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Abstract The chloroform and methanol (2:1, v/v) extract
from an edible plant, Actinidia arguta Planchon, appeared to
possess anlilumor aclivity against human leukemmas Jurkat T
and U937 cells through inducing apoptosis. The substance in
the solvent extract was purified by silica gel column
chromatography, preparative TLC. and Sephadex 1LH-20
column chromalography. Characteristics of the substance
analyzed by UV scanning analysis, and 'H and “"C NMR
specira suggested Lhal the substance belongs to the chlorophyll
derivatives-like group. The IC,, value of the chlorophyll
derivative (Cp-D) delermined by MTT assay was 15 gg/ml
for Jurkat, 10 pg/ml for U937, and 11.4 ng/mi for HL-60, and
was more loxic to these leukemias than to sohd tumors or
normal fibroblast. In order to elucidate cellular mechanisms
undetlying the cytoloxicity, the effect of the Cp-D on Jurkat T
cells was investigated. When cells were treated with the Cp-D
at a concentration of 15 pg/ml, ["H]thymidine incorporation
declined rapidly and was undetectable in 1h. However, no
signilicant changes were made in the cell eycle distribution of
the cells by 24 h. The sub-G1 peak representing apoptotic cells
began {0 be detectable in 36 h, at which time apoptotic DNA
fragmentation was also detected on agurose gel electrophoresis,
demonstrating that the cytotoxic effect of the Cp-D is attributable
to the induced apoptosis. Under the same conditions, although
the protein level of cyclin-dependent kinases such as cdcd,
cdks, cdk2. and cde? was not significantly changed until 24 h,
the kinase activity of all cdks rapidly declined and reached a
minimum level within 1-6 h and then recovered to the initial
level by 12 h and susiained vntil 24 h. These resolts suggest
that inactivation of cdks at an inappropriate (ime during the
cell cycle progression in Jurkat T cells following a treatment
with the Cp-D leads to induction of apoptotic cell death,
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Significant progress has been made in the field of
chemotherapeutic treatment for cancer vsing anticancer
drugs. However, as most anticancer drugs developed to
date are also toxic to normal cells and tissues and thus have
limited selectivily for cancer cells, practical use of these
anticancer drugs has been restricted to only a few cases
due to various side effects observed during clinical trials
[14]. To overcome these limitations and to further improve
the effectiveness of chemotherapy for cancer. it has been
required not only 1o isolale a new anticancer drug that is
specifically toxic to cancer cells but aiso to identify a new
target n cancers. which induces destruction ol cancers
upon chemotherapy.

It has been suggested that the induction mechanism of
apoptosis in tumors could be an efficient target for an
anticancer drug, because malignant tumors can be removed
by their own destruction upon the indoced apoptosis
[1.2.19,25]. Apoplosis represents a form of cell death
that ts marphologically characterized by cell shrinkage,
membrane blebbing, chromatin condensation, and DNA
fragmentation with mternucleosomal DNA digestion [26].
Since a considerable amount of attention has been focused
on the role thal apoptosis may play in mediating the
cytotoxic effect of chemotherapeutic agents in tumor cells,
it is known that several anticancer drugs such as etoposide,
VM26, m-AMSA, dexamethasone, vincristine, cis-platinm.
cyclophosphamide. paclitaxel, 3-fluorodeoxyuridine. 5'-
fluorouracil, and adriamycin induce extensive apoptosis
rapidly in tumor cells [3, 3, 6, 9, 11, 21, 23]. However, the
biochemical mechanisms involved in the drug-induced
apoptotic process are still poorly understood.

Recently. we have initiated a project of isolating the
antitnmor agent that is specifically toxic to tumors through
induction of apoptosis. In previous studies, we have shown
thal aburatubolactam C isolated from a marine Streprosvees
sp. SCRC A-20 has a cytotoxicity against various malignant
tumor cells of human murine origins, and rapidly mduces
apoptosis through upregulation of Fag ligand expression
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and subsequent activation of Fas death signal [1, 2]. The
cytotoxicity of aburatubolactam C appeared to be more
effeclive on leukemias and lymphomas compared to solid
tumars or normal fibroblast cells. More recently. we have
also examined various edible plants to isolate a cytotoxic
substance that is more specifically toxic to tumors, based
on a simple concept that cytotoxic components (o fumors
from edible plants may not be severely toxic to normal
cells or tissues.

