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Abstract
AIM: To investigate the growth inhibitory mechanism of
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four caged xanthones from Garcinia hanburyi in cholan-
giocarcinoma (CCA) KKU-100 and KKU-M156 cells.

METHODS: Four caged xanthones, selected on the
basis of their anticancer potency and chemical structure
diversities (i.e. isomorellin, isomorellinol, forbesione and
gambogic acid) were used in this study. Growth inhibi-
tion of these caged xanthones was determined using
the sulforhodamine B assay. Induction of apoptosis was
assessed by observing cell morphology, ethidium bro-
mide and acridine orange staining and DNA fragmenta-
tion assay. Levels of apoptotic-related gene and protein
expressions were determined by a real-time reverse
transcriptase polymerase chain reaction and Western
blotting analysis, respectively.

RESULTS: The compounds were found to inhibit growth
of both cell lines in a dose-dependent manner and also
showed selective cytotoxicity against the cancer cells
when compared with normal peripheral blood mononu-
clear cells. Growth suppression by these compounds was
due to apoptosis, as evidenced by the cell morphological
changes, chromatin condensation, nuclear fragmenta-
tion, and DNA ladder formation. At the molecular level,
these compounds induced down-regulation of Bcl-2 and
survivin proteins with up-regulation of Bax and apoptosis-
inducing factor proteins, leading to the activation of cas-
pase-9 and -3 and DNA fragmentation. The functional
group variations did not appear to affect the anticancer
activity with regard to the two CCA cell lines; however,
at a mechanistic level, isomorellinol exhibited the highest
potency in increasing the Bax/Bcl-2 protein expression
ratio (120 and 41.4 for KKU-100 and KKU-M156, respec-
tively) and in decreasing survivin protein expression (0.01
fold as compared to control cells in both cell lines). Other
activities at the molecular level indicate that functional
groups on the prenyl side chain may be important.

CONCLUSION: Our findings for the first time demon-
strate that four caged xanthones induce apoptosis in
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CCA cells which is mediated through a mitochondria-
dependent signaling pathway.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumor aris-
ing from bile duct epithelial cells", characterized by
a poor prognosis and untesponsive to conventional
chemotherapeutic agents. The increasing global incidence
of this tumor underscores the need for novel and effective
therapeutic agents for CCA™,

Much attention has been focused on natural products
as potential sources of novel anticancer drugs over the
decades'. An emerging class of compounds, being
potent antiproliferatives as well as having anticancer
and anti-tumor activities against mammalian cancer cell
lines, is caged xanthones. Recent work by our and other
research groups has identified a tropical plant, Garcinia
hanburyi (G. hanburyi) Hook.f. (family Guttiferae), used
as a purgative and externally for infected wounds in
Thai traditional medicine®, as a rich source of these
compounds[()’“]. In addition, gambogic acid, derived
from the gamboges resin of G. banburyz, has been shown
to induce apoptosis in human gastric carcinoma cells”.
These data suggest that these caged xanthones might
be effective as chemotherapeutic agents and that they
warrant further study of the underlying mechanisms of
their anticancer activities.

Our interest in searching for agents for the effective
treatment of CCA led us to test a setries of caged xantho-
nes from G. hanbury!"” against two human CCA cell lines.
Among the compounds tested, isomorellin, isomorellinol,
forbesione and gambogic acid (Figure 1) exhibit promising
1Cso values against both cell lines in comparison with the
standard drug doxorubicin. In view of their anticancer po-
tency and chemical structure diversity, these four caged xan-
thones were selected for a more in-depth study. In order to
turther delineate the undetlying mechanisms, the apoptotic
action of these compounds was investigated in detail. The
results are the main focus of this communication.
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MATERIALS AND METHODS

Reagents and cell culture

Four caged xanthones, i.e. isomorellin, isomorellinol,
forbesione and gambogic acid, were isolated from
G. hanburyi Hook.f. (family Guttiferae) using bioassay-
directed fractionation”. The KIKU-100 and KIKU-M156
cells were isolated from Thai CCA patients and the
original characterization of these cell lines has been
described previously!"”. Human peripheral blood
mononuclear cells (PBMCs) were freshly isolated us-
ing the standard Ficoll-hypaque gradient centrifugation
method and used as normal control cells"?. Cells were
grown in RPMI 1640 (GIBCO BRL, Grand Island, NY)
supplemented with 10% heat-inactivated fetal bovine se-
rum (FBS), 100 units/mL of penicillin and 100 pg/mL
streptomycin (GIBCO BRL) at 37°C in a humidified incu-
bator containing 5% COx.

