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Abstract: Problem statement: Cryptolepine, the antimalarial plant alkaloid is tatpxic to
mammalian cells, but there is rather little undmrding of the possible mechanisms involved in the
cell-kill action of cryptolepineApproach: We examined mammalian cells exposed to cryptoéepin
(0.5-5.0 uM) for effects on the cell cycle and ass®d alterations in the levels of major regubator
proteins using immunoblotting and flow cytometResults: Cryptolepine (0.5-5.0 uM) caused a dose-
dependent increase in the sub-G1 from 3.03-31.64%eipG2 and from 13.80-42.82%) in MCL-5,
cell lines with wild p53. Additionally, G1 fractienincreased to 69.17 and 37.49% in HepG2 and
MCL-5 respectively. In both cell lines, the G1 iease was associated with temporal increases in
MDM2 protein, p53 protein and p53'’s target cycliepgéndent kinase inhibitor, p21. Consistent with
the G1 arrest was also a decrease in cyclinciclin A and the hyperphosphorylated form of
retinoblastoma protein, the key modulators of tHecBeckpoint in HepG2 cells. In cells with null-p53
(SKOV3) however, a p53-independent G2 arrest wadeat. Conclusion: The study showed that,
though cryptolepine is cytotoxic irrespective o€ th53 status of the cell line, its effect on thdé ce
cycle appears to depend on the p53 status of théinee The potent cell-kill action of cryptolepn
and its ability to evoke cell cycle arrest in syside cells favor its anticancer potential.
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INTRODUCTION effect of cryptolepine on the cell cycle and its
regulatory proteins. p53 is a key protein knowmplay
Cryptolepine, the major alkaloidal component ofa central role in response to cell toxicity, ind

the West African herbaCryptolepis sanguinolenta™?,  mediating cell cycle arré$t®. Our previous repdf

is a candidate antitumor ag€it Cryptolepine exhibits showed that cryptolepine induced a dose-dependent

potent cytotoxic activity against a wide variety of increase in the sub-G1 population of V79 cells vt

mammalian cell linesin vitro®® but the molecular mutated non-functional p53Y without any obvious

mechanisms underpinning the toxicity is not fully block in the G1, S or G2/M phases. Here, we haee us

understood. The DNA intercalating effects of theHepG2, a human hepatoblastoma cell line with wild-

compounéf! and the generation of reactive oxygentype p53; MCL-5 cells with wild-type p58 and

specie¥! may well contribute to the cytotoxic effects of SKOV3 cells with null-p58° with the objective of

cryptolepine. Recent studies also suggest thatonitoring the effect of cryptolepine on the cefcle

cryptolepine might induce apoptosis or necrosisand the changes associated with the expressioeyof k

depending on the cell tyjfe Cellular responses in the proteins involved in cell cycle control.

form of cell cycle arrest are a common mechanism of

chemical-induced toxicity. Dassonneville and co- MATERIALSAND METHODS

researchef3, reported a G2/M arrest with cryptolepine

in P388 murine leukaemia cells but no detectable ceChemicals and reagents. Cryptolepine (purity >99%)

cycle changes were observed with HL-60 human cellsvas a kind donation from Dr J Addae-Kyereme,