In the present study, we describe thal a cytotoxic
substance isolated from an edible plant, Acfinidia arguta
Planchon, possesses an antitamor activity through inducing
apoptosis. Purification and instrumental analysis have
revealed that the substance is a chlorophyll derivative (Cp-
D). Since the Cp-D has shown cytoloxicily against various
tumor cells and can induce apoptosis in Jurkat 'T' cells, the
mechanism underlying induced apopilosis in Jurkat T cells
were sequentially mvestigated. These results suggest that
inappropriate regulation of the kinase activity for cyelin-
dependent kinases (edks) in the cell cycle of Jarkat T cells
following the drug treatment results in triggering the
apoptotic cell death.

MATERIALS AND METHODS

Reagents, Antibodies, and Cells

Protein G-agarose and E64 were purchased [rom
Calbiochem (San Diego, U.S.A.), and ct-casein, tween-20,
B-glycerophosphate, p-nitrophenyl phosphate,  sodium
orthovanadate, RNase, proteinase K, and propidium iodide
were trom Sigma (St. Louis, U.S.A.). Radioactive material
of [‘H]thymidine (2 CiAmM) was obtained (rom NEN
Biotechnolgy System (Boston, MA, U.S.A), and [y
PPIATP (=3,000 Ci/mM) was cbtained from Amersham
{Arlington Heights, U.S.A.). Silica gel (Merck Kieselgel
60, 70- 230 mesh) and silica TLC plates (Sitica gel 60 F,;,)
were purchased from Merck Company (Darmstadt,
Germany). Rabbit polyclonal anti-cdk4, anti-cdk6, anu-
cdk?2, and anti-cdc2 antibodies were from Santa Cruz
Biotechnology (Santa Cruz, U.5.A.), and monoclonal anti-
Fasl. and anti-Fas antibodies were from Transduction
Laboratories (Lexington, U.S.A.). Human leukemia Jurkat
T cells, human myeloid leukemia 1937 cells were kindly
supplied by Dr. Albert A. Nordin (Gerontology Research
Center, NIA/NIH, Baltimore, U.S.A.). Human promyelocytic
leukemia HL-60 cells, human colon adenocarcinoma
COLO 320DM cells, and murine fbroblast NIH 3T3 cells
were from KRIBB culture collection (KRIBB, Taejon,
Korea). Jurkat, U937, HL-60, and COLO 320DM cells
were maintained i RPMI 1640 (Life Technologies,
Gaithersburg, U.S.A) containing 10% FBS (UBI, Lake
Placid, U.S.A)), 20 mM HEPES (pH7.0). 5x10°M B-
MeOH. and 100 pg/ml gentamycin. The culture medium

used for NIH 3T3 cells and Sarcoma 180 were Dulbecco's
Modified Eagle’s Medium (Life Technologies, Gaithersburg,
T.5.A)) supplemented with 10% EBS, 20 mM HEPES
(pH 7.0), 1 mM sodium pyruvate, 5x [0° M -MeOH, and
100 pgfml gentamycin. Cells were incubated at 37°C in a
humidified atmosphere with 3% CO,.

Screening of Edible Plants for Isolation of Antitumor
Substance

Approximately 50 edible plants in Korea were collected
and air-dried al room temperature. To examine the presence
of an effective constitnent possessing antitumor activity in
these edible plants, 10 g of individual planls were extracied
with 10 ml of a solution composed of CHCL, and MeOH
(2:1, v/v) and evaporated under reduced pressure. The
residue was dissolved in DMSO, and assayed for the
cytotoxicity against Jurkat T cells and U937 cells using the
MTT assay as described previously [1].

Instrumental Analysis

Ultraviolet (UV) spectrometric analysis was completed by
using a UV spectrophotometer (Shimadzu, Japan). Briefly,
1 pg of the purified cyloloxic substance was dissolved in
1 ml of methanol, and then the UV spectrum from 200 to
800 nm was laken by scanning, 'H-NMR and "C-NMR
spectra were measured with a GSX-400 spectrometer
(JEOL, Iapan) using 1¢ mg of the sample dissolved in
chloroform-« as a solvent.