Cell proliferation assay

For the cell proliferation assay, 1.9 X 10" cells/well were
seeded in 96-well microtitre plates and incubated for 24 h.
After treatment for 72 h with 0-8.8 x 10* umol/L per well
for the caged xanthones, 0.04, 0.4, 4, 40 and 400 pmol/L
for doxorubicin (Boryung Pharmaceutic Co. LTD, Korea)
as a reference compound and DMSO as the solvent-con-
trol cells, cell growth was measured using the sulforhoda-
mine B (SRB) assay“sj.

Morphological examination

KKU-100 and KIKU-M156 cells (1 X 10%) were grown in
a 25 cm” flask at 37°C for 24 h, and treated with 2 X ICso
concentration of each caged xanthone for 48 h. Morpho-
logical changes occurring in the cells were observed under
bright field inverted Nikon microscope. For nuclear stain-
ing, cells (1.9 x 10’ cells/well) were grown in 96-well mi-
crotitre plates at 37°C for 24 h, and treated with 2 X ICso
concentration of each caged xanthone for 24, 36 and 48 h.
The treated cells were stained with 14 pL of 100 ug/mL
ethidium bromide/acridine orange (EB/AO) mixture
(Sigma Chemical, St. Louis, MO) and observed under a
Nikon fluorescent microscope. Apoptotic cells with con-
densed chromatin or fragmented chromatin were counted
and expressed as a percentage from a total of 500 cells
each!",

DNA fragmentation assay

The isolation of fragmented DNA was carried out ac-
cording to the procedure of Herrmann ez @/ with some
modifications. Briefly, after culturing for 24 h and starving
in medium containing 0.5% FBS for 24 h, cells (1 X 109
were treated with DMSO or 2 X ICso concentrations of
the caged xanthones for 24 and 36 h. After extraction,
DNA in cell lysate was purified by QIAamp DNA Blood
Mini Kit (QIAGEN, Germany) according to the manu-
facturer’s protocol. The DNA fragments were precipitated
with ethanol, re-suspended in 50 uL. of TE buffer, and
analyzed by electrophoresis.
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Figure 1 Chemical structure of four caged xanthones.

RNA extraction, reverse transcription and quantitative
real-time polymerase chain reaction

Cells were treated with 2 X ICso concentrations of the
caged xanthones for 0, 6, 12, 24 and 48 h. Total RNA
was isolated from the treated and control cells using
TRIzol reagent (Invitrogen, Carlsbad, CA), according to
the manufacturer’s instructions. The reverse transcrip-
tion reaction was performed as described™.

Real-time polymerase chain reaction (PCR) was per-
formed according to the procedure of Namwat ez al™.
Real-time PCR of Bcl-2, Bax, survivin and GAPDH
were performed in a 20 pLL PCR reaction mixture con-
taining first strand cDNA, 5 pmol of each primer, and
10 uL of 2 X SYBR Green PCR Master Mix (Gene Sys-
tems Co., Ltd, USA), employing an ABI 7500 Real-time
PCR system (Applied Biosystems, Foster City, CA). The
PCR primers (Bioservice Unit, Bangkok, Thailand) are
shown in Table 1. The sequences of these PCR prod-
ucts were obtained by direct sequencing. Each amplicon
was then cloned into the pGEM®-T vector (Promega,
Madison, WI, USA) in order to generate standard curves
for target cDNA. The mRNA level is reported as the
ratios of the copy numbers of target cDNA to GAPDH
cDNA. The ratio of fold change in gene expression level
between the treated and control cells was determined to
identify the up- or down-regulation of gene expression.

