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Propolin H from Taiwanese Propolis Induces G1 Arrest in
Human Lung Carcinoma Cells
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Propolis, a natural product collected by honeybee, has been reported to exert a wide spectrum of
biological functions. In this study, we have isolated a novel component, namely, propolin H, and
investigated its effects in human carcinoma cells. Propolin H inhibited the proliferation of human lung
carcinoma cell lines in MTT assay, and a significant G1 arrest was observed to occur in a dose-
dependent manner at 24 h of exposure in H460 cells. After treatment with propolin H in H460 cells,
the content of the CDK inhibitor p21Waf/Cipl protein increased in correlation with the elevation in p53
levels. Western blot analysis of G1 regulatory proteins further revealed a decrease in cyclin-dependent
kinase 2 (CDK2) and CDK4 and an increase in cyclin E. The CDKs kinase activities assay showed
that propolin H has inhibited CDK2 and CDK4 kinase activities. Accordingly, coimmunoprecipitations
revealed an increased association of both CDK2 and CDK4 immunoreactive protein with the p21Waf/Cipl
protein complex under propolin H-treated conditions. Additionally, we found that propolin H enhanced
the expression of p21Wafl/Cirl in p53-mutant and p53-null lung carcinoma cell lines, following the
induction of G1 arrest. Together, these findings suggest that the induction of p21Wafl/Cirl expression
occurred through p53-dependent and -independent pathways in propolin H-treated cells. Propolin H
exerts its significantly growth inhibitory effects and may have therapeutic applications.
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INTRODUCTION antioxidant, antibiotic, antiviral, and anti-inflammatory activities
(13—-17). The largest constituents of propolis are defined as
ferpenes, various phenylpropane derivatives such as caffeic acid
esters, flavonoids, amino acids, or a large number of aldehydes
and ketones18—20). We previously isolated six novel pre-
nylflavanones from Taiwan propolis, named propolins A, B,

The proliferation of mammalian cells is normally determined
by extracellular signals that engage a program of gene expressio
and protein regulation required for cell divisioh @). The first
gap phase (G1) and initiation of DNA synthesis (S) during the
cell division cycle are cooperatively regulated by several key

molecules, including cyclin-dependent kinases (CDKs) and their & D E, and FEigure 1) (21—23). Propolins A and B have
inhibitors (CDKIs) 8—5). Several checkpoints control a signal- hydrated geranyl side chains, and propolin C has an unhydrated

ing system that changes the activity of CDKs, monitoring DNA geranyl §ide chain. Our st_udies indi_cated that propolin C induced
damage and delaying cell cycle progressi2ng). Two major apopt0_5|s through a mltqchc_)nqlna-d_ependent pathway,_ and
pathways involved in the cellular progression from thetG propol!n C was more effective in inducing apoptosis than elther
the S phase include the Rb (Rb, cyclin D1, and'¥#8) cell prppolln A or Bin human melanoma cells. Moreover, propol!n

cycle pathway and the p53/pPa/Cirl G,—S checkpoint arrest C is a potential antlox_|dant age_nt e}n_d show_s a str(_)ng capat_)ll_lty
pathway (7—10). p21a/Cipl one of the CDK inhibitors, was to scavenge free radicals and inhibit xanthine oxidase activity

identified as a p53-responsive gene, and it plays a critical role (1, 22} 24). . . .
in p53-induced G1 arrest (11). In this study, a new component, propolin H, was identified,

Propolis is a resinous substance collected by honeybees frorr@d its biological activities were characterized. The modulation
various plant sources, and it is used in the construction and effects associated with p53 that regulate the cell cycle were

maintenance of their hives (12). Propolis is alleged to possessinvestigated. Our data suggested that propolin H could be
a broad spectrum of biological activities, including antitumor, Peneficial in chemoprevention.
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Figure 1. Structures of propolins.

Taiwan) was homogenized by stirring af@ and was washed three  methanol/water. Th&H and*3C NMR data of propolin H are compiled
times with 0.7 L of deionized water. The residue was extracted three in Tables 1and2.

times with 95% ethanol. The filtered ethanol extract was evaporated  Cell Culture and Cytotoxicity Assay. Human nonsmall cell lung

to dryness under reduced pressure to furnish a brown powder, whichcancer (NSCLC) p53 wild-type H460, p53-mutant H1155, and p53-
was kept at-20 °C until further purification. The brown powder from  null H1299 cell lines were obtained from the American Type Culture
the ethanol extract was dissolved in methanol and applied to a SephadexCollection (Manassas, VA) and cultured in RPMI-1640 medium
LH-20 column (Amersham Pharmacia Biotech AB) using 95% ethanol (Hyclone Laboratories, Logan, UT) supplemented with 10% fetal calf
as the eluting solvent. All eluates, including fractions from the follow- serum (FCS, Hyclone Laboratories) and 100 U of penicilktrepto-

up chromatographies, were assayed on human melanoma proliferationmycin. Cells were maintained at 3T in a humidified atmosphere at
and the active fractions were again chromatrographed on Sephadex LH-95% air and 5% C@ All cells (1 x 10% per well were cultured in 96