Cytotoxicity Assay and DNA Fragmentation Analysis
The cytotoxic effect of the Cp-D on several tumor cells
was analyzed by either the MTT assay or ['H]thymidine-
incorporation as described praviously [1]. For MTT assay.
tumor cells (5% 10" were grown for 2 days with serial
dilutions of the Cp-D in a 96-well plate. After incubation.
50 ul of MTT solution (1.1 mg/ml) was added to each well
and then incubated for an additional 4 h. The colored
formazan crystal produced from MTT was dissolved in
150 ul of DMSO and then the OD value was measured at
540nm by a plate reader The incorporation of
PH]ihymidine into DINA by JTurkat T cells treated with the
Cp-D was determined by adding 5x 10" cells to 15 pg/ml
of the Cp-I) in a 96-well plate. Al each time point after
incubation, 1 uCi/well of ["H]thymidine was added for 4 h
and assayed for the incorporation of ['H]thymidine by
liquid scintillation,

In order to determine apoptotic DNA fragmentation
induced in Jurkat T cells following the treatment by the
Cp-D, the isolation of apoptotic DNA fragments was
performed as previously described [1, 2. 7]. Briefly, the
cells were harvested by centrifugation and then treated
with a lvsis buffer (1% NP-40, 20 mM EDTA, 50 mM
Tris-HC, pH 7.5}, After centrifugation for 5 min at 1,600 xg,
the supernatant was collected and brought to 1% SDS. and
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treated for 2 h at 50°C with RNase A and subsequently
with proteinase K for 2h at 37°C. The DNA fragments
were precipitated with 2.5 volume of ethanol in the presence
of 5 M ammonium acetate. The DNA fragmentation was
visualized by electrophoresis on a 2% agarose gel.

Flow Cytometry Analysis

Any changes of the cell cycle progression of Jurkal T cells
tollowing the treatment by Cp-D was analyzed by [low
cytomelry as described elsewhere [12], Approximately 1x
10° cells were suspended in 100 pl of PBS, and then 200 pl
of 95% cold ethano] was added while vortexing. The cells
were Incubated at 4°C for 1 h, washed twice with PBS
containing 2% FCS, and resuspended with [2.5 ug of
RNase in 250 ul of 1.12% sodium citrate buffer (pH 8.45).
Incobation was continued at 37°C for 30 min before
staining of the cellular DNA with 250 ul of propidium
iodide (50 wg/ml) for 30 min at room temperature. The
stained cells were analyzed on a FACScan flow cytometer
for the relative DNA conleni. based on an increased red
fluorescence.

Western Blot Analysis

Cellular lysates were prepared by suspending 4x 10° Jurkat
T cells in 100 ul of HB lysis buffer {137 mM NaCl,
[5mM MgCl, 60 mM B-glycerophosphate. 15 mM p-
nitrophenyl phosphate, 0.1 mM sodium orthovanadate, |
mM DTT, 15 mM EGTA, 1 mM PMSE 4 ug/ml E64,
0.1% Triton X-100. 25 mM MOPS, pH 7.2). The cells
were distupted by sonication and extracted at 4°C for 30
min. Equivalent amounts of cell lysates were suhjected to
electrophoresis on an 11% SDS-polyacrylamide gel and
electrotransferred to [mmobilon-P membrane (Millipore Co.,
Bedford, MA, U.5.A.). The membrane was treated with a
blocking buffer (3% nonfat skim milk, 0.1% tween-20,
100 pg/ml gentamycin) at room temperature for 1-2h,
The membrane was probed with rabbit polyclonal anti-
cdkd. anti-cdk6, anti-cdk2. or anti-cdc2 antibody at 4°C
overnight, and then with a horse-radish peroxidase conjugated
goat anti-rabbit IgG at 4° for 1 b. Detection of each protein
was visualized on the X-ray film using an ECL. Western
blotting delection system according to the manufacturer's
instructions.

Immunoprecipilation and Kinase Assay

For immunoprecipitation of individual cdks, 60 ug of the
cellular lysate at 1 [Lg/l was allowed to react with 2 g of
each cdk antibody at 4°C for 2 h. The immune complexes
were recovered by adding 30 pl of protein G-agarose. and
incubation was continued. with rotation, at 4°C for 1 h. The
protein G-agarose was collected by centrifugation (2000 xg
for 3 min) and washed three times with the lysis buffer and
then once with kinase assay buffer (137 mM NaCl, 5 mM
EGTA, 1 mM sodium orthovanadate, 15 mM MgCl,, 1

mM PMSE 4 pg/ml E64, 25 mM MOPS. pH 7.2). The
immunoprecipitales were asssayed for the ¢-casein kinase
activity. Phosphorylation of c-casein was measured by
incubating the protein G-agarose beads with 30 Ul of hot
kinase assay cocktail {1 mg/ml of o-casein, 10 uCi [y
“P]ATP, 100 uM ATP, 1x kinase assay buffer) for 30 min
at 30°C. The reaction was stopped by boiling the mixture
m Ix SDS sample buffer for 5 min, and the reaction
mixture was resolved on an 11% SDS-polyacrylamide gel
electrophoresis. The gel was dried and the presence of
phosphorylated ¢-casein was detected by autoradiography
after exposure at -70°C.