Protein extraction and Western blotting analysis

After treatment with DMSO or 2 X ICso concentrations
of the caged xanthones for 0, 12, 24 and 48 h, protein
extraction and Western blotting were performed as de-
scribed previously"”. After blocking, the membranes were
incubated at 4°C overnight with the following antibod-
ies: Bcl-2, Bax, survivin, apoptosis-inducing factor (AIF)
(Santa Cruz Biotechnology, CA) or procaspase-9 and -3,
activated caspase-9 (Cell Signaling, Beverly, MA) or acti-
vated caspase-3, B-actin (Sigma Chemical, St. Louis, MO).
The secondary antibodies were horseradish peroxidase-
conjugated goat anti-mouse IgG and goat anti-rabbit IgG
antibodies (Santa Cruz Biotechnology). Protein bands
were detected by an enhanced chemiluminescence kit
(Pierce Biotechnology, Rockford). The intensity of the
protein bands was quantified using Scion Image software.
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Statistical analysis

Data were expressed as mean * SE. Comparisons be-
tween untreated control cells and the caged xanthone-
treated cells were made using Student’s 7 test. Differences

were considered significant at P < 0.05. All analyses were
performed using SPSS version 10.0 (SPSS Inc., USA).

RESULTS

Anti-proliferative effects of four caged xanthones on
CCA cell lines

The treatment of KKU-100 and KKU-M156 cells with
four caged xanthones markedly inhibited cell growth in
a dose-dependent manner (Figure 2). The ICso values
of these caged xanthones and doxorubicin are shown in
Table 2. The anticancer potencies of these compounds
are comparable to doxorubicin in both cell lines. These
caged xanthones induced growth inhibition in the CCA
cell lines about 4 to > 8 X 10° times greater than that for
normal PBMCs (Table 2). These results indicate that these
compounds possess considerable potential for further de-
velopment.

Apoptosis induction by four caged xanthones in CCA
cell lines

In both cell lines, treatment with four caged xantho-
nes resulted in cell shrinkage, rounding and membrane
blebbing, thus taking on the typical characteristics of
apoptotic cells (Figure 3C and D); whereas no effect
was observed with the vehicle control cells (Figure 3A
and B). Using EB/AO staining, both cell lines showed
nuclei with homogeneous chromatin distribution under
vehicle-control conditions (Figure 3E and F). In the
treated cells, characteristic apoptotic features such as
chromatin condensation and nuclear fragmentation were
observed (Figure 3G and H). The number of apoptotic
cells in both cell lines treated with four caged xanthones
was significantly increased in a time-dependent manner
(Table 3). Using an agarose gel electrophoresis, a typical
ladder pattern of internucleosomal DNA fragmentation,
a hallmark of apoptotic cell death™, was observed in the
treated cells (Figure 31 and J).

Effect of four caged xanthones on the expression of
apoptosis-related genes and proteins

In both CCA cell lines treated with isomorellinol there
was a significant increase in both mRNA (Figure 4A) and
protein (Figure 5) of pro-apoptotic Bax, but a marked de-
crease in the anti-apoptotic Bcl-2 (Figure 4A and Figure 5)
in a time-dependent manner leading to an enhanced Bax/
Bcl-2 ratio (Figure 4B and Table 4). The same results were
obtained when both CCA cell lines were treated with the
other three compounds (Figure 4B and Table 4). Using
Western blotting, isomorellinol was found to have the
highest potency in increasing Bax/Bcl-2 ratio. At 48 h of
treatment, isomorellinol increased the Bax/Bcl-2 ratio up
to 120 and 41.4 in the KKU-100 and KKU-M156 cells,
respectively (Table 4).

Western blotting analysis revealed that treatment of
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Figure 2 Antiproliferative activities of the four caged xanthones against KKU-100 and KKU-M156 cells. Cells were treated with DMSO or indicated amounts of
isomorellinol, forbesione, gambogic acid and isomorellin for 72 h. The percent cell viability was determined by SRB assay. Data are expressed as mean + SE (n = 3).