20 column using 95% ethanol to elute. The active fractions were well plates. After incubation for 24 h, cells were washed and treated
subjected to silica gel column chromatrography (Kiesel gel, E. Merck) with different concentrations of propolin H in each well in triplicate
using a solvent system of-hexane—EtOAc. Purification of the most ~ for 24 h. Cell viability was determined by the MTT assay.

active fraction g-hexane:EtOAc= 40:60) was carried out on a reverse- Cell Synchronization, Drug Treatment, and Flow Cytometric Cell
phase preparative high-performance liquid chromatography (HPLC). Analysis. After 24 h of plating of the cells, the medium was removed.
Fractions of retention times at 28 min containing propolin H were Cells were washed three times with phosphate-buffered saline (PBS)
collected. The conditions were as follows: column-Luna Phenomenex, and then incubated with serum-free medium for 24 h. Under these
C18, 250 mmx 10 mm (United States); solvent system, methanol: conditions, cells were arrested in the GO/G1 phase, as determined by
water (8:2); flow rate, 3 mL/min; and detection, UV 280 nm. Propolin  flow cytometry analysis. The serum-free medium was removed and
H was obtained as a slightly yellow powder from the eluate of 80% changed to the fresh medium containing 10% FCS. Propolin H or E
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Table 1. H NMR Data of Propolin H and Propolin E2 in CDClz?

position propolin H oy (J, Hz) position propolin E oy (J, Hz)
26 CH 5.30 (dd, 12.8, 2.9) 26 CH 5.20 (dd, 11.6, 3.0)
36 CH, 267(dd, 17.1,3.1) 34 CH,  2.60(dd, 17.1, 3.0)
30 3.10(dd,17.1,128) 3« 3.10(dd, 17.1, 11.6)
6 CH 5.86 (d, 2.1) 6 CH 5.86 (d, 20)
8 CH 5.88 (d, 21) 8 CH 5.88(d, 2.0)
2 CH  7.15(d,2.0) 2 CH  7.16(d,2.1)
5 CH  6.77(d,82) 5 CH  677(d,8.2)
6' CH  7.11(dd,8.3,2.2) 6 CH  7.10(dd, 8.2 2.)
1" CH,  3.34(d, 7.0 1" CH,  3.32(d, 6.6)
2" CH 5.31(t, 7.0) 2" CH 53
4" CHs  1.69(s) 4" CHs  1.69(s)
5" CH,  2.03(t7.3) 5" CH,  2.03(t 6.8)
6" CHy 2.10(m) 6 CH, 1.50(m)
7" CH 510(73) 7" CH, 140 6.8)
9" CH3  1.55(s) 9" CH;  1.13(s)
10" CHz  1.61(s) 10" CHz  1.13(s)

a Data taken from ref 23. b Assignments were based on the HMQC and HMBC
NMR data.

Table 2. 13C NMR Data of Propolin H and Propolin E2

carbon propolin Hin propolin E in

no. CDClz 6¢ CDClz6¢
2 80.7 80.6
3 44 44.2
4 197.8 197.8
5 164.9 164.8
6 97 97
7 168.4 168.4
8 96.2 96.2
9 165.4 165.2
10 103.3 103.4
1 130.8 130.9
2 128.9 128.9
3 129.5 129.5
4 156.7 156.7
5 115.9 119.5
6' 126.2 126.3
1" 29.1 29.1
2" 123.7 123.7
3" 137 137.2
4" 16.2 16.1
5" 40.9 41.2
6" 21.7 23.7
7 125.3 44.3
8" 132.2 715
9" 17.8 29.2
10" 25.9 29.1

2Data taken from ref 23. Assignments were also based on the HMQC and
HMBC NMR data obtained, respectively.

solutions were prepared by dissolving this compound in a final
concentration of 0.1% (v/v) dimethyl sulfoxide (DMSO). The cell cycle
progression was measured by flow cytometry analysis.

Western Blot Analysis. Treated and untreated cells were rinsed
twice with ice-cold PBS and then lysed in an appropriate extraction
buffer (10 mM Tris-HCI, pH 7; 140 mM sodium chloride; 3 mM
magnesium chloride; 0.5% [v/v] NP-40; 2 mM phenylmethylsulfonyl
fluoride; 1% [w/v] aprotinin; and 5 mM dithiothreitol) for 30 min on
ice. The extracts were centrifuged for 30 min at 12Proteins were
loaded at 5Qcg/lane on sodium dodecyl sulfate (SBDS)olyacrylamide
gel and then transferred to nitrocellulose membranes. The membrane
were blocked for 30 min at room temperature in PBS plus 0.5% Tween
20 containing 1% bovine serum albumin and then incubate@ foat
room temperature with 1:1000 dilution of one of the mouse monoclonal
antibodies against human cyclin D1, CDK2, p27 (1:1000 dilution, Santa
Cruz, CA), p21 op-actin (1:1000 dilution, Transduction Laboratories,
KY), or rabbit polyclonal anti-human CDK4, cyclin E (1:1000 dilution),
and p53 (1:1000 dilution, Transduction Laboratories) antibody. After

