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Background: b-Elemene, an effective anticancer component isolated from the Chinese
herbal medicine Rhizoma Zedoariae, has been proved to have therapeutic potential
against multiple cancers by extensive clinical trials and experimental research. However,
its preventive role in cholangiocarcinoma (CCA) and the mechanisms of action of b-
elemene on CCA need to be further investigated.

Methods: A thioacetamide (TAA)-induced pre-CCA animal model was well-established,
and a low dosage of b-elemene was intragastrically (i.g.) administered for 6 months. Livers
were harvested and examined histologically by a deep-learning convolutional neural
network (CNN). cDNA array was used to analyze the genetic changes of CCA cells
following b-elemene treatment. Immunohistochemical methods were applied to detect b-
elemene-targeted protein PCDH9 in CCA specimens, and its predictive role was
analyzed. b-Elemene treatment at the cellular or animal level was performed to test the
effect of this traditional Chinese medicine on CCA cells.

Results: In the rat model of pre-CCA, the ratio of cholangiolar proliferation lesions was
0.98% ± 0.72% in the control group, significantly higher than that of the b-elemene (0.
47% ± 0.30%) groups (p = 0.0471). Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis showed that the top 10 pathways affected by b-elemene treatment were
associated with energy metabolism, and one was associated with the cell cycle. b-
Elemene inactivated a number of oncogenes and restored the expression of multiple
tumor suppressors. PCDH9 is a target of b-elemene and displays an important role in
predicting tumor recurrence in CCA patients.

Conclusions: These findings proved that long-term use of b-elemene has the potential to
interrupt the progression of CCA and improve the life quality of rats. Moreover, b-elemene
exerted its anticancer potential partially by restoring the expression of PCDH9.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a lethal epithelium malignancy
characterized by late diagnosis and poor outcomes. The
incidence and mortality of CCA, especially intrahepatic CCA,
are on the rise worldwide. The only curative strategy for CCA is
the complete removal of the primary tumor. However, up to 80%
of CCA patients are diagnosed with an advanced, irresectable
disease and unresectable CCA. Prognosis in these unresectable
CCA is extremely poor, ranging from 6 to 12 months (1). Due to
l imi ted therapeut i c op t ions , ea r ly de tec t ion and
chemopreventative strategies would be able to yield some
favorable results, such as extended survival time (2). Ongoing
investigations have proved that a number of potential drugs have
been debated as effective chemopreventive agents to reduce cancer
incidence. Recently, existing drugs such as aspirin, metformin,
tamoxifen, and other alternatives have been shown to reduce
cancer risk in a variety studies (3). Among these alternative
medicines, traditional Chinese medicine (TCM) plays an
important role in cancer prevention and interception (4–6).

TCM has long been used to maintain health and treat
ailments. Growing evidence supports the utilization of TCM,
alone or combined with other treatments, in reducing side effects
associated with radio- and chemotherapy, improving the quality
of life, lowering the risk of recurrence, and prolonging overall
survival (OS) (7). Among these TCMs, b-elemene (b-1-methyl-
1-vinyl-2,4-diisopropenyl-cyclohexane) is an active constituent
of turmeric derived from Chinese herbal medicine Rhizoma
Zedoariae and has been listed in the medical practices by State
Administration of Pharmacy of China and Ministry of Health
People’s Republic of China. b-Elemene has now been shown to
have therapeutic potential in disease progression revealed in
vitro, in vivo, and in clinical studies (8–10). For example, b-
elemene could suppress tumor growth and angiogenesis, induce
apoptosis and autophagy, and inhibit invasion and metastasis.
Mechanically, b-elemene could suppress proliferative signaling,
such as MAPK and PI3K/Akt/mTOR pathway, induce cell death,
upregulate growth suppressors, deactivate invasion and
metastasis-related genes, and attenuate angiogenesis by
targeting VEGF (11, 12). All these findings support b-elemene
as an effective agent for cancer treatment. However, whether b-
elemene could be used as a chemopreventive drug needs to be
explored more. Given the multi-targeting biological and
molecular regulation of b-elemene, we try to explore b-
elemene as a candidate chemopreventive agent in lowering
cancer risk and interrupting cancer progression.

