the cells treated by
IL2, no DNA ladder was observed. When cells were treated with herbimycin A or SMD pl{Js IL2
for12h, DNA degradation was induced. The date indicated that SMD induced apoptotic cell death is
in a time-dependent manner. Fig 2B shows that the induction of apoptosis by SM]_) is in a dose-
dependent manner. At 20 xg/ml-SMD plus IL2, DNA ladder was appeared and at 50 ug/ml SMD plus
ILZ; the intensity of DNA ladder was visible. Otherwise, in the presence of IL2 and 0.1% DMSO (a
vehicle), no DNA fragmentation was detectable. Taken tbgether, These date suggest that SMD was
able to abolished the IL-2-induced protection against cell death and induced apoptosis in CTLL2
- cells.
3. Effects of SMD on protein phosphorylation induced by IL2

The . phosphorylated-proteins were investigated to understand the relationship of protein
phosphorylation and ;poptosis induced by IL2 deprivation or SMD in CTLL-2 cells. We firstly
examined the role of phospho-tyrosine containing proteins. As seen in Fig 3A and Fig 4A,B,C, the
tyrosine phosphorylation of 91, 80 and 55kDa proteins wére dependent on IL2, and SMD was able to
inhibit tyrosine phosphorylation of that proteins. Next, we detected the presence of serine and
threonine phosphorylated-proteins to understand whether or not the serine/threonine phosphorylation

involved in the cell proliferation induced by IL2 and SMD can suppress these serine/threonine

10



phosphorylated-proteins. As shown in Fig 3B,C and Fig 4D,E,‘ the serine phosPhorylation of about
46.5kDa protein and threonine-phosphorylation of about 31.5kDa protein were increased after
stimulation of 112, and these serine/ threonine phosphorylated-proteins induced by IL2 were not
inhibited by SMD. These date suggested that SMD inhibited the tyrosine phosphorylation of proteins,
however does not affect serine and threonine phosphorylation of proteins which were dependent on
2. . |
4. Effects of SMD on protein kinase activities

Fig S5A is the time-course of protein tyrosine kinase activity (PTK) in the intact cells, and shows
that an initial increase of PTK aéﬁvity was observed at 5 min and maintaining higher levels by 120
min in the cells treated with or without IL2. However, in the cells with SMD (50 xg/ml) plus IL2,
PTK activity was underwent lower activity compared with in the éells of minus or plus IL2. Fig 5B is
the does-response of PTK activity in the cell lysate by direct incubation of SMD at various
coﬁcentrations and shows that SMD inhibited PTK activity in a dose-dependent manner both in the
cell lysate with or without IL2. SMD éubstantially inhibited PTK activity at the concentration of 10
mg/ml (p<0.01). Fig 6A shows that protein kinase C activity (PKC ) by phoépholipid activation
was reduced in the intact cells treated with SMD (50 ug/ml) plus IL2 compared to in the cells treated
with IL2 (p<0.05). There were no significant difference on PKC activity both in the intact cells
treated with or without IL2. On the contrary, PKC activity did not decrease by direct incubation with
SMD in the cell lysaté l(p>0.05, shown in Fig 6B). Fig 7A and B shows that cAMP-dependent-

protein kinase activity (PKA) in the presence of cAMP was not affected both in the intact cells and
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cell lysate treated by SMD. These results indicated that SMD was able to inhibit PTK activity both of
dependent or independent-IL2. PKC activity was not inhibited directly, but inhibited indirectly by
SMD. No inhibition of PKA activity was observed by SMD in CTLL-2 cells, and suggested that
SMD is a protein tyrosine kiﬁase inhibitor.
5. Effects of SMD on the expression of Bcl-2 homologous proteins and Becl-2
mRNA

To explore the possible role of bcl-2 and bax in the SMD induced-apoptosis, we examined the
effects of SMD on bcl-2 5nd bax protein expression analyzed by western blot analysis. Fig 8A,B
shows that there was a significantly increase in bcl-2 protein at 4 h in the cells trested with IL2, and it
continued to reach a highest level up to 12 h, and then bcl-2 protein subsequently underwent
decrease. Bcl-2 protein was suppressed when SMD was added in the cultures. Fig 9A,B shows the
detectable levels of bcl-2 protein began to be decreased by SMD (10-20 xg/ml) treatment, and the
inhibitory effect of SMD on bcl-2 protein was in a dose -dependent manner. As indicated in Fié 10,
the incubation of CTLL-2 cells without IL2 which was similar to SMD-induced apoptosis or with IL2
failed to induced a change in bax expression, indicating that there is no alteration in bax protein
expression on the apoptosis process in CTLL-2 cells. We further examined the level of bcl-2 mRNA
by northern blot analysis in order to determine whether the suppression of bcl-2 protein is due to a
decrease in bcl-2 molecules. As shown in Figure 11, there was a significantly decrease in bcl-2

mRNA expression in the cell incubation either without IL2 (lanel) or with SMD plus IL2 (lane3) in

comparison to IL2 alone (lane2).
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6. Effect of TPA on apoptosis induced by SMD