GenBank accession No. Gene Forward primer Reverse primer
M14745.1 Bcl-2 TGGATGACTGAGTACCTGA TGAGCAGAGTCTTCAGAGA
122473.1 Bax AACCATCATGGGCTGGA CGCCACAAAGATGGTCA
AF077350.1 Survivin AAGGCTGGGAGCCAGA TGGCTCTTTCTCTGTCCA
BC083511 GAPDH TCATCAGCAATGCCTCCTGCA TGGGTGGCAGTGATGGCA
Cells ICso values (umol/L)

Isomorellin Isomorellinol Forbesione Gambogic acid Doxorubicin
KKU-100 0.11 + 0.004 2.2+0.33 0.15 + 0.007 2.64+1.29 0.66 + 0.001
KKU-M156 0.12 + 0.005 0.43 £ 0.06 0.02 + 0.002 0.03 + 0.004 0.36 + 0.001
PBMC >88 x10* 59+29 59.5+1.0 113 ND

Data are mean * SE of three independent experiments. ND: Not detected.

both cell lines with isomorellinol resulted in a significant
reduction of procaspase-3 and -9 while increasing activated
caspase-3 and -9 in a time-dependent manner (Figure 5).
The treatment of both CCA cell lines with the other
three compounds also showed the same results (data
not shown). When the relative intensities of activated
caspase-3 and -9 to B-actin of treated cells were compared
to control cells (0 h), there was a multi-fold increase in
the activated caspase-3 and -9 (Table 5). The high degree
of multi-fold increase in activated caspase-9 was detected
in the isomorellinol-treated KIKKU-100 and KKU-M156
cells (56 X and 58 X, respectively), in gambogic acid-
treated KIKU-100 cells (78 X) and in isomorellin-treated
KKU-M156 cells (34 X) (Table 5). All four compounds
wete also shown to increase the activated caspase-3 level
in treated KKU-M156 cells, from 10 X to 46 X compared
with the control cells (0 h), with a high degtee of activated
caspase-3 for isomorellinol-treated (33 X) and gambogic
acid-treated KIKU-M156 cells (46.7 X) (Table 5).

The real-time PCR and Western blotting analysis
exhibited a significant time-dependent decrease in survivin
gene (Figure 4A) and protein (Figure 5) expression in the
isomorellinol-treated KIKU-100 and KIKKU-M156 cell lines.
The same results were obtained when these cell lines wete

144

&?s:ﬁmg"‘ WJG | www.wjgnet.com

treated with the three other compounds (data not shown).
The multi-fold decreases in swrvivin gene and protein ex-
pression are shown in Figure 4C and Table 5, respectively.
Using Western blotting, isomorellinol showed the highest
potency in suppression of survivin protein expression
(0.01 X) (Table 5).

Western blotting analysis revealed that cells treated
with isomorellinol resulted in a significant increase of
AIF protein (Figure 5). Similar results were obtained for
both CCA cell lines treated with the other three com-
pounds (data not shown). Similar multi-fold increases in
AIF protein expression were found for the four com-
pound-treated cells as compared to controls (Table 5).

DISCUSSION

The present study demonstrated that the four caged xan-
thones; isomorellinol, forbesione, gambogic acid and iso-
morellin, exerted strong growth inhibition with different
ICso values in both CCA cell lines in a dose-dependent
manner (Table 2 and Figure 2). The results indicate that
these two CCA cell lines responded differently to differ-
ent compounds. However, the potencies of these four
compounds were very high, indicating their broad spec-
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KKU-100