J. Agric. Food Chem., Vol. 55, No. 13, 2007 5291

washing, the membranes were incubated for 60 min &C®&ith the
1:3000 dilution of appropriate horseradish peroxidase-labeled secondary
antibody, and bound antibody was visualized and quantified by
chemiluminescence detection (Amersham, IL). Actin was used as the
internal control. The amount of the protein of interest, expressed as
arbitrary densitometric units, was normalized to the densitometric units
of actin. The density of the band was then expressed as the relative
density as compared to that in untreated cells (control), which was taken
as one-fold.

Immunoprecipitation and CDKs Kinase Assay. For the CDK
kinase assay, lung cancer cells H4603.(P/dish) were precultured
in 100 mm culture dishes for 24 h and then starved for 24 h. After
starvation, cells were changed to fresh, complete medium and treated
with 0 or 40 uM propolin H for 24 h. After 24 h of propolin H
treatment, H460 cells were rinsed twice with ice-cold PBS and lysed
with Gold lysis buffer (10% glycerol, 1% Triton X-100, 1 mM sodium
orthovanadate, 1 mM EGTA, 5 mM EDTA, 10 mM NaF, 1 mM sodium
pyrophosphate, 20 mM Tris-HCI, pH 7.9, 10M S-glycerophosphate,
137 mM NaCl, 1 mM PMSF, 1Qug/mL aprotinin, and 1Q:g/ mL
leupeptin) for 30 min at 4°C. The cell lysate was clarified by
centrifugation at 120affor 30 min at 4°C. A total of 250ug of protein
was incubated with anti-CDK2 or anti-CDK4 antibody and protein A/G
plus agarose (Santa Cruz, CA) for 18 h &Ct The immunoprecipitate
was washed thrice with immunoprecipitate buffer (1% Triton X-100,
150 mM NacCl, 10 mM Tris, pH 7.4, 1 mM EDTA, 1 mM EGTA, 0.2
mM sodium vanadate, 0.2 mM PMSF, and 0.5% NP-40) and thrice
with kinase buffer (50 mM HEPES, pH 7.4, 10 mM MgC2.5 mM
EDTA,

10 mM g-glycerophosphate, 1 mM NaF, and 1 mM DTT for CDK4;
50 mM HEPES, pH 7.4, 10 mM Mggl2.5 mM EDTA, and 1 mM
DTT for CDK2).

For the immunoprecipitation western analysis, the CDK2 and CDK4
immunoprecipitates were resuspended inu25f lysis buffer, mixed
with 5x Laemmli’s loading buffer, and separated by SB#®lyacryl-
amide gel electrophoresis (PAGE) and then transferred to nitrocellulose
and blotted with anti-p21. In each case, blots were stripped and reprobed
with the antibody used for immunoprecipitation.

For the kinase assay, the CDK2 and CDK4 immunoprecipitates were
washed with one of two kinase buffers (50 mM HEPES, pH 7.4,
10 mM MgChk, 2.5 mM EDTA, and 1 mM DTT for CDK2; the same
buffer but with 10 mMp-glycerophosphate and 1 mM NaF for CDK4)
thrice. The kinase reactions were carried out in a final volume of
40 uL containing 2ug of histone H1 (Calbiochem, San Diego, CA) or
1 ug of Gst-Rb (Santa Cruz), 2eM cold ATP, and 5:Ci [r-3%p] ATP
(5000 Ci/mmol, Amersham) and incubated for 20 min at@5Each
sample was mixed with 16L of Laemmli’s loading buffer to stop the
reaction, heated for 10 min at 10C, and subjected to SDS-PAGE.
The gels were dried, visualized by autoradiography, and quantified by
densitometry (1S-1000 Digital Imaging System). The kinase activities
in each treatment were normalized with the levels of immunoprecipi-
tation loading control as the relative activities as compared to that in
untreated cells (control), taken as 100%.

Statistical Analysis.The results were expressed as mearssandard
errors (SEs) calculated from the specified numbers of determination.
Comparisons were subjected to one-way analysis of variance followed
by Fisher’s least significant difference test. Significance was accepted
atp < 0.05.

RESULTS

Purification and Identification of Propolin H. Propolin H
(Figure 1) was isolated after repeated chromatographies of the
95% ethanol extract of the propolis glue under the guidance of
human melanoma proliferation. Final purification of the active

Sraction was achieved by HPLC on a reversed-phase column.