However, there is little understanding on the gassi formerly of the Department of Pharmaceutical
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Chemistry, College of Heath Sciences, Kwamelysed by rapid freeze/thaw and sonication for 30 se
Nkrumah University of Science and Technology,with 500 pL of PBS containing a protease inhibitor
Kumasi, Ghana. Propidium lodide (PI), RNase,cocktail (2pug mL™, Sigma Chemical Co. Ltd, Poole,
acrylamide/bis-acrylamide, Sodium Dodecyl SulphateEngland). Protein concentration of the samples was
(SDS) solution, tween 20, ammonium persulphate, Ndetermined by the Bradford method using a BCA
N, N, N'-Tetramethylethylenediamine (TEMED), tris protein assay kit (Pierce, Rockford, IL) accordiaghe
base, glycerol, bromophenol blue andB- manufacturer’s instructions. Cell lysates were tdiiu
mercaptoethanol were purchased from Sigma Chemicawo fold with sample buffer (0.5 M Tris-HCI, 10% w/
Co. (Poole, England). Glycine and methanol wereSDS, 0.5% bromophenol blue and 5aL B-
obtained from BDH Lab Supplies (Poole, England).mercaptoethanol) and heated at 95°C for 5 min.
Primary antibodies were purchased from Santa CruProteins were electrophoretically resolved at (20n
Biotechnology (Santa Cruz, CA) and secondarya running buffer (25 mM Tris, 192 mM glycine, 1%
antibodies were from Sigma Chemical Co. (PooleSDS, pH 8.3). Fractionated proteins were then
England). Bicinchoninic Acid (BCA) protein reagent transferred on to Hybond-C nitrocellulose membranes
was purchased from Pierce (Rockford, IL). for 90 min at 450 mA in a transfer buffer (25 mMsTr

) . 192 mM glycine, 20% v/v methanol, pH 8.3). Uniform
Cell lines and conditions: HepG2, a human hepatoma protein transfer was checked by Ponceau red stainin
cell line was cultured in Minimum Essential Medium peafore blocking the membranes with 5% non-fat milk

(MEM) supplemented with 10% foetal calf serum o\ 4er in PBST (25 mM phosphate buffered saline,
(FCS). SKOV3, a human ovary adenocarcinoma celb,niaining 0.1% tween-20) for 1 h. Following three

line was grown in McCoy’s 5a (Invitrogen, Paisley, consecutive washin ; ;

; gs with PBST each of 10 min
Sco{ﬂ?nd, UK). MCL-5, a human lymphoblastoid cell duration, the blots were incubated with the primary
line”* was obtained from Gentest (Woburn, MA, antibody in 5% non-fat milk overnight at 4°C. After

USA). These were grown in Gentest RPMI 1640 mecjl"illvashing the blot three times (15 min each with PBST

(without histidine and with 2 mM histidinol for genid . ) o
selection), supplemented with 9% horse seruthe blots were incubated with the appropriate wihs

Additionally, all media contained 2 mM L-glutamine of . horseradish p(_eroxidase-conjugated sec_:ondary
and 100 units of penicillin/streptomycin. MCL-5 Isel ant|bc_)dy (HRP—conJug_ated_ secondary antibody).
were grown to a density of i@ells mL* and sub- Proteins were then visualized using an Enhanced

cultured to 2.510° cells mL every 48 h, Hygromycin Chémiluminescence (ECL) dete’ctiqn kit (Pierce, IL)
B (100 pg mL™%) was added at each sub-culturing foraccor_dmg to the manufacturer’s instructions. _Equal
plasmid maintenance. All cell lines were routinely Protein loading for each lane was confirmed using a
maintained at 37°C in a humidified atmosphere of 59@ntibody toB-actin.
CO,/95% air.

RESULTS
Cel cycle analysis by flow cytometry: One million
(1x10°) exponentially growing cells were seeded in 5 mLEffects of cryptolepine on the cell cycle of growing
pre-warmed media overnight in 25 Trtasks before cells. We reported previously the high sensitivity of
treatment with vehicle (medium) or cryptolepine5(0. V79 cells (with a mutated non-functional p83)to the
5.0 uM prepared in media). Immediately after thetoxicity of cryptolepin&l. Because of the central role of
treatment period, cells were harvested by centfiog ~ p53 in cell cycle contr8f’), we investigated the effect
(200xg), washed twice with PBS and then fixed in 1 mLof CLP on cell lines of different p53 status.
of 70% ethanol at -20°C for 24 h. After removing th In SKOV3 ovarian adenocarcinoma cell line with
ethanol by centrifugation, cells were resuspenided null-p53, changes in the sub-G1 population remained
1 mL of PBS solution containing5g mL™ Propidium  largely unchanged even at the highest dose of 510 u
lodide (PI) and 10Qig mL™* RNase and incubated in a Cryptolepine, following treatment for 24 h (Fig, 1
water bath in the dark at 37°C for 30 min. Sampled®anel a). However, there was an increase in th&1G2/
were then analyzed on a Becton Dickinson FACScaopulation from the control value of 46.98-85.43%&a
flow cytometer. Pl was excited at 488 nM andconcentration of 5.0 uM cryptolepine (Fig. 1, Paag!
fluorescence analyzed at 620 nM. Ten thousan@uggesting that cryptolepine inhibits cell divisiorthis