A r e p r o d u c i b l e a n im a l mo d e l f o r p r e - CCA
(cholangiofibrosis) is important for exploring therapeutic and
chemoprevention strategies for human CCA. An oral
thioacetamide (TAA)-induced model of rat cholangiofibrosis
(intrahepatic cholangial lesion preceding the development of
CCA) was well-established (13). In this model, multifocal bile
ductular proliferation was observed by the 9th week of TAA
administration, and cholangiofibrosis (originally defined as
Abbreviations: CCA, cholangiocarcinoma; QOL, quality of life; AI, artificial
intelligence; PCDH9, protocadherin-9; WSIs, whole slide images.
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intestinal-type CCA) was evident at the 16th week and
diffusely distributed at the 22nd week (14). A conferred
treatment before this time point might be helpful to inhibit the
malignant transformation of cholangiolar ductal epithelium.
Therefore, in this study, after 3 months of administrating rats
with TAA, we treated these rats with a low dose of b-elemene for
6 months. We aimed to investigate the safety and efficiency of
long-period utilization of b-elemene in treating TAA-induced
pre-CCA. As expected, b-elemene reduced liver lesions induced
by TAA, and interestingly, the life quality of experimental rats
was greatly improved. The further in vitro cell line experiments
offered evidence for an inhibitive effect of b-elemene on CCA
cells and their derived tumors. We also identified genes that were
significantly upregulated by RNA profiling, especially PCDH9.

PCDH9 gene encodes the protein named protocadherin-9
(PCDH9), which is known as a tumor suppressor in glioma (15),
hepatocellular carcinoma (16), and ovarian cancer (17).
However, the role of PCDH9 in CCA was not identified.
Extensive studies have reported that PCDH9 gene expression
was silenced by microRNAs, such as miR-215-5p and miR-589-
3p in glioma cells (15, 18) and miR-200a-3p in ovarian cancer
cells (17). In this study, b-elemene drove PCDH9 gene
expression, which further promoted cell apoptosis. Hence, our
study explored the molecular mechanism of b-elemene exerting
a suppressive effect on cancer cells, which is much closer to the
clinical significance of basic research.
METHODS AND MATERIALS

Animal Models
All experimental procedures were approved by the Experimental
Animal Ethics Committee of Longhua Hospital Affiliated with
the Shanghai University of TCM, China. Rats were housed as
previously described (14). This experiment enrolled 20 adult
male Sprague–Dawley (SD) rats (300–370 g), which were
administered 300 mg/L of TAA (Cas: 27366-72-9, Hangyu
Pharmaceutical Technology Development Co. Ltd. ,
Changzhou, China) in their drinking water daily for 3 months.
These rats were then divided into two groups: a control group
(n = 10) and an experimental group (n = 10). The experimental
group was intragastrically (i.g.) administered 20 mg/kg of b-
elemene in 2 ml of solvent (Dalian Jingang Pharmaceutical Co.
Ltd., Dalian, China) every day, whereas the control group was
administered 2 ml of regular water. Three animals in each group
at 3 months and all the others at 6 months were sacrificed, and
their livers were harvested to examine the oncogenic effect of
TAA and the preventive effects of b-elemene. This experiment
detected whether b-elemene could interrupt the progression of
CCA, as described in Figure 1.

Histological Evaluation
The rats were anesthetized with pentobarbital sodium (40 mg/kg,
intraperitoneally), and their livers were excised and assessed for
diseases. The liver samples were then washed with saline solution
and cut into 3~5-mm sections, half of which was stored at −80°C,
July 2022 | Volume 12 | Article 874457
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and the other half was fixed in 4% paraformaldehyde for further
histopathological examination. The lesions in each tissue section
were carefully observed and evaluated by two individuals (GY
and YC).

We developed an automated lesion detection framework
based on convolutional neural networks (CNNs) to detect the
liver lesions objectively and quantitatively as previously
described (13).

Cell Proliferation
QBC-939 and ICC-9810 cell lines were purchased from the Cell
Center of the Chinese Academy of Sciences and certified
without mycoplasma contamination by PCR. All these cells
were maintained in Dulbecco’s Modified Eagle Medium
(DMEM) with 10% fetal bovine serum (FBS) (Invitrogen,
Carlsbad, CA, USA) and were cultured at 37°C in 5% CO2.
These cells were seeded in 96-plates and treated with different
concentrations of b-elemene for 24, 48, and 72 h. At indicated
time points, two cells in each culture condition were collected,
cell proliferation assay was measured using the CCK8 assay
(Dojindo, Kumamoto, Japan), and IC50 was calculated (19). In
de t a i l , t he absorbance o f the so lu t ion was read
spectrophotometrically at 450 nm with a reference at 650 nm
using a microtiter plate reader (Becton-Dickinson, Franklin
Lakes, NJ, USA), which was used as an indicator of
cell viability.