The total content of the active component, propolin H, was 1.8%
of the propolis glue. BothH and*C NMR (in CD;OD, Tables

1 and?2) displayed absorptions characteristic of the prenylfla-
vanone type, very similar to those of propolin E, the more polar
component, and isolated from the same source (1.2%) The
high-resolution mass spectrometry of a pure sample of prolopin
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H indicated an [M} of 408 with the molecular composition
CusH2606. The main structural differences of propolins H and
E are a water molecule elimination in the geranyl side chain.
Moreover, the geranyl substitution is also on the B ring at C-3,
the same as that of propolin E, judging from the coupling
patterns of the two aromatic ringg{5.86, d,J = 2.1 Hz; 5.88,
d,J=21Hz 6.77,dJ = 8.2 Hz; 7.15, dJ = 2.1 Hz; and
7.11, dd,J = 8.2, 2.1 Hz). Propolin H is a novel compound
characterized from Taiwanese propolis.Tables 1and2, a

Weng et al.

Down-Regulation of Cyclin D, Cyclin E, and Associated
CDK Protein Levels, and CDK2- and CDK4-Associated
Kinase Activities in Propolin H-Treated H460 Lung Cancer
Cells. It is well-known that cyclin D, cyclin E, CDK2, and
CDKA4/6 cooperate to promote G1 phase progresseib). To
examine whether propolin H regulated the expression levels of
these proteins in the G1 phase, H460 cells were synchronized
by serum-free medium for 24 h and then serum-supplemented
medium containing 4&M propolin H for various time points

complete assignment of each proton and each carbon of(0: 3, 6, 12,18, and 24 h). After cells were harvested, western

propolins E and H ird-methanol is compiled on the basis of
the two-dimensional NMR data [heteronuclear multiple quantum

blot analyses were done with anti-cyclin D1, E, CDK2, and
CDK4 antibodies, respectively. As shown figure 3A, the

coherence (HMQC), heteronuclear multiple bond correlation protein levels of CDK2 and CDK4 fell following treatment with

(HMBC), and nuclear Overhauser enhancement spectroscopy)p

observed.

Propolin H Inhibits Cell Proliferation and Induces G1
Phase Cell Cycle Arrest in Human H460 Lung Cancer Cells.
To investigate the growth inhibitory effect of propolin H in
tumor cells, we first assessed the antiproliferation efficacy of
propolin H on human H460 lung cancer cells. These cells were
treated with 68-80 M propolin H in 0.1% DMSO for 24 h,
and the cell viability was measured by MTT assay (Figure 2A).
The inhibitory effect was obvious after 24 h of treatment of
20—80uM propolin H in these cells, and the cell viability of
20, 40, and 8uM propolin H-treated cultures fell by ap-

ropolin H at the experimental time points. The protein levels
of cyclin E decreased at time points ranging from 6 to 18 h
with 40 uM propolin H in H460 cells. However, cyclin E was
up-regulated at the time points of 24 h in propolin H-treated
H460 cells. Otherwise, the protein level of cyclin D1 has been
found slightly different between DMSO- and propolin H-treated
cells.

Itis well-known that cyclin D, cyclin E, CDK2, and CDK4/6
cooperate to promote G1 phase progression. To further verify
whether the propolin H-induced down-regulation of CDK2 and
CDK4 was associated with the enzyme activities of various
cyclin—CDK complexes, an in vitro kinase assay was per-
formed. Histone H1 or Gst-Rb was used as a substrate in

proximately 14.8, 13.2, and 20%, respectively. In contrast, immunoprecipitation experiments performed with antibodies
propolin E has also decreased the proliferation of H460 cells against CDK2 and CDK4, respectively. The H460 cells were
in a dose-dependent manner. After 24 h of incubation, the cell synchronized by serum-free medium for 24 h and then serum-
viability of 5, 10, 20, 40, and 82M propolin E-treated cultures  supplemented medium containing DMSO or 4Rl propolin

fell by approximately 19.2, 22.1, 23.5, 31.4, and 39.0%, H for 24 h. Lysates from cells treated with propolin H (481)
respectively. We also examined the growth inhibitory effect of for 24 h showed a significant decrease in kinase activities
propolins H and E on human A2058 melanoma cefigre (Figure 3B). Densitometric analysis showed that kinase activi-
2B). Our data showed that both propolins H and E also inhibited ties of CDK2 and CDK4 were decreased about 40 and 50%,
cell proliferation of A2058 melanoma cells in a dose-dependent respectively, in propolin H-treated cells. A propolin H-mediated
manner. After 24 h of treatment, the cell viability of 5, 10, 20, decrease of CDK2 and CDK4 protein levels was consistent with

and 40uM propolin H-treated A2058 cells fell by approximately
3.7, 38.5, 59.4, and 76.8%, respectively. In propolin E-treated
A2058 cells, the cell viability fell by approximately 2.8, 11.2,

reduction in their kinase activities. These results suggested that
propolin H may inhibit the G%S transition-related CDKs kinase
activities, which should contribute to G1 arrest.