(10,000) cells were analyzed per data point. cell line. In HepG2 hepatoblastoma cell line withdw
type p53, there were no major changes to the S and

Immunoblotting: Treated cells were harvested by G2/M phases following treatment with increasing
centrifuging at 200 x g for 10 min. Cell pelletsree concentrations of cryptolepine (Fig. 1, Panel b).
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Fig. 1: The effect of cryptolepine on the cell @distribution of SKOV3 (Panel a), HepG2 (Panel b)
and MCL-5 (Panel c) cells. Cells were treated & ihdicated concentrations for 24 h,
harvested immediately after the treatment peribeédfand analyzed with the FACScan flow
cytometer. Ten thousand cells were analyzed peplgarilistograms are representatives of
three experiments with similar results

However, a dose-dependent increase in the sulmbserved (Fig. 1, Panel b). The percentage of debsl
G1 fraction (representing the dead/dying cellincreased from a vehicle-treated control value .683
population) compared to vehicle-treated control was31.64% at 5.0 uM of cryptolepine for 24 h.
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Additionally, there was a substantial increasehim G1
fraction which peaked at 69% in cells treated 1IN0 p
(Fig. 1, Panel b). At higher doses, an increas¢hén
sub-G1 population appeared to be the predominant
effect consistent with the cytotoxic effects of tgent.
Together, the effect of cryptolepine on HepG2 calls
cell line with wild-type p53, could be generalizas an
increase in the sub-G1 and G1 fractions.

To further examine the effect of cryptolepine on
another cell with wild-type p53, MCL-5, a human
lymphoblastoid cell line was used. Interestinglist

25  50uM

: Al 4p53
_— N
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- -
@

i s

(b)

cell line showed a cell cycle profile similar toeth
HepG2 cells, causing a dose-dependent increadeein t
sub-G1 population (Fig. 1, Panel c). Increase ex@&1i
population was also evident after 24 h exposore

0.5 uM cryptolepine (Fig. 1, Panel c). With increasing Fig. 2: Dose and time-dependent induction of p53

concentrations, the G1 population diminished inofav
of increased sub-G1 population (Fig. 1, Panel c).

Effect of cryptolepine on p53: SKOV3, an ovarian
adenocarcinoma cell line with null p53 was treated
with cryptolepine (0.5-5.0uM) and its p53 status
confirmed by immunoblotting with a p53 antibody.3p5
was not detected in either vehicle or treated celéda
not shown), suggesting that the cryptolepine-induce
G2 arrest observed in the cell cycle studies instha
p53-independent mechanism. Cryptolepine caused a
dose-dependent increase in p53 protein levels ig.
Panel a) in HepG2 cells and MCL-5 cells (Fig. 2,
Panel b). Time-course analysis of p53 using 2.5 pM
CLP showed persistent increase at all time-poiptsou
24 h. The increase in p53 was consistent with the G
arrest observed in the cell cycle studies in Hep&&
(Fig. 1, Panel b) and MCL-5 cells (Fig. 1, Panel c)

Effect of cryptolepine on p53 target gene products:

The observation that cryptolepine induce G1 arrest
accompanied by p53 up-regulation in p53-wild type
cells prompted us to study the possible effect of
cryptolepine on p53 target gene products as p53-
induced growth arrest is thought to be mediatedhley
p53-dependent transactivation of f21

SKOV3 cells were treated with cryptolepine (0.5-
5.0 uM). In the vehicle-treated control and at all
concentrations of cryptolepine, p21 was not detkate
the SKOV3 cell line. These results confirm the fpiB
status reported for this c&fi.