Apoptosis Assay
Flow cytometry analyses for cell death were performed with an
annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) kit as described before (20). After treatment,
cells were trypsinized, collected by centrifugation, washed
with phosphate-buffered saline (PBS), and resuspended at a
density of 5 × 105 cell/ml with 1× annexin V binding buffer.
Then 5 ml of annexin V-FITC conjugates and 5 ml of PI
solution were added and incubated for 15 min in the dark.
Finally, cells were incubated with 1× annexin V binding buffer
and analyzed within 1 h by flow cytometric analysis (BD FACS
Aria SORP, BD Biosciences, San Jose, CA, USA). At least
20,000 cells were analyzed to determine the percentage of
apoptotic cells.

Cell Cycle Analysis
The cells were starved by serum-free medium for 24 h for
synchronization at the G0 phase. Next, the cells were incubated
with fresh medium supplemented with 10% serum for an
additional amount of time (from zero to 24) and collected
every 2 or 4 h. After being washed with PBS, the cells were fixed
in ice-cold 70% EtOH for 2 h at 4°C, centrifuged at 2,000 rpm
for 5 min, and washed with PBS twice. The cells were then
incubated in RNase solution (1 mg/ml) at 37°C for 30 min and
stained with PI (50 mg/ml) for cell cycle analysis (488-nm
excitation). A Gallios Flow Cytometer (Beckman, Brea, CA,
USA) was used for pulse processing and collecting cells
fluorescing above an emission wavelength of 620 nm, and
data were processed with Modfit software (Verity Software
House, Topsham, ME, USA).
Frontiers in Oncology | www.frontiersin.org 3
cDNA Microarray
Total mRNA from QBC-939 cells treated with or without b-
elemene (800 mg/ml) for 24 and 48 h were collected using
TRIZOL Reagent (Invitrogen Life Technologies). RNA purity
and integrity were determined by NanoDrop ND-1000 and
denaturing agarose gel electrophoresis. The qualified RNA was
then used for cDNA microarray analysis (Affymetrix® Human
Genome U219 Array Plate) as previously reported (21). The
ratios for the signal intensities of Cy3:Cy5 of each spot >1.5 and
<0.67 were defined as the cutoff benchmarks to identify
upregulated and downregulated genes. Gene ontology analysis
was performed to determine the most significantly altered genes
or pathways (22).

Tissue Specimens and
Immunohistochemical Study
Four-micron-thick paraffin-embedded sections of CCA
samples (n = 49) were prepared (23) and processed for
immunohistochemistry analysis. Antibody against PCDH9
was purchased from Sigma-Aldrich, Inc. (St. Louis, MO,
USA) (dilution, 1:100; R05779). A streptavidin-biotin kit
(#KIT-9720; Maixin-Bio, Fuzhou, China) was used to
visualize antibody binding to the tissue sections. Two
individuals (GY and YC) independently evaluated all samples
using an Olympus CX31 microscope (Olympus Optical). The
final results were compiled using a semiquantitative scoring
system as previously described (24, 25).

Statistics
All statistical analyses were performed using SPSS software
(Chicago, IL, USA) and Prism software (version 7.0; GraphPad
Software). Categorical data were analyzed using c2 statistics tests.
The Kaplan–Meier method was used to estimate survival rates,
and the Cox proportional hazards model for multivariate
survival analysis was used to assess predictors related to
survival. A p-value <0.05 was considered statistically significant.
RESULTS

b-Elemene Interrupted Tumor Formation
Induced by Thioacetamide
The main charac te r i s t i c o f the l i ve r l e s ions was
cholangiofibrosis, a kind of cholangial lesion preceding the
development of CCA. To test whether b-elemene exerted its
suppressive effect on liver lesions and CCA initiation, we
designed an experimental schedule (Figure 1A). Three
months after b-elemene treatment, none of the 3 rats treated
with b-elemene had cholangiolar proliferation, while 2 of 3 rats
untreated with b-elemene presented multifocal bile ductular
proliferation (Figure S1). Six months later, all rats untreated
with b-elemene presented cholangiolar proliferation or
cholangiofibrosis, while only 2 of 6 showed visible
cholangiolar proliferation or cholangiofibrosis (Figure S2).
An automated lesion detection framework based on deep
learning CNNs clearly showed the location and quantities of
July 2022 | Volume 12 | Article 874457
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liver lesions (red) in whole slide images (WSIs) (Figure 1B).
The results showed a representative image of liver lesions of
rats treated with or without b-elemene displayed by artificial
intelligence (AI). The ratio of cholangiolar proliferation lesions
recognized by AI was 0.98% ± 0.72% in the control group,
which was significantly higher than that of the b-elemene
(0. 47% ± 0.30%) group (Figure 1B) (p = 0.0471). These data
showed for the first time that b-elemene could interrupt the
development of pre-CCA induced by TAA. Of note, as a kind
of TCM, b-elemene did not have disadvantages on the normal
function of liver metabolism (Figure 1C).