30.7, 23.5, and 54.5% after treatment with various concentrations Effects of Propolin H on Protein Expression of CDK

propolin E for 24 h (5, 10, 20, and 40M, respectively). To
examine the reversibility of the propolin H-induced growth
inhibition, the H460 cells were treated with-80 «M propolin

H. After 24 h of treatment, propolin H was removed and
replaced with fresh mediuntigure 2C suggested that the
inhibitory effect of propolin H was irreversible and was
sustained to 48 h.

To assess whether propolin H-induced cell growth inhibition
is mediated via alternations in cell cycle progression, H460 cells

were synchronized by serum-free medium for 24 h and then by p21WafliCipl gnd p2¥ipl

serum-supplemented medium containing propolin H (0, 5, 10,
20, and 4QuM). To evaluate the effect of propolin H on cell
cycle phase distribution, flow cytometry analysis was performed.
As shown inFigure 2D, propolin H induces a G1 phase cell

Inhibitors p21Wafl/Cipl 27Kl and p53 in Human H460
Lung Cancer Cells.Numerous studies have shown that CDK
inhibitors (CDKIs) regulate the progression of cells in the GO/
G1 phase and an induction of CDKIs causes a blockade of G1/S
transition thereby resulting in cell cycle arre8t b, 6, 8). To
determine whether propolin H induces the expressions of
CDKls, we first examined the effects of propolin H on the
expressions of p24afl/Ciel and p2¥iPl protein in H460 cells.
After treatment of propolin H with various time points, cells
were harvested and western blot analyses were done with anti-
antibodies, respectively. As shown in
Figure 4A, the protein levels of p24afl/Cirl displayed a
maximum increase at 18 h (2.1-fold) in propolin H-treated H460
cells. However, p2¥P! displayed a decrease after propolin H
treated for 24 h. The increase of J&i/CiPl protein has been

cycle arrest in a dose-dependent manner. The percentage of cellgeported to occur through either p53-dependent or p53-

in G1 phase increased 57.8% in control and 75.1% withMO
treatment of propolin H. In contrast to propolin H, propolin E

independent mechanisms. The p53MZ¥Cirl signaling plays
a critical role in regulating the G4S transition in response to

did not increase cell cycle arrest at the G1 phase in H460 cellsa variety of cellular stresse$§,(8). Therefore, we furthermore

(Figure 2E). Furthermore, treatment with 40M propolin H

examined the effect of propolin H on the protein levels of p53

sustained G1 arrest at time points ranging from 0 to 24 h in in H460 cells. Our data showed that the protein levels of p53
H460 cells. Propolin H caused a roughly 18% increase in G1 had been observed as 1.5-fold increases at 18 h and sustained
arrest at 4QM for 24 h in H460 cells Figure 2F). for 24 h (Figure 4A) in propolin H-treated H460 cells.
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Figure 2. Growth inhibitory effects of propolin H on lung carcinoma H460 cells. Dose-dependent inhibition of cell viability was observed in (A) lung
carcinoma H460 and (B) human A2058 melanoma cells treated with various concentrations of propolin E and propolin H. Lung carcinoma H460 and
human A2058 melanoma cells were maintained in 96 well plates at a density of 1 x 10* cells/well for 24 h. Cells were treated with propolin E or propolin
H at a dose of 0, 5, 10, 20, 40, and 80 «M for 24 h. The MTT assay was performed as described in the Materials and Methods. The percentage of viable
cells was calculated as a ratio of Agonm Of treated cells vs control cells (treated with 0.1% DMSO vehicle). (C) Reversibility of the propolin H-induced
inhibition of cell viability. Propolin H-induced inhibition of cell viability was not reversed by removal of propolin H. The H460 cells were incubated in
culture media supplemented with 10% serum and 0.1% DMSO without or with various doses of propolin H (0, 10, 20, 40, and 80 uM) for 24 h. After
24 h of treatment with propolin H, the cells were washed twice with PBS and replaced with fresh 10% serum without DMSO or propolin H. The propolin
H-induced inhibition of cell viability was sustained for at least 48 h after removal of propolin H. (D) Effects of propolin H on cell cycle distribution. H460
cells were treated for 24 h with 0, 5, 10, 20, and 40 M and subjected to flow cytometry analysis for the distribution of cells in the cell cycle as described
in the Materials and Methods. (E) Effects of propolin E and propolin H on G1 phase cell cycle distribution. Cells were treated with propolin E or propolin
H and flow cytomerty analysis for the G1 phase cell cycle distribution. (F) Time-dependent induction of G1 cell cycle in propolin H-treated H460 cells.
Cells were treated with 40 «M propolin H for indicated times (0, 4, 12, and 24 h), and cell cycle analysis was performed as described in the Materials
and Methods. Three samples were analyzed in each group, and values represent the means + SE. Significance was accepted at p < 0.05. The symbol
(*) indicates that the propolin H-treated group is different from control group.