TPA (phorbol ester, 12-O-Tetradecanoylphorbol 13-acetate) is a protein kinase C (PKC) activator,
as well as considered as a promoter carcinogen. Some studies demonstrate that PKC activator inhibit
apoptosis (21-23). So that we investigated whether or not TPA is able to block DNA fragmentation
induced by SMD. As shown in Fig 12, the cells treated with 20 xg/ml SMD showed some DNA
fragmentation appeared (lane3), and TPA inhibited this DNA fragmentation (lane4). In contrast, TPA
did not block DNA fragmentation induced by 50 ug/ml SMD (lane6). The date indi_cated that TPA
have an inhibitory effect on the-apoptosis inducedlbvaMD at dose of 20ug/ml. Next, we examined

the expression of anti-apoptotic bcl-2 protein and caspase-3 activity to further characterize some
mechanism in TPA blocked-apoptosis. As shown in Fig 13A,B, western blot analysis revealed that

TPA could restore the inhibition of bcl-2 protein expression caused by 20 ug/ml SMD (lane 4). Fig
14 shows that the caspase-3 activity was increased after the withdrawal of IL2 and treatment of SMD
either 20 ug/ml or 50 ug/ml(p<0.01) in comparison with IL2 treatment alone. TPA restored the
increase in caspase-3 activity caused -by 20 pg/ml SMD (p<0.05), however, did not reverse the
elevation of caspase-3 activity treated by 50 ug/ml SMD (p>0.05). These results indicated that
caspase-3 activity is involved in apopt;)sis process and TPA was able to attenuate apoptotis cell death
at least in part through increasing of cxpressibn of bel-2 protein and inhibiting of caspase-3 activity in

CTLL-2 cells.

Discussion
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Apoptosis can be induced by diverse signaling pathway in a variety of cell lineages. In this report,
we investigated the mechanism of antiproliferative effect of SMD ( a new polyphenol synthetic
analogue) and found that SMD can suppress tyrosine kinase activity and the cell proliferation. This
inhibitory cffécts by SMD were associated with the induction of apoptosis. DNA fragmentation is
widely used to assess apoptosis. The present study shows that DNA fragmentation was observed in
time and dose-dependent manner, and required at least 12 h and 20 ug/ml of exposure to SMD after
the addition of IL2 (Fig 2). This is consistent with the time and dose-fashion of iqhibition of cell
viability as assessed by trypan blue dye exclusion (Fig1).

The protein phosphorylation is by far the most common mechanism for posttranslational regulation
of protein function, therefore, the role of protein phosphorylation during apoptosis have been
described in many reports. Ohoka and coworks have demonstrated, using okadaic acid, that protein
dcphosphorylation’ is an essential step for glucocorticoid-induced apoptosis in murine T-cell
hybridomas (24). A cormelation has been observed between the dephosphorylations of protein by
downregulation of cPK.C and the induction of apoptosis in prolong culture of promonocyte leukaemia
cells (U937 cells) (25).' During Fas-mediated apoptosis, tyrosine phosphorylation at ab.out 56-60, 70

and 100-110 kDa was increased in a human T-cell line (26). Barkett et al. have documented that
cleavage of I k B-alpha by CPP32 was blocked by serine phosphorylation of I« B-alpha (27).

Exposure of U936 cell, a human myeloid leukemia cell line to etoposide stimulated the tyrosine-
phosphorylation of 30 and 60 kDa proteins in etoposide-induced apoptosis (28). It is well known

that I1.2 receptor (IL-2R) have intracellular domain to which associates an intrinsic protein-tyrosine
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kinase (PTK) (29). Turner et al. reported that the activity of serine/threonine specific Raf-1 kinase can
be regulated by tyrosine phosphorylation in CTLL-2 cells (30). Thus, tyrosine phosphorylation is
considered often occur early in signalling cascades in the many survival factor receptors, and then,
their effect can be strongly amplified ;lia, e.g., serine/threonine kinases (10). In our study, we have
demonstrated that of these phosphorylated-proteins, the about 91, 80 and 55kDa tyrosine
phosphorylated-proteins, 46.5kDa seﬁﬁe phosphorylated-protein and 31.5kDa threonine
phosphorylated-protein were dependent on IL2 in CTLL-2 cells, and implied that the cell proliferation
in IL2-driven CTLL-2 cells is involved in both tyrosine phosphorylation and serine/threonine
phos.phorylation pathways. All of tyrosine phosphorylation of about 91, 80 and 55kDa proteins
which were dependent on IL2 were suppressed in SMD-induced apoptosis process, althrogh the
nature of these proteins are as yet unidentified. Our findings suggested that SMD induced apoptosis
through the inhibition of tyrosine phosphorylation rather than that of serine/threonine
phosphorylation, and tyrosine phosphorylation play an important role on the apoptotic process in
SMD-induced apoptosis.