In HepG2 cells, temporal changes in p21 protein
expression were studied following treatment with
cryptolepine for up to 24 h. Only a marginal in@@an
p21 over vehicle-treated controls was observed 4fte
yet by 8 h, a massive increase over vehicle-treated
control was observed (Fig. 3, Panel a). Treease,

180

protein by cryptolepine. (a) Panel a shows the
effect of cryptolepine (0.5-5.0 uM) on p53
expression in HepG2 and (b) Panel b in MCL-
5 cells after 24 h treatment. Panel c is the
time-course for cryptolepine (2.5 puM) in
HepG2 cells over a 24 h period. Total cellular
proteins were resolved by SDS-PAGE, blotted
on to nitrocellulose membrane and probed
with a rabbit polyclonal antibody against p53.
In (c) Panel ¢, (+) and (-) lanes represent
lysates from cells treated with and without
cryptolepine respectively. Representative blots
from two experiments with similar results are
shown

Fig. 3: Induction of p21 protein expression by

cryptolepine (2.5uM) in HepG2 (Panel a) and
MCL-5 (Panel b) cells over a 24 h period. Total
cellular proteins were resolved by SDS-PAGE,
blotted on to nitrocellulose membrane and
probed with a rabbit polyclonal antibody
against p21. (+) and (-) lanes represent lysates
from cells treated with and without cryptolepine
respectively. Representative results from two
experiments are shown
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Fig. 4: Induction of MDM2 protein expression chasge
by cryptolepine (2.5u1M) in HepG2 (Panel a)
and MCL-5 (Panel b) cells over a 24 h period.
Total cellular proteins were resolved by SDS-
PAGE, blotted on to nitrocellulose membrane
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and probed with a rabbit polyclonal antibody Fig. 5: Effect of cryptolepine (2.5 uM) on pRB

against MDM2. (+) and (-) lanes represent
lysates from cells treated with and without
ligands respectively. Representative results from
two separate experiments with similar results

which was time-dependent peaked at 12 h but remhaine
elevated compared to the negative control at Zid 8,
Panel a). The changes in p21 correlated well with t
p53 expression in this cell line (Fig. 2). In theCM5
cell line, cryptolepine-induced p53 and p21 expmess
patterns similar to those observed with the Hep@&I.c
MDM?2 is another key target for p53 transcriptional
up-regulatioft®. Time-dependent expression changes
in this protein were therefore studied in the p5&lw

phosphorylation (Panel a) and cyclin Panel
b)/cyclin A (Panel c) protein expression in
HepG2 cells over 24 h. In Panel a, the upper
band ppRB represents the hyperphosphorylated
and the lower band pRB, the
hypophosphorylated form of the retinoblastoma
protein. Total cellular proteins were resolved by
SDS-PAGE, blotted on to nitrocellulose
membrane and probed with the corresponding
antibodies. (+) and (-) lanes represent lysates
from cells treated with and without cryptolepine
respectively. Representative results from two
separate experiments with similar results

type HepG2 and MCL-5 cells. In both cell lines, These observations correlated well with the cellley

treatment with cryptolepine (2./M) induced a time-

data where CLP caused G1 arrest between 8 and 24 h

dependent increase in MDM2 expression (Fig. 4)(Fig. 1, Panel b). The pattern of expression ofiny&

Whilst this increase continued over the 24 h tireequ

followed a similar pattern to cyclin,0Fig. 5, Panel c).

in the MCL5 cells, the effect peaked at 12 h in thelt was virtually undetectable in cryptolepine-tiest

HepG2 cells and had dramatically declined by 24 h.

samples at 8 and 12 h compared to vehicle treated

To explore further the cell cycle effects of controls. The level at 24 h, which was comparable t

cryptolepine on wild-type p53 cells, the expressidn
pRB and key cyclins involved in cell cycle contvaére
examined in HepG2 cells. Treatment with 2uM
cryptolepine resulted in a decrease in the pRBefmot
expression and pRB phosphorylation
(hyperphosphorylated pRB) (ppRB) in a time-

control levels, was expected as G1 accumulation was
not observed at this time point.