The p2Wafl/Cirlhelongs to the Cip/Kip family of endogenous  immunobloted by anti-p2¥a/Cirl antibody. As shown iffrigure
CDK inhibitors, which regulate CDKs activity through direct 4B, the levels of CDK2-p21afl/Cirl gnd CDK4-p21vail/Cipl

binding (3,5, 6). To examine whether propolin H inhibited  complexes increased after propolin H had been administered
CDK2 and CDK4 kinase activities through the association ¢, 54  jn H460 cells. Densitometric analysis showed 1.6-fold

between p2#afl/Cipl gnd CDK2 or CDK4, H460 cells were . . . o

synchroniged by serum-free medium for 24 h and then serum- '"¢"€a5€s 1N the bound protein levels of Jf25"with CDK2
supplemented medium containing DMSO or 4Rl propolin as compared with control. Meanwhile, the bound levels of
H for 24 h. After 24 h of incubation, cell lysates were P21Va/CPlwith CDK4 increases were 1.4-fold as compared

immunoprecipitated by CDK2 or CDK4 antibodies and then with control.
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Figure 3. Effects of propolin H on the protein levels of cyclins, and CDKs and kinase activities of CDKs in lung carcinoma H460 cells. (A)
Effects of propolin on the expression of cyclin D1, E, CDK2, and CDK4 in lung carcinoma H460 cells. The H460 cells were synchronized by serum-free
medium for 24 h and then serum-supplemented medium containing DMSO or 40 «M propolin H for various time points (0, 3, 6, 12, 18, and 24 h). After
the cells were harvested, western blot analyses were done with anti-cyclin D1, cyclin E, CDK2, CDK4, and fS-actin antibodies as described in the
Materials and Methods. Results from a representative experiment are shown. The bottom panel of each band indicates the
fold change in band intensity as compared with that of 0 h at each treatment time. (B) Effects of propolin H on the kinase activities of
CDK2 and CDK4 in cell-free system. H460 cells were synchronized by serum-free medium for 24 h and then serum-supplemented medium containing
DMSO or 40 uM propolin H for 24 h. After 24 h, cells were harvested for immunoprecipitation, and kinase activities were performed as described in the
Materials and Methods. The kinase activities associated with CDK2 immunocomplexes were analyzed with histone H1, and CDK4 was analyzed with
Gst-Rb as the substrate. CDK2 and CDK4 levels were used as loading controls. The kinase activities in each treatment normalized with the levels of
immunoprecipitation loading control are shown. Three samples were analyzed in each group, and values represent the means + SE. Significance was
accepted at p < 0.05. The symbol (*) indicates that the propolin H-treated group is different from the control group.
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Figure 4. Effects of propolin H on the expression of CDKI and p53, and CDKs—CDKI complex in lung carcinoma H460 cells. (A) Effects of propolin on
the expression of p21Wafl/Cipl n27KiPL and p53 in lung carcinoma H460 cells. H460 cells were synchronized by serum-free medium for 24 h and then
serum-supplemented medium containing DMSO or 40 M propolin H for various time points (0, 3, 6, 12, 18, and 24 h). After the cells were harvested,
western blot analyses were done with anti-p21Wafl/Ciel p27Kirt n53 and S-actin as described in the Materials and Methods. (B) Effects of propolin H on
the formation of CDK2-p21Wafl/Cipt and CDK4-p21Wail/Ciel complexes. Cells were treated with 40 uM propolin H for 24 h and immunoprecipitated with
anti-CDK2 or CDK4 as described in the Materials and Methods. Western blot analysis was done with anti-p21Waf/Cirl antibody. CDK2 and CDK4 levels
were used as loading controls. The bound levels of p21Yafl/Ciel in each treatment normalized with the levels of immunoprecipitation loading control are
shown. Three samples were analyzed in each group, and values represent the means + SE. Significance was accepted at p < 0.05. The symbol (¥)
indicates that the propolin H-treated group is different from the control group.