We next examined the effects of SMD on protein phosphorylating enzymes- protein kinase
activities in order to explore the possible role of protein kinases, because SMD could affect the
tyrosine phosphorylation proteins on apoptosis process induced by SMD in»CI'LL-Z cells. Many
studies have been shown that tyrosine kinase activity can trigger the cell proliferatiqn and apoptosis
process in multiple cells. The PTK inhibitors, herbimycin and genistein prevented the radiation-

induced phosphorylation and inhibited apoptosis, and suggesting that protein tyrosine kinases play a
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pivotal role in the apoptosis induced by radiation (31). Bae et al, recently reported that the protein
tyfosine kinase activation is required for upregulation of Fas ligand (FasL) expression and

subsequent mediation of Fas death signaling account for aburatubolactam C (a novel inhibitor of
supperoxide anionic generation) induced apoptosis in Jurkat cells (32). In the present study, three of
protein kinase activities were investigated, protein tyrosine kinase activity (PTK) which are
responsible for less than 1% of protein phosphorylation within cells; and two serine/threonine
kinases, protein kinase C (PKC) and cAMP-dependent protein kinase(PKA) activities. We found that
SMD significant inhibited PTK activity by the concentration of 10xg/ml. On the other hand, SMD did

not ;ffected PKA activity and PKC activity in the cell lysate, although when exposing intact cells to
SMD, PKC activity was inhibited. Thus, suggesting that SMD may act through inhibition of protein

tyrosine kinase activity, and subsequently suppressed PKC activity that is in downstream of PTK to

induce cell apoptotic death. Our finding also indicated that SMD is a novel protein tyrosine kinase

inhibitor.

The bel-2 family including its.hornolc‘)gues, and caspase family of cysteine proteases play important
roles in regulating apoptotic cell death induced by a variety of stimuli in mammalia cells (33-36). Bcl-
2 gene family, acting at é central checkpoint in the apoptotic pathway, can suppress apoptosis. while,
caspase family of cysteine protease facilitate apoptosis that functional site is in the downstream of bcl-
2 influence (37). In this study, we examined the effect of SMD-induced apoptosis on the expression
of bcl-2 and bax. 'We found that a obvious amounts of bcl-2 protein (Fig 8,9) and mRNA (Fig 11)

were seen after 12 h of treatment with IL2. However, both bcl-2 protein and mRNA were inhibited

16



by SMD treatment. In contrast, bax protein was not changed when the cells exposure to IL2
deprivation or treatment of IL2 or SMD, suggesting that SMD induced apoptosis through‘the
alteration of bel-2 protein level and mRNA expression, but not through that of bax protein level. The
date presented herein argues the ratio of the expression of bax to bcl-2 play a predominant role in the
apoptosis process, up-regulation of bax or down-regulation of bcl-2 facilitates apoptosis (38).
Recently, in some system,rbax binding bcl-2 was not sufficient to prevent apoptosis and the
overexpression of bel-2 or bcl-XL can repress apoptosis in the absence of bax (39,40). These
observation are concomitant with our findings. The mechanism of bcl-2 on anti-apoptotic properties
has .also been elusive. Bcl-2 is considered as a phosphoprotein. It may be regulated by
phosphorylation (41,42). Bcl-2 prevent apoptosis also through blocking cytochrome C release from
mitochondria (43). We next measured caspase-3/CPP32 activity to understand whether or not caspase
family of cysteine proteins contribute to the apoptosis process induced by SMD in CTLL-2 cells,
begause overexpression of these proteases frequently results in apoptosis (44) and bcl-2 and caspase
inhibitor can abrogate the activation of caspase leading to cell survival(37). Rescently, Hughes et al.
reported that disruption of the natural K+ electrochemical gradient suppressed the activity of both
caspase and apoptosis induced by glucocorticoid dexamethasone, thapsigargin and stauroqurin (36).
In present study, we shows that an increase in caspase-3 activity in response to both IL2 deprivation
and SMD-treatment was observed (Fig 14). These results suggested the caspase-3 protease is
involved in the apoptosis process in CTLL-2 cells, although the involvement of ICE family proteases