3%h I M Cc 24 36h

Figure 3 Induction of apoptosis in cholangiocarcinoma (CCA) cell lines by
four caged xanthones. Photomicrographs (400 x) of CCA cell lines KKU-100
(A, C) and KKU-M156 (B, D) treated with DMSO and gambogic acid for 48 h.
A, B: Treated with DMSO; C, D: Treated with gambogic acid. Cells with membrane
blebbing indicated by arrows; Fluorescence photomicrographs (400 x) of CCA cell
lines KKU-100 (E, G) and KKU-M156 (F, H) treated with DMSO and isomorellinol
for 36 h followed by EB/AQ staining. E, F: Treated with DMSO; G, H: Treated with
isomorellinol. Nuclei of treated cells showing chromatin condensation (arrows)
and nuclear fragmentation (arrow heads); DNA fragmentation of CCA cell lines
treated with forbesione for the indicated times (24 h and 36 h). Genomic DNA
was isolated and separated on 1.6% agarose gels containing 0.1 mg/mL ethidium
bromide. I: KKU-100 cells; J: KKU-M156 cells. Lane C: DNA band of CCA cell
lines treated with DMSO; Lane M: DNA markers. The figures show representative
results of three independent experiments.
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Table 3 Percentage of apoptotic cells in the four caged

xanthone-treated and non treated CCA cell lines

Compounds % apoptotic cells
KKU-100 (h) KKU-M156 (h)
36 48 24 36
Control 8 +1.45 13+ 0.66 8+0.88 23 +0.66
Isomorellinol 44 +231° 79+1.76"°  34+1.50° 89 +1.20°
Forbesione 34 +0.67° 78+1.15°  38+3.17° 83 +3.05°
Gambogicacid 32+087°  70+£145° 17£150°  72+0.66°
Isomorellin 25+121°  69+1.76°  31+0.58° 77 +4.16°

Data are mean * SE of three independent experiments. °P < 0.05, °P < 0.01
vs control. CCA: Cholangiocarcinoma.

Table 4 Bax/Bcl-2 ratios of the four caged xanthone-treated

and non treated CCA cell lines

Bax/Bcl-2 ratio
KKU-100 (h) KKU-M156 (h)
0 12 24 48 0 12 24 48

Isomorellinol 098 158 1.98 120 073 1.04 143 4140
Forbesione 1.02 193 235 291 153 238 512 7.02
Gambogicacid 081 151 342 7.00 043 072 183 314
Isomorellin 098 198 312 520 056 070 1.00 1.90

Compounds

Data are expressed as ratio of mean of protein expression level of Bax to
Bcl-2 in control and the caged xanthone-treated CCA cell lines.

trum of anti-CCA effects. In addition, the selectivity of
these compounds toward cancer cell lines compared to
normal PBMCs was demonstrated (Table 2). Previously,
these four caged xanthones have been shown to inhibit
the growth of various mammalian cancer cell lines"”.
Gambogic acid was reported to be an effective telomer-
ase inhibitor, displaying potent anticancer activity both
in vitro and in vivd™"", and was shown to kill cancer cells
selectively with no influence on normal cells”. The an-
ticancer potencies of these caged xanthones were com-
parable to doxorubicin. Due to their potencies, the an-
ticancer mechanisms of these four compounds deserve
further investigation.

The growth inhibitory effect of these caged xan-
thones in both CCA cell lines was modulated through
apoptosis which was evidenced by the typical morpho-
logical characteristics of apoptosis, such as cell shrinkage,
membrane blebbing, chromatin condensation, nuclear
fragmentation and DNA ladder formation (Figure 3).
Cleavage of DNA at the inter-nucleosomal linker sites
yielding DNA fragments has been used as a hallmark of
apoptosis”™’. Consistent with our study, the apoptotic
effects of gambogic acid in human breast tumor cells
T47DP" and human gastric carcinoma cells MGC-803"
have been reported.

Apoptosis is regulated by several different genes in
response to various stimuli. The Bcl-2 family of proteins
plays major roles in apoptotic regulation through the mi-
tochondrial pathway™. Our results show that these caged
xanthones down-regulated the expression of the Bcl-2
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Figure 4 The four caged xanthones induce up-regulation of Bax with down-regulation of Bcl-2 and survivin gene expressions in CCA cell lines. KKU-100
and KKU-M156 cells were treated with DMSO or the four caged xanthones for the indicated times. Real-time polymerase chain reaction for each gene was performed
as described in Materials and Methods. Data were expressed as mean + SE fold increase/decrease in mRNA expression compared to control, normalized with
GAPDH (n =3).°P<0.05, °P < 0.01, °P < 0.001 vs control. All four compounds showed the same result. A: The histograms of the isomorellinol-treated cells were used
as a representative; B: Bax/Bcl-2 ratio; C: Relative survivin gene expression compared to control.
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Isomorellinol treatment