DISCUSSION

The anti-malarial action of cryptolepfhe*® and

dependent manner (Fig. 5, Panel a), strongly stigges its cytotoxic activity’”™ are well established. However,
that pRB has a role in cryptolepine-induced Glsirie  there is little understanding of the molecular ésen
HepG2 cells. associated with the cytotoxicity, though this coble

The effect of cryptolepine on the expressionlinked to the DNA intercalating effects of the
changes of cyclin Pwas also studied. Cyclin D compouné or the ability of cryptolepine to generate
expression was constant for the first 4 h for bothreactive oxygen speciés Because growth changes in
vehicle- and cryptolepine-treated cells (Fig. 5néla the form of cycle arrest is a common mechanism of
b). Between 8 and 24 h however there was a massivdhemical-induced toxicity, we hypothesized that
up-regulation in vehicle-treated controls canmgul  cryptolepine toxicity could be associated with ositle
to cryptolepine-treated samples (Fig. 5, néPa b).  changes.
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Dassonevilleet al.®! showed a G2/M arrest with MDM2 gene is a direct target for positive
cryptolepine in P388 murine leukaemia cells but notranscriptional activation by p§3°°,
detectable cell cycle changes were observed in GIL-6 In our experiments, p53 up-regulation was
human cells. They suggested that the HL-60 leukaemiassociated with increased expression of its tacg&t
cells were prone to enter apoptosis rather thdrcgele  inhibitor, p21, but a hypo-diploid peak (apoptatils)
delay due to the lack of functional p53. This lietit was also observed in the cell cycle studies. Thigyab
knowledge on the cellular effects of cryptolepineof p53 to effect a G1 arrest, as observed in theeot
warranted further studies. We have therefore exadhin studies using HepG2 and MCL-5 cells, depends on the
the effects of cryptolepine on the cell cycle usogdl  transcriptional regulation of its target genes ipatarly
lines with different p53 status. p21Va/CPL 5 cdk inhibitor capable of silencing the

Studies on SKOV3 cells, a human ovariancdks that are essential for S phase é&fitrp21 levels
adenocarcinoma p53-null cell 1@ in the present were elevated by cryptolepine treatment in HepG® an
study showed a cryptolepine-induced G2/M arrestMCL-5 cells. The increase however lagged that & p5
Immunoblotting of treated cell lysates confirmea th indicating that as expected, the rise in p2l1 was
lack of p53 expression and its target cdk inhibjg@d  dependent on p53. Together, these observations
suggesting that the observed G2/block was indepgndestrongly suggest that the G1 arrest in these sl
of p53 and p2l1l. Cryptolepine is reported to be awas p53- and p21-dependent.
topoisomerase Il (topo I1) inhibitf®. Clifford et al.* The cyclins are key proteins that regulate the
reported the induction of G2 arrest by etoposide (dransition through the cell cydfd. Cyclin dependent
topoisomerase Il inhibitor) in HT1080 cells expirgs kinases (cdks) are serine/threonine kinases thainhe
a dominant-negative form of p53 by etoposide. Thisactivated when associated with the cyclins. Cetlley
suggests that the etoposide-induced G2 arrest lsas a progression is strictly controlled by cdk complexes
independent of p53. This report together with ourconsisting of catalytic subunits (cdks) and reguhat
present observation of cryptolepine-induced G2sarre subunits (cyclind}®. For example, cyclin D increases
in SKOV3 cells would suggest a causal relationshign early to mid G1 phase and regulates Cdk4 andbCdk
between the reported topo Il inhibitory action of pRB is phosphorylated or dephosphorylated at differ
cryptolepine and the observed G2 arrest in SKOV3tages of the cell cy¢fd. Under normal conditions,
cells. Chromosomal segregation requires active tbpo pRB is maintained in an underphosphorylated active
whose activity peaks at mitosis; as a result, ttpo state through much of the G1 phase and becomes
targeting agents are known to arrest the cell cgtle inactivated by further phosphorylation in the l&é
G2/M?2% 1t is proposed here that the cryptolepine-phase, releasing sequestered E2F family transmmipti
induced G2 arrest in SKOV3 cells may be due to itsegulators, which enable cells to progress to the S
topo Il inhibitory actions, independent of p53. phas€°%¢. Cyclin D1/Cdk4 activity is required for this