RESULTS AND DISCUSSION

Isolation, Purification, and Characterization

Among the fifty edible plants tested, the organic solvent
(chloroform:methanol = 2:1, v/v) extract of A. arguta
Planchon appeared to be the most cytotoxic to human
leukemias Jurkat T and U937 cells, In order to purify the
aclive principle, approximately | kg of air-dried A. arguta
Planchon was extracted with 101 of chloroform and
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Fig. L. Increase in the inhibitory activity of the cytoloxic
substance on human leukemias Jurkat T and U937 cells during
purification Irom Actinidia arguta Planchon (A), and a thin layer
chromalogram of the purified cytotoxic substance (B).

For the inhibilory activity assay, the sample from each purficaton step
was senally diluted and added imto a 96-well plate contaiming 510" cells
of Jurkal or U937, After 2 days, the cell proliferaien was measured by
MTT assay. The cytotoxic substance obtamed fiom the final purification
step was developed on Sihica gel F.,, TLC plates with 91 mixture of
chlotoform and methanol.
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methanol mixture (2:1, v/v) for 6 h at room temperature
with a continuous agitation. The extract was concentrated
under reduced pressure to give 20 g of powder. The IC,,
value of the crude extract against both Jurkat T cells and
U937 cells was 100 pg/ml (Fig. 1A). The extract was
applied on a silica gel column chromatography, which was
eluted stepwise with chloroform and methanol. The active
fraction eluted with chloroform and methanol (8:2, v/v)
was evaporated to achieve dryness. The IC,, value of the
resulted powder (4 g) against Jurkat and U937 was 80-85
ug/ml (Fig. 1A). After development on a TLC plate
(chloroform:methanol = 9:1. v/v). the band corresponding
to Rf 0.43 was scraped off to be extracted with a mixiure of
chloroform and methanol (2:1, v/v). Concentration of the
extract recovered 400 mg of powder exhibiting 20-22 pg/
ml of IC,, value. Further purification of this active fraction
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Fig. 2. UV spectrum of the purilied cylotoxic substance.
One mucrogram of the substance was dissolved m 1 ml of methanol and
analyzed by scanning from 200 to 800 nm

by Sephadex LH-20 column chromatography (eluted with
chloroform:methanol = 1:2, v/v) afforded 50 mg of cytotoxic
compound, of which the IC, value was 10-15 ug/ml
against Jurkat and U937. These results indicate that a
specific activity of the cyloloxic compound increased by
7-10 folds during the purification process. To confirm the
purity of the cytotoxic compound that was obtained from
Sephadex LH-20 column chromatography, TLC analysis
(Silica gel 60 F,,, chlorform:methanol =9:1, v/v) was
carried out. The purified substance appeared as a single
spot with the R, value of 0.45, suggesting that it is pure
enough for a further instrumental analysis (Fig. 1B).

To elucidate the chemical structure of the purified
substance. instrumental analyses including UV, 'H-, “C-
NMR were caried out, The substance showed a typical
UV absorption of chlorophyll at 410 and 665 nm [27]. In
the ‘H-NMR spectrum, aromatic singlet resonances at d 7-
10 ppm indicated the existence of a porphyrin skeleton,
and overlapped methylene signals near 6 1.25 ppm showed
signs of a phytol side chain being present [15]. In the "C-
NMR. spectrim, generally the muddle portion of the
aromatic-olefinic region, containing the signals of the
quaternary o~ and P-pyrrole carbons. is worth special
attention because the chemical shifts of these carbons
appear to show the highest sensitivity to structural alterations
in the macrocyle. As a result of careful investigation into
these signals of the cytotoxic substance. it corresponded
well to the reporied data of the chlorophyll derivalive,
pheophytin @ [22]. However, signals near & 177 ppm and
the sp3 hybridized or aliphatic region with values in a
range of 10-75 ppm scemed to be quite inconsistent with
pheophytin a, suggesting that the cytotoxic compound had
a different side chain to phytol. From these observations, the
cytotoxic compound is presumed to be a derivative of
chlorophyll (Cp-D), more likely pheophytin ¢ with a
different aliphatic alcohol side chain.