KKU-100 KKU-M156
0 12 24 48 h 0 12 24 48 h
0.87 £0.08 1.01+£0.04 1.13+0.03 1.20 +0.05° 1.16 £ 0.03 1.32+0.11 1.73+0.06° 2.07 = 0.10°
0.89 + 0.06 0.64 + 0.16> 0.57 +0.02° 0.01 +0.002°  1.60 + 0.08 1.27 +0.05° 1.21+0.10°  0.05 % 0.03°
0.88 + 0.04 0.67 +0.13° 0.61 +0.05°  0.01 * 0.002° 1.29+0.12 1.01+0.03* 0.77 +0.15°  0.01 % 0.002°

072 £0.06 1.14+0.03 1.34£0.02° 1.61+0.02° 1.14 £ 0.04 1.80 £ 0.12° 2.12+0.07° 2.47 £0.03°

Procaspase-3 (32 kDa)

0.90 £0.03 0.76 £0.06 0.67 +0.02 0.33 +0.02° 1.13 +£0.04 1.02+0.11° 0.78+0.05 0.11 % 0.03°

Activated caspase-3 (19 kDa)

0.09 £0.06 0.95+0.10° 0.99 +0.03* 1.01£0.02° 0.05+0.07 1.01 +0.13* 1.52 +0.05° 1.65 % 0.02°

Procaspase-9 (45 kDa)

0.89 £0.05 0.88+0.14 0.86+0.02 0.81+0.03° 0.91 £ 0.50 0.82 £0.10° 0.81  0.02° 0.73 + 0.04°

Activated caspase-9 (37 kDa)

0.01 £0.002 0.54 +0.11° 0.56 + 0.05° 0.55 + 0.08" 0.01 +0.002 0.01 +0.001 0.58 +0.04° 0.49 + 0.03°

B-actin

Figure 5 The four caged xanthones induce increase of Bax, AlF, activated caspase-3 and -9 while decreasing Bcl-2, survivin, procaspase-3 and -9 protein
levels in CCA cell lines. KKU-100 and KKU-M156 cell lines were treated with DMSO or the four caged xanthones for the indicated times. Western blottings for each
protein were performed as described in Materials and Methods. The mean + SE of density reading of target protein normalized to 3-actin was expressed in the respective
box (n = 3). °P < 0.05, "P < 0.01 vs control. All four compounds showed the same result. The protein bands of the isomorellinol-treated cells were used as a representative.

Table 5 Fold decrease or increase of apoptotic-related proteins of the four caged xanthone-treated compared to non treated CCA

cell lines

Apoptotic Compounds Fold change in protein of the treated cells compared to control cells
proteins
KKU-100 (h) KKU-M156 (h)
0 12 24 48 0 12 24 48
Activated Isomorellinol 1 54 56 55 1 1 58 49
caspase-9 Forbesione 1 9.6 131 13 1 5.7 8 5.6
Gambogic acid 1 30 78 60 1 2.6 4.5 3.9
Isomorellin 1 6.3 12.3 9.3 1 1 29 34
Activated Isomorellinol 1 10.6 11 11.2 1 20.2 30.4 33
caspase-3 Forbesione 1 6 9.6 12 1 5.7 9.6 10
Gambogic acid 1 55 7.5 12.2 1 28 39.3 46.7
Isomorellin 1 8.9 10 13 1 5 57 12
Survivin Isomorellinol 1 0.8 0.7 0.01 1 0.8 0.6 0.01
Forbesione 1 0.5 0.54 0.3 1 0.7 0.54 0.5
Gambogic acid 1 0.6 0.4 0.3 1 0.7 0.6 0.4
Isomorellin 1 0.6 0.5 0.3 1 0.8 0.5 0.3
AIF Isomorellinol 1 1.6 1.9 2.3 1 1.6 1.9 22
Forbesione 1 1.2 1.6 21 1 1.6 2.8 4
Gambogic acid 1 1.5 1.6 2.7 1 1.6 21 34
Isomorellin 1 19 3.3 35 1 1.3 1.7 25