Propolin H-Induced G1 Cell Cycle Arrest through a p53- regulation of cell cycle in p53-mutant and p53-null lung cancer
Independent Mechanism.The p53 protein has been suggested cell lines, H1155 and H1299, respectively. The H1155 (p53-
to be a potent transcription factor involved in the regulation of mutant) and H1299 (p53-null) were cultured in complete
cell cycle arrest and occurrence of apoptoSisi(l, 25—27). medium for 24 h and then treated with propolin H at various
Figure 4A showed that the levels of p?#/CiPland p53 protein  concentrations (5, 10, 20, and 4B1) for 24 h. The cell viability
increased in a time-dependent manner in propolin H-treated was determined by MTT assay, and then, a dose-dependent
H460 cells. This data suggested that G1 arrest induced byinhibition of cell proliferation was observed both in H1155 and
propolin H in H460 cells may be mediated through the in H1299 cells. As shown ifrigure 5A, the amount of 4gM
up-regulation of p53 and p2/CPlprotein. To further confirm  propolin H-treated H1155 and H1299 cells fell by approximately
this hypothesis, we examined the effects of propolin H in 55 and 58.4%, respectively. To further determine the antipro-
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Figure 5. Effects of propolin H on p53-mutant H1155 and p53-null H1299
lung carcinoma cells. (A) Effects of propolin H on cell viability of p53-
mutant H1155 and p53-null H1299 lung carcinoma cells. Cells were
cultured in complete medium in 96 well plates at a density of
1 x 10* cells/well for 24 h. Then, cells were treated with propolin H at
doses of 0, 5, 10, 20, 40, and 80 u«M for 24 h. The MTT assay was
performed as described in the Materials and Methods. (B) Effects of
propolin H on the cell cycle distribution of p53-mutant H1155 and p53-
null H1299 lung carcinoma cells. Cells were synchronized with serum-
free medium for 24 h as described in the Materials and Methods. After
they were synchronized, the cells were released into complete medium
(10% serum) containing 0.1% DMSO or a different concentration of propolin
H (0, 5, 10, 20, and 40 uM) for 24 h. After 24 h of treatment, cells were
harvested for cell cycle distribution analysis. Three samples were analyzed
in each group, and values represent the means + SE. Significance was
accepted at p < 0.05. The symbol (*) indicates that the propolin H-treated
group is different from the control group.
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Figure 6. Effects of propolin H on the expression of cyclin D1, CDKs,
and CDK inhibitors. Cells were treated with DMSO or 40 M propolin H,
and western blot was done with anti-cyclin D1, CDK2, CDK4, p21Wafl/Cip1,
p27XP1 and p53 antibodies as described in the Materials and Methods.
Results from a representative experiment are shown.

57.41% of total cells for 24 h of treatment. Apoptotic cells made
up 4.96-12.9%. In H1299 cells, treatment with 40 propolin

H increased the proportion of cells in the G1 and sub-G1 phase
to 38.68—53.92 and 4.4513.85%, respectively. To elucidate
the specific regulatory proteins responsible for the cell cycle
block by propolin H in H1155 and H1299 cells, cell extracts
were prepared and western blot analyses were done with anti-
cyclinD1, CDKs (CDK2 and CDK4), CDK inhibitors (p2/f/Cipl

and p2¥rl), and p53 antibodies, respectively. As shown in
Figure 6, propolin H treatment caused an increase in cyclin

these cells were synchronized by RPMI-1640 medium and thenD1 expression in H1299 but not H1155 cells. However, no
treated with serum-supplemented medium containing various detectable changes were observed in CDK2 protein levels in

concentrations of propolin H (5, 10, 20, 40, and:8Q) for 24

either H1155 or H1299 cells. The protein levels of CDK4 were

h. After 24 h of treatment, cells were harvested, and flow up-regulated after propolin H treatment in H1299 cells, but no

cytometry analyses were performed. As showrkrigure 5B,

significant changes were apparent in H1155 cells. Levels of the

both H1155 and H1299 cells treated with propolin H experi- CDK inhibitor p21Vai/Cip1glso markedly increased with 401
enced a decrease in the G2/M and S phase cells. The inhibitorypropolin H treatment in both H1155 and H1299 cells. Another
effect was accompanied with an increase in G1 and sub-G1CDK inhibitor, p27iPl, showed enhancement after propolin H
populations relative to control cultures. Propolin H-treated (40 treatment in H1299 cells, but H1155 showed noRigre 6).

uM) H1155 cells undergoing G1 arrest accounted for 44.07 Our data suggested that propolin H-induced G1 cell cycle arrest
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also occurs through p53-independent up-regulated'{§2%r! followed by induction of G1 phase arrest through a p53-
expression in H1155 (p53-mutant) and H1299 (p53-null) lung dependent pathway in H460 lung carcinoma cells.

cancer cells. The p53 protein is the most extensively studied tumor
suppressor and acts in response to diverse forms of cellular stress
DISCUSSION to mediate a variety of antiproliferative processks, @5—27).

hi h h i isol ‘ However, mutations in thp53 gene have been identified with
In this study, we show that propolin H, isolated from i frequencies in both NSCLC and SCLC, with mutation
Taiwanese propolis, suppressed cell proliferation through induc- frequencies of 50 and 70%, respectively. Mutations offt58

29” |°f C;lhphase C?.” |c_|yzlle arrestdlnh HA460 cells. Olf”c‘lj)aé; gene comprise some of the most common genetic changes
Isplayed that propolin ecreased the expression o ' associated with cancer and cause loss of tumor suppressor

CDK4, and cyclin D1 proteins. Propolin H also up-regulated ¢,,ion and loss of the abilit ; ;
A : | h ) y to induce apoptotic cell death.
pS3/p21atiCPisignaling and p242/eP% which was associated  \ymerous reports have investigated the associatiop5&

With .(.:DKZ and CDK4 followed by inhibition of the_ir "‘T‘ase abnormalities with the prognosis of NSCLC patients; nonethe-
activities. Furthermore, we demonstrated that propolin H induced |oq5 a1l results were inconclusive8—30). Thus, p53 has been

i f1/Cipl i - . . .. . . . .