other than caspase-3 on the apoptosis process is not yet clear.
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Protein kinase C (PKC) is intimately involved in the regulation of cell proliferation and cell
survival (45). TPA, a protein kinase C activator, have been reported to protect several cell lines from
apoptosis induced by a variety of agents (46,47). Our studies shows that PKC activity was inhibited
through suppressing PTK activity in apoptotic cell death by SMD and TPA can attenuate apoptotic
.cell death induced by SMD. This was interpreted to be due to PKC activation. Now it is unclear that
why activation of PKC blocked apoptosis induced by different agents. A correlation has been

observed between the dephosphorylation and downregulation of cPKC and the induction of
apoptosis, and suggesting PKC'provides a survival signal that can be supplied by PKC « alone (25).

Knox et al (48) reported that the PKC isozyme distribution are associated with the regulation of
apoptosis in stratified squamous epithelium and coincident with the presence of bcl-2 protein. We
also shown that TPA reduced the extent of cell death at least in part by increasing the expression of
the bcl-2 anti-apoptotic protein and inhibiting of caspase-3 activity. Our observations are concomitant
with above reports.

In summary, in this study, we conclude that SMD possesses potential antiproliferative activity that
rapidly induces apoptotic cell death in CTLL-2 cells. This apoptosis process is comrelated with the
inhibition of protein tyrosine phosphorylation, protein tyrosine kinase and subsequently suppression
of protein kinaes C that is in downstream of PTK without affecting PKA activity, as well as the
decrease in bcl-2 protein and increase in caspase-3 activity, and suggesing that SMD is a protein
tyrosine kinase inhibitor and expected to be a promising candidate for movel antiproliferative

therapeutics. Our results also imply that multiple parallel and possible independent apoptotic pathway

"
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exist in CTLL-2 cells rather than a single linear pathway.
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Fig 1. Effect of SMD on the cell viability in CTLL-2 cells. The cells in the exponential
growth were harvested and starved in the fresh RPMI 1640 with 10% FCS without TCGF for 8-10

h. SMD were added to the culture for 30 min before the addition of IL2. Viable cells were measured
by trypan blue exclusion. Date are mean £ SD of three determinations. (A) Kinetics. { p<0.05 and

11 p<0.01 compared to time 0 h. * p<0.05 and ** p<0.01 compared to IL2 alone at each time point.

B) Dose-response. * p<0.05 and **p<0.01 compared to IL2 alone.
P P

Fig 2. Effect of SMD on DNA fragmentation in CTLL-2 cells. The cells were incubated
and harvested after the addition of SMD and IL2 for agarose gel electrophoresis analyéis as described
in Materials and Methods. (A) l;inetics. SMD is 50 ,uy'ml, and Herbimycin A (Hb A) is 0.25 #M/ml.
(B) Dose-response. The cells were cultured up to 16 h. Lane 1: without IL2, Lane 2: with IL2, Lane
3: Herbimycin A (0.254M/ml) plus IL2, Lane 4: 0.1% DMSO plus IL2, Lane 5: SMD 0.5 ug/ml plus
IL2, Lane 6: SMD S ug/ml plus IL2, Lane 7: SMD 10 ug/ml plus IL2, Lane 8: SMD 20 ug/ml plus

IL2, Lane 9: SMD 50 ug/ml plus IL2, Lane 10: SMD 100 xg/ml plus IL2.

Fig 3. Effects of IL2 and SMD .on tyrosine, serine and threonine phosphorylated-
proteins in CTLL-2 cells. The cells were incubated stimulated with IL2 and SMD and harvested
at 10 min. Cellular proteins were extracted and separated by» SDS-PAGE electrophoresis. The
tyrosine, serine énd threonine phosphorylated-proteins were detected by western blot analysis with
anti-phosphotyrosine, anti-serine and anti-threonine antibodies as described in Materials and
Methods. M: Molecular size of protein was measured using Protein Molecular Weight Marker as the
standard. The results are from three independent experiments. (A) Protein tyrosine phpsphrylation.

(B) Protein serine phosphorylation. (C) Protein threonine phosphorylation.
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Fig 4. The extent of tyrosine, serine and threonine phosphorylated-protein was
measured by a laser densitometer. (A) Phospho-tyrosine 91 kDa protein. (B) Phospho-
tyrosine 80 kDa protein. (C) Phospho-tyrosine 55 kDa protein. (D) Phospho-serine -46.5 kDa

protein. (E) Phospho-threonine 31.5kDa protein.