Data are expressed as ratio of mean of protein expression level of the apoptotic-related proteins in the caged xanthone-treated to non treated CCA cell lines.

gene and protein while up-regulating the expression of of the expression of Bax and Bcl-2 proteins in the human
Bax gene and protein, leading to an increase in the Bax/ gastric carcinoma cell line MGC-803 has been reported[()].
Bcl-2 ratio (Figure 4B and Table 4). In agreement with Bax protein has previously been reported to induce the
our study, gambogic acid-induced apoptosis by regulation intrinsic apoptosis pathway by inhibiting the function of
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Bcl-2"), and by increasing the release of death-mediated
proteins such as cytochrome C, Smac/DIABLO and AIF
from the inter-membrane space to the cytosol ™. Our
results show a significant increase in the level of AIF pro-
tein in response to the four caged xanthone treatments
(Figure 5 and Table 5). This result suggests that the AIF,
caspase-independent mitochondrial pathway®' may be
involved in apoptosis induction in the caged xanthone-
treated cells.

In the intrinsic apoptotic pathway, the release of cy-
tochrome C from mitochondria triggers caspase-9 and -3
activation through formation of the apoptosome com-
plex. Then the activated caspase-3 is able to cleave mul-
tiple cellular substrates leading to DNA fragrnentationm]
Our results show that caspase-9 and -3 were activated
by the caged xanthones (Figure 5 and Table 5), suggest-
ing that these caged xanthones induced apoptosis in
both CCA cell lines through caspase-9 and -3 activation.
Previously, mitochondrial destabilization and caspase-3
activation were reportedly involved in the apoptosis of
Jurkat cells induced by gaudichaudione A, a cytotoxic
xanthone™. Gambogic acid reportedly induced apopto-
sis and activated caspases in T47D cells®",

The family of human inhibitor of apoptosis proteins
(IAP), including XIAP, c-IAP1, c-IAP2, NAIP and sur-
vivin, have been reported to be direct inhibitors of acti-
vated caspase-3 and -7 Our data show that survivin
gene and protein expressions were decreased by the four
caged xanthones (Figure 4A and C, and Table 5). Since
these compounds were found to induce apoptosis in
both CCA cell lines by activation of caspase-3, the fac-
tor contributing to caspase-3 activation in these treated
cells may be a decreased survivin expression. Previously,
gambogic acid has been reported to down-regulate IAP,
IAP1 and TAP2 in human myeloid leukemia cells™.

Using Western blotting, isomorellinol was found to
have the highest potency in increasing the Bax/Bcl-2 ratio
(Table 4) and in decreasing survivin protein expression
(Figure 5 and Table 5). This result was also confirmed by
the greatly increased amount of activated caspase-3 and
-9 in both isomorellinol-treated CCA cell lines (Table 5).
Gambogic acid was shown to have lower potency in in-
creasing the Bax/Bcl-2 ratio (Table 4) and decteasing sut-
vivin protein expression (Table 5); whereas the increased
level of activated caspase-3 was similar to that of isomo-
rellinol (Table 5). These results suggest that the activation
of caspase-3 might be stimulated by caspase-12 through
endoplasmic reticulum stress-induced apoptosis’". Com-
paring these two CCA cell lines, both isomorellinol and
gambogic acid showed higher potency in increasing acti-
vated caspase-3 in KIKU-M156 cells than KIKU-100 cells
(Table 5). This may be due to the different histological
type of the CCA cell lines. KKU-100 is a pootly differ-
entiated adenocarcinoma which has a higher resistance to
chemotherapeutic drugs than KIKU-M156, a moderately
differentiated adenocarcinoma“ﬂ; whereas forbesione and
isomorellin showed the same potency against both CCA
cell lines. The latter result may be due to the different
functional groups present in these four caged xanthones.