Considering the critical role of p53 as the phosphorylation and without phosphorylation, pRB
“genomic guardiaf’”, we performed investigations in maintains it's binding to E2F and S phase progoessi
HepG2 and MCL-5, which are p53 wild-type cells. Inis prevented, leading to G1 arrest. In addition3-p5
response to genotoxic stress, mammalian cellsatetiv dependent induction of p21 leads to PpRB
the cell cycle checkpoints at the G1/S and G2/Mdephosphorylation and consequent G1 dffest
transition&> and p53 is an important regulator of these In the present study, CLP induced G1 arrest, up-
checkpoint functiof®?® by inducing a cell cycle regulated p53 and p21 and promoted the
arrest. This process extends the time availabl®féA  dephosphorylation of hyperphosphorylated pRB. These
repair before the cell enters the critical S angpiMses findings are consistent with evidence showing tiRB
of the cell cycle. In the event of severe and mreple is an important requirement in G1 arrest inducedaby
damage, p53 launches the apoptotic pathway bythirec variety of DNA damaging ageftd. Cyclin D/Cdk4
activating death genes such as BAX or down-requdati facilitates the synthesis of cyclin E in late Glapé,
transcription of survival genes such as BC1%12 which in turn activates cdk2, cyclin A productionda

In the present study, cryptolepine caused a GDNA synthesis. The decrease in the levels of cyblin
arrest in HepG2 and MCL-5 cells. Accompanying theand A by cryptolepine in our experiments is therefo
G1 arrest was a massive up-regulation of p53 im botconsistent with the decrease in hyperphosphorylated
cell lines indicating that CLP-induced G1 arrest inpRB and the observed G1 arrest. Like other DNA
these cell lines is p53-dependent. Furthermoredamaging agents, this study has shown that in plf3 w
MDMZ2 levels increased in a similar pattern to tf8p type cells, CLP triggers a checkpoint action anlkyke
accumulation, consistent with the notion that thecell cycle progression. The cryptolepine-inducedley
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delay would presumably allow sufficient time for BN 2.
repair to ensure fidelity before entry into mitosis
induce cell death in susceptible cells.

The ability of CLP to cause G2 arrest in SKOV3, a
p53-null cell line and the induction of G1 arresta
wild-type p53 cell line (HepG2) is intriguing bubt
surprising. The G2 arrest in SKOV3 is likely to thee 3.
to the topo Il inhibitory action of the agents. time
HepG2 cells, the p53-mediated G1 arrest probably
overrides any topo Il inhibition since G1 arrestulb
precede mitosis where topo Il function is required.
Furthermore, p53 is known to mediate the
transcriptional repression of topd®{l. It is expected
therefore that in wild-type p53 cell lines, p53-dagent
G1 arrest would predominate over topo |l mediated G
arrest. Though it is not always possible to geiesadr
predict the effect of an agent on a particular betl or g
groups of cell lines, this study shows that crygpahe-
induced cell cycle perturbation depends on the p53
status of the cell line. Irrespective of the p5atiss,
cryptolepine induces an increase in the sub-G1
population, indicative of cell death. However, iB3p
wild-type cells (HepG2 and MCL-5), the accompanyingg
cell death was lower than that reported for V79scel
(mutant p53f.. Since p53 is mutated in most tum¥s
it appears reasonable to suggest that cryptolepisme
be selectively toxic to tumor cells. The advantage
offered by such an anti-cancer agent is likely & b 7.
valuable. The potent cell-kill action of cryptolapi its
ability to suppress clonal expansibrand induction of
cell cycle arrest as demonstrated in the presetyst
favor its anti-cancer potential. 8.

CONCLUSION

Overall, the study shows that, though cryptolepiney
is cytotoxic irrespective of the p53 status of tedl )
line, its effect on the cell cycle appears to depen the
p53 status of the cell line. The potent cell-kitian of
cryptolepine and its ability to evoke cell cycleest in
susceptible cells favor its anticancer potential.
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