Cytotoxic Activity of the Cp-D and Apoptosis Induction
The cytotoxic effect of the Cp-D3 on varions malignant
tumor cells of human and murine origins was determined
by MTT assay. The Cp-ID appeared to have cytotoxicity for
most tumor cells tested and the [C,, values delermined by
MTT assay were in the range from 10 pg/ml to =100 pg/
ml (Table 1). The IC,, value appeared to be 15 ug/ml for
Jurkat, 10 pg/ml for U937, 11.4 pg/ml for HL-60, 70 g/
ml for COLO 320DM, =100 pg/ml for sarcoma 180, and
25 nug/ml for murine normal fibroblast NIH 3T3. These
results indicate thatl the cytotoxic substance Cp-D is more
toxic to leukemia cells than to solid tumors or normal
fibroblast cells.

To determine the cellular mechanisms underlying the
cytotoxicity, the antiproliferating as well as apoptotic effects
of the Cp-I> on Jurkat T cells were investigated. When cells
were treated with the Cp-D at a concentration of 15 pug/mol.
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Fig. 3. '"H-NMR spectrum {A) and “C-NMR spectrum (B) of the puritied cytoloxic substance.
After 10 mg of the substance was disselved n chloroform-d. the NMR spectrum was measured by 400 mHz NMR spectroscopy.

[ H|thymidine incorporation declined very rapidly and was
undetectable in 1 h and this undetectable level was sustained
until 48 h after the Cp-D treatment. This demonstrates that
the treatment of Cp-D resvlts in a rapid blockage of
cellular DNA synihesis (Fig. 4). However, under the same
conditions. cell cycle distribution of the cells was not
significantly changed until 36 h, at which time not only

was the sub-Gl1 peak representing apoptotic cells
detectable but apoptotic DNA fragmentation was also
detected on an agarose gel electrophoresis (Figs. 5 and 6).
Additicnally. when Jurkat T cells were treated with the Cp-
D at varions concentrations ranging from 2.5 to 15 fg/ml
for 48 h, apoptotic DNA fragmentation on an agarose gel
electrophoresis was detectable even in the presence of 2.5
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Table 1. Inhibitory concentration of the Cp-D against
malignantly proliferationg tumer cells.
Cell line IC,; {g/ml)

Jurkat 153.0

uas? 10.0

HL-50 11.4

COLO320DM 70.0

Sarcoma 180 =100

NIH3T3 25.0

The IC.. indicales a concentration of active fracton of Actinidia arguta
Planchon which caused 50% decrease in the number of viable cells based
on MTT assay.
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Fig. 4. Effect of the Cp-D on [*H]thymidine incorporation in
Jurkat T cells.

Conlinmously growing Jurkat T cells {4x10°) were incubated with 15 pg/
ml of the Cp-D in a 96-well plate. Al the 1ndicated tume paints, cells were
processed o assess the incorporation of [*H{thymmde as an index of cell
proliferation.

g/ml of Cp-D (data not shown). These results demonstrate
that antilumor effect of the Cp-D purified from A. arguta
Planchon is caused by the induced apoplotic cell death,
and suggest that the rapid and sustained blocking of
cellular DNA synthesis of continuously proliferating tumor
cells may lead to induction of apoptotic cell death.

Changes of Cdks in Jurkat T Cells Following Treatment
hy the Cp-D

The eukaryotic cell cycle is lypically divided mnto four
phases, These are the periods of DNA synthesis (S phase)
and mitosis {M phase) separated by gaps called G, and G..
Progression through each of these phases in mammalian
cells is governed to a large exlent by the sequential
activation and inactivation of a series of cdks. While the
G,/M transition is regulated by catalytically active cdc?
{cdk | )/eyclin B complexes, the G/S transition requires
cdk2/cyclin E and possibly cdk2/cyclin A complexes [4,
10, 12]. The completion of progression through the G
phase also involves cdk4 and cdk6 complexed mainly with
D type cyclins [18). Involvermnent of dysregalation of cidks
in the apoptotic cell death has been initially supported by
the evidence that premature activation of p34™ kinase is
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Fig. 5. Flow cylomelric analysis of the cell cycle distribution in
Jurkat T cells after treatment by the Cp-D.

Afier Jukat cells were meubated in the presence of 15 pginl of the Cp-D,
and at each tume pomnt cells were harvested Cell cycle analysis was
performed on an cqual number of cells (10%) by flow cytometry after
staining of DNA by propidium odide.

associated with apoptosis [20]. Sequentially, as a potential
mechanism in the antineoplastic drug-induced apoptosis of
tumor cells, the perturbation and subsequent inappropriate
regulation of the catalytic activity of cdks have been
implicated [16, 24, 28, 29].