th exprdeSSIOH %f p2E O;p hme‘?"%te" gy ?n unl;nown plf?’ introduced into clinical trails with retroviral and adenoviral gene
independent pathway and then induced of G1 phase cell cycley, o 50y delivered directly into tumors with initially promising
arrest and apoptosis in p53-null H1299 and p53-mutant H1155 4 titymor responses (31). Pharmacological agents that specif-
cells. o _ ically activate p53-dependent cell cycle control and cell death

Propolis is a folk medicine used for the treatment of various pathways in mutant p53-accumulating cancer cells would
ailments and has been demonstrated to have a broad SpectiUifbpresent a major advance in the therapy of human cancers
of activities L2—17). In our previous work, six prenylflavanone  .naracterized by p53 mutations. In the present study, we also
compounds were isolated and characterized from Taiwanes€ayamined the effects of propolin H in p53-mutant H1155 and
propolis—namely, propolins A, B, C, D, E, and Figure 1) p53-null H1299 lung carcinoma cell§igure 5 showed that
(23). In this study, we further isolated and characterized a new nqn0jin H induced cell cycle G1 arrest and apoptosis in p53-
component from Taiwanese propolis named propolis H, and We yytant H1155 and p53-null H1299 Iung carcinoma cells.
found it to be the functional isomer of propolin E. Propolin E * \yestern blot analysis indicated that propolin H profoundly up-
has a hydrated geranyl side chain, whereas propolin H is reqyiated the expression of p#Ciel in both H1155 and
dehydrated in the geranyl side chain on the B ring at C-3. Both 141299 cells and p2#! in H1299 cells (Figure 6). These data
propohln E and propolin H inhibited cell prohferaﬂon S|gn|f|- suggest that propolin H induced the expression off§gcirl
cantly in human A2058 melanoma cells, with propolin H being  {hrough an unidentified p53-independent pathway followed by
even more potent (Figure 2B). This result was consistent with ,qyction cell cycle arrest in the G1 phase in p53-mutant and
the conclusions of our recent study that propolins with dehy- 53yl Jung carcinoma cells. A recent study has demonstrated

drated geranyl side chains were more effective against cell ihat the PKC- and MAPK-mediated signaling pathway has been
proliferation than those with hydrated geranyl side chains in

human melanoma cells (21—23). Nevertheless, propolin E
inhibited cell viability more effectively than propolin H in lung
carcinoma H460 cells. Flow cytometric analysis indicated that
propolin H induced cell cycle G1 phase arrest in lung carcinoma
H460 cells but not apoptosigigure 2C). Our data implicate
that propolin H induced G1 phase arrest more effectively in
contrast with propolin E (Figure 2E).

suggested to be involved in the regulation of y#¥Cirl
expression (3233). On the basis of this study, propolin H may
induce a PKC- or MAPK-mediated signaling pathway and then
mediate cell cycle arrest. Otherwise, H1299 p53-null cells and
H1155 p53-mutant cells may be due to some residual p53
activity as well as to effects of propolin H on other members
of the p53 family, such as p63 or p73.

In summary, we have demonstrated that exposure of various

Cell cycle control is a highly regulatgd process that in\(olves NSCLC cell lines to propolin H results in G1 arrest and
a complex cascade of events. Modulation of the expression andi,qction of apoptosis. The growth inhibitory action of propolin

function of the cell cycle regulatory proteins (including cyclins,
CDKs, and CDKIs) provides an important mechanism for
inhibition of growth (L—6). In the present study, we showed
that propolin H down-regulated the expression of CDK2 and
CDK4 in a time-dependent manner (Figure 3A) and strongly
inhibited their kinase activities={gure 3B). The inhibition of
kinase activities of CDK2 and CDK4 by propolin H may
facilitate cell cycle blocking in the G1 phase in H460 lung
carcinoma cells. The physiological roles of CDK inhibitors,
p21WailiCipl and p2¥irl, have been linked to the inhibition of
G1l-related CDKs kinase activitie8,(5, 6, 8). In our study, a
marked increase in the protein levels of }2f/Ciel and p53
was detected in propolin H-treated H460 cells in a time-
dependent manner while the level of §2¥ protein decreased
(Figure 4A). These data suggested that p53 may play an
essential but not the exclusive role to regulate the expression
of p21Wait/iCirL  Fyrthermore, immunoprecipitation Western
analysis showed that the formation of CDK2-#2fL/Cir1 and
CDK4-p21Wafl/Cipl complexes increased in propolin H-treated
H460 cells (Figure 4B). These results suggested that propolin
H induced the expression of p2a/CiPl which was associated
with CDK2 and CDK4, and inhibited their kinase activities

H appears to involve the up-regulation of the p53H4§@4Cirl
pathway following inhibition of the kinase activities of CDK2
and CDK4. Moreover, propolin H also induced the expression
of p21Wait/Cirl gnd p2¥irt through a p53-independent pathway
and consequently induced cell cycle arrest in the G1 phase in
p53-mutant and p53-null lung carcinoma cells.
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