The chemical structure diversity of the four com-
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pounds reflects the biological activities. The common fea-
ture of all four compounds is the presence of the novel
caged structure, which is believed to be a prerequisite
for potent anticancer activity in comparison with normal
xanthones and chromyl xanthones. The chromene ring
is absent in forbesione compared with the other three
compounds. Forbesione has only two non-functionalized
prenyl side-chains, whereas isomorellin, isomorellinol
and gambogic acid are highly prenylated with one of the
prenyl methyl groups functionalized as an aldehyde, a
primary alcohol and a carboxylic acid functional group,
respectively. The functional group variations do not ap-
pear to affect the anticancer activity against the two CCA
cell lines; however, at 2 mechanistic level, isomorellinol
exhibited the highest potency in increasing the Bax/Bcl-2
ratio and in decreasing survivin protein expression. Other
activities at the molecular level indicate that functional
groups on the prenyl side chain may be important. It is
premature to conclude what the definite structure-activity
relationship may be but this preliminary insight provides a
basis for further medicinal chemistry studies.

In conclusion, our findings demonstrate for the
first time that the four caged xanthones, isolated from
G. hanburyi, are capable of inhibiting proliferation and
inducing apoptosis in CCA cell lines. This is also the
first report which shows the molecular mechanism of
the growth inhibitory effects of isomorellinol, forbe-
sione and isomorellin. These compounds induce down-
regulation of Bcl-2 protein while up-regulating the Bax
and AIF proteins, leading to the activation of caspase-9
and -3 and DNA fragmentation. Moreover, the down-
regulation of survivin protein thus maintains caspase-3
in an active state and stimulates the molecular cascade of
apoptosis. Based on these results, we conclude that these
four caged xanthones stimulate both caspase- and non-
caspase mitochondrial-dependent apoptosis in KIKU-100
and KKU-M156 cells. Furthermore, it appears the mito-
chondrial apoptosis pathway is induced by the upstream
receptor-ligand mediated apoptosis pathway. The precise
target of action of these four caged xanthones therefore
remains to be elucidated. There is a potential role for
these caged xanthones in cancer therapy.
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Background

Cholangiocarcinoma (CCA) is a malignant tumor, characterized by a poor prog-
nosis and unresponsive to conventional chemotherapeutic agents. Therefore,
searching for novel and effective therapeutic agents for CCA is necessary. Sev-
eral caged xanthones from Garcinia hanburyi (G. hanburyi) have been reported
to be potent antiproliferatives, as well as having anticancer and anti-tumor
activities, and induce apoptosis in various cancer cell lines.
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Research frontiers

The four caged xanthones from G. hanburyi; isomorellin, isomorellinol, forbe-
sione and gambogic acid, exerted strong growth inhibition in both KKU-100 and
KKU-M156 cells, indicating their broad spectrum of anti-CCA effects. These
compounds were shown to kill cancer cells selectively with no influence on
normal peripheral blood mononuclear cells (PBMCs). Growth suppression by
these compounds was due to apoptosis which correlated with an increase in
Bax/Bcl-2 ratio and apoptosis-inducing factor, activation of caspase-9 and -3,
and a decrease in survivin expression. At mechanistic level, isomorellinol exhib-
ited the highest potency.

Innovations and breakthroughs

This is the first report which shows the growth inhibitory effect and molecular
mechanisms of the four caged xanthones isolated from G. hanburyi in CCA cell
lines. The results suggest that these compounds stimulate both a caspase- and
non-caspase mitochondrial-dependent signaling pathway in CCA cell lines.

Applications

The chemical structure diversity of the four compounds reflects the biological
activities. At the molecular level, isomorellinol exhibited the highest potency,
indicating that functional groups on the prenyl side chain may be important. It is
premature to conclude what the definite structure-activity relationship may be,
but this preliminary insight provides a basis for further medicinal chemistry stud-
ies. Based on these results, The authors suggest that these four caged xantho-
nes are compounds with great promise and may serve as a potential source
and lead-structure for the development of a drug for the treatment of CCA.

Peer review

The manuscript by Hahnvajanawong et al evaluates the mechanism by
which various caged xanthones exert their antiproliferative activity on
cholangiocarcinoma cell lines. The data presented are convincing and the
manuscript well written.
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