Since treatment of the Cp-D in Jurkat T cells rapidly
blocks the cellular DNA synthesis that is the central event for
the S phase and since there is no significant accumulation
of the cells in a specific phase of the cell cycle before
undergoing apoptosis under the same conditions. it is
highly likely that perturbation of the catalytic activity of
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Fig. 6. Apoplotic DNA Iragmentation ol Jurkat T cells treated
by the Cp-D».

Conlinuously proliferating Jurkat T cells (4% 10" cells) were mcubated with
the Cp-1) al a concenuration of 15 pg/iml for the limes indicated and then
the cells weie harvested to analyze apoptotic DNA fragmentation by ihe
NP-40 lysis method as described i Materials and Methoeds.

cdks necessary for the GG/S as well as G,/M transitions may
have occurred by the Cp-D. To confirm this prediction. the
change in the protein levels of cdks as well as in their
kinase activities was investigated in Jurkat T cells after
treaiment by 15 pg/ml of the Cp-D. As shown in Fig. 7. the
proteins specific for cdk4. cdk6, cdk?. and cde? were
easily detectable in continuously proliferating Jurkat T
cells by Western blot analysis and the protein level was not
changed significantly unlil 24 h after the drug treatment.
Since the kinase activity of cdks is downregulated by the
specific protein inhibitors (cdk inhibitors) and p27°" is
believed to be a main cdk inhibitor in T cells [8§, 13, 17],

01 6 12 18 24 36 48 h
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Fig. 7. Kinetic analysis of the protein levels of cdkd (A), cdké
(B}, cdk? (C), cdc2 (D). and p27°"' (E) in Jurkat T cells
following addition of the Cp-D.

The cells (G- 8x 10" were incubated at a concentration of 2.5x 10%ml with
15 pg/ml of the Cp-» for the wndicated tumes and preparcd for the cell
lysates. Equivalent amounts of the cell lysale (20 ug) were subjected Lo
electrophoresis ona 11% SDS-PAGE and electrotiansferred 1o Immobilon-
P. The membranes weie probed with ant-cdk4. anti-cdké. anti-cdk2, anti-
cde2, and ani-p27*™, and then with a horse-achsh peroxidasc conjugated
goat anti-rabbil TgG. Detection of cach protein was performed using Lhe
ECL weslem blotling deleclion system

0 | 6 12 18 24 36 4R h
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B) [ ) oo - wedks
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Fig. 8. Effect of the Cp-D on the catalytic activity of cdk4 (A),
cdko (B), cdk2 (C), and cdcZ (D) in Jurkal T cells.

The cell lysate (60 pg), prepared as described In Fig. 7, was
immunoprecipitated with each cdk antibody and then was subjected o o
casein kinasc assay. The kinase reaction mixture was electrophoresed on an
11% SDS-palyacrylamide gel electiopharesis, The gel was dued and the
phosphorylated a-casein was visnalized by autoradiography alter exposire
at - 70°C.

the change in the protein level of p27™ was analyzed as
well. There was a slight decrease in the protein level of
p27" within 6-18h rather than upregulation of p27*
protein (Fig. 7). Under the same conditions, the catalytic
activity of all cdks sach as cdk4, cdk®é, cdk2, and cdc2 rapidly
and concomitantly declined and reached an undetectable or
a minimum level in 1 -6 h following the treatment by Cp-
D (Fig. 8). Subsequently, the kinase activity of all cdks was
simultaneously recovered to the initial level by 12 h and
sustained until 24 h. However, since there was no significant
change in the cell cycle distribution until 24 h, these results
indicate that the Cp-D rapidly inhibits the catalytic activity
of cellular cdks possibly through the post-translationai
regulation irrespective of cell cycle progression. It is
noteworthy that changes in the protein levels of Fas and
Fas ligand were not detected under these conditions (data
not shaown).

Taken together, these results suggest that an inappropriate
regulation of the kinase activity of cyclin-dependent kinases
{cdks) during the cell cycle progression in Jurkat T cells
following the treatment by the Cp-D triggers the apoptotic
cell death. The mechanism responsible for the ragmd and
concomilant inactivation of cdks iacluding cdk4. cdk6,
cdkZ, and cde2 in Jurkat T cells treated by the Cp-D
remains to be elucidated.
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