Fig 5. Effect of SMD on protein tyrosine Kinase activity (PTK) in CTLL-2 cells. (A)
Effect of SMD on PTK activity in intact cells. SMD (50 zg/ml) and IL2 were added to the cell culture
at 37°C in the indicated time to measure PTK activity as described in M'aterials and Methods.
*p<0.05, **p<0.01 and °p>0.05 compared to IL2 values at each time point. $p<0.05 and T p>0.05
compared to time 0 hr. (B) Effect of SMD on PTK activity in the cell lysate. NS not significant

difference and ** p<0.01 compared to with or without IL2 values, respectively.

Fig 6. Effect of SMD on protein kinase C activity (PKC) in CTLL-2 cells. (A)

Effect of SMD on PKC activity in intact cells. SMD (50 xg/ml) and IL2 were added to the cell culture
for 10 min at 37°C and harvested to detect PKC activity as described in Materials and Methods.

**p<0.05 and NS p>0.05 compared to IL2 values. (B) Effect of SMD on PKC activity in the cell

lysate. T not significantly different compared to without IL2 values.

Fig 7. Effect of SMD on cAMP-Dependent Protein Kinase Activity (PKA) in CTLL-
2 cells. (A) Effect of SMD on PKA activity in intact cells. SMD (50 ug/ml) and IL2 were added to
the cell culture for 10 min at 37°C and harvested to detect PKA activity as described in Materials and
Methods. There was no significant difference in each groups (p>0.05). (B) Effect of SMD on PKA

activity in the cell lysate. T not significantly different compared to without IL2 values.

27



Fig 8. Time-course of SMD effect on the expression of bcl-2 protein in CTLL-2
cells. SMD (50 ug/ml ) and [L2 were added to the cultures, and the cells were incubated and
harvested at indicated times to detect the level of bcl-2 protein. (A) Western blot analysis. (B)

Densitometric analysis of bcl-2 expression using a laser densitometer.

Fig 9. Dose-respénse of SMD effect on the expression of bcl-2 protein in CTLL-2
cells. SMD at indicated concentrations and IL2 were added to the cultures. The cells were incubated
and harvested at 12 h for the detection of bcl-2 protein. (A) Western blot analysis. (B) Densitometric

analysis of bcl-2 expression using a laser densitometer.

Fig 10. Effect of SMD on the expression of bax protein in CTLL-2 cells. SMD and
[L2 were added to the cultures, and the cells were incubated and harvested at 12 h for the detection of
bax protein. (A) Western blot analysis. (B) Densitometric analysis of bax expression using a laser

densitometer.

Fig 11. Effect of SMD on the expression of becl-2 mRNA in CTLL-2 cells. The total
RNA was isolated from the cells treated by SMD and IL2 at 12 h. mRNA was analyzed by Northern
blot analysis. (A) Northérn blot hybridization of bcl-2 mRNA. Lane 1: without IL2, Lane 2: with
IL2, Lane 3: SMD 50 ug/ml plus IL2. (B) The relative amounts of bcl-2 mRNA expression, as

determined by a laser densitometer, and standardized to the amount of 18s-cDNA mRNA and

expressed in arbitrary units.

Fig 12. Effect of TPA on DNA fragmentation in the apoptosis induced by SMD.
SMD was added to the cultures for 30 min before the addition of IL2Z and TPA. The cells were

incubated and harvested at 16 h. DNA fragmentation was analyzed as described in Materials and
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Methods. Lane 1: without IL2, Lane 2: with IL2, Lane 3: SMD (20 xg/ml) plus IL2, Lane 4: SMD
(20 pg/ml) plus IL2 and TPA (0.05 M /ml), Lane 5: SMD (50 ug/ml) plus IL2. Lane 6: SMD (50

ug/ml) plus IL2 and TPA (0.05 xM/ml).

Fig 13. Effect of TPA on the expression of bcl-2 protein in the apoptosis induced
by SMD. SMD (20 ug/ml), IL2 and TPA were added to the cultures. The cells were incubated and
harvested at 12 h for the detection of bcl-2 protein. (A) Western blot analysis. (B) Densitometric

analysis of bcl-2 expression using a laser densitometer.

Fig 14. Effect of SMD anci TPA on caspase-é activity in CTLL-2 cells. SMD, IL2 and
TPA were added to the cultures. The cells were incubated and harvested at 16 h to measure caspase-3

activity as described in Materials and Methods. *p<0.01 compared to IL2 alone. Tp<0.05 compared

to SMD 20 ug/ml plus IL2. §1p>0.05 compared to SMD 50 g/ml plus IL2 .
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