Safety and Quality of Life for Long-Term
Utilization of b-Elemene
One rat was suffocated when i.g. administered with b-elemene.
There were no instances of TAA- or drug-related mortality
during the 9-month period. Six-month use of b-elemene did
not result in any visible microscopic pathological changes in
Frontiers in Oncology | www.frontiersin.org 4
internal organs including the heart, lung, and kidney compared
with the control group (Figure 1D). However, two more findings
were observed in this experiment. The first one is that the sperm
motility, not concentration, of rats administered with b-elemene
was significantly higher than of those not administered with b-
elemene (Figure 1E). The other one is that, probably due to
aging, rats in the control group moved slower, became listless,
were more yellow, and shed more hair than those with b-elemene
treatment (Figure 1F). These data provide some evidence that
long-term utilization of b-elemene is relatively safe and might
improve the life quality of the rats exposed to carcinogens.

b-Elemene Induces Apoptosis and Cell
Cycle Arrest of Human
Cholangiocarcinoma Cells and Aberrant
Gene Expression
In accordance with previous studies (12, 26), our data confirmed
that b-elemene treatment inhibits cell proliferation of both CCA
A

B

D E

F

C

FIGURE 1 | The effectiveness and safety of rats following long-term utilization of b-elemene. (A) Flowchart of the animal experiments. (B) Representative H&E staining
image of liver lesions (red) of rats treated with or without b-elemene recognized by deep learning convolutional neural networks (CNNs). The ratio of cholangiolar
proliferation lesions recognized by artificial intelligence (AI) was 0.98% ± 0.72% in the control group, significantly higher than that of the b-elemene (0. 47% ± 0.30%) group
(p = 0.0471). Scale bar, 4 mm. (C) The serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were measured in indicated mice. (D) No
microscopic pathological changes in internal organs including heart, lung, and kidney in the b-elemene group compared with the control group. Scale bar, 800 mm.
(E) The sperm motility, not concentration, of rats administered with b-elemene was significantly higher than that of mice not administered with b-elemene (p = 0.0033).
(F) Aging phenotype assay. The control group was more yellow and shed more hair than the group treated with b-elemene. *p < 0.05; **p < 0.01; NS, not significant.
July 2022 | Volume 12 | Article 874457
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cell lines, QBC-939 and ICC-9810, in a dose- and time-
dependent manner in vitro, although there are a little
differences between these two cells (Figure 2A). Next, we
selected two concentrations of b-elemene to treat QBC-939
and ICC-9810 cells. As shown in Figure 2B, with the increase
in b-elemene concentration and time, the apoptosis of CCA cells
also increased gradually (Figures 2B, S3). Consistently, cell cycle
assay proved that b-elemene would induce CCA cells arresting in
the S phase, indicating that b-elemene plays a suppressive role of
tumor cells probably by blocking DNA replication (Figure 2C).
To identify the regulatory circuit of b-elemene in CCA cells,
QBC-939 cells were treated with 500 mg/ml and subjected to a
Frontiers in Oncology | www.frontiersin.org 5
cDNA array assay. After b-elemene treatment (500 mg/ml) for
24 h, a total of 1,746 genes were differentially expressed (1,207
upregulated and 539 downregulated). At the time point of 48 h, a
total of 2,216 genes were differentially expressed (1,459
upregulated and 757 downregulated) (Figure 2D). When
analyzed by gene ontology, the top 10 Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways were as follows:
neuroactive ligand-receptor interaction, selenocompound
metabolism, MAPK signaling pathway, progesterone-mediated
oocyte maturation, glycolysis/gluconeogenesis, fructose and
mannose metabolism, tyrosine metabolism, cell cycle, oocyte
meiosis, and pyruvate metabolism (Figure 2E).
A B

D E

C

FIGURE 2 | b-Elemene induces apoptosis, cell cycle arrest of human cholangiocarcinoma (CCA) cells, and aberrant gene expression. (A) Cell viability of QBC-939
and ICC-9810 was measured by Trypan blue staining assay following b-elemene treatment at indicated concentrations and time points. (B) Apoptotic QBC-939 or
ICC-9810 cells were tested by propidium iodide (PI)/annexin V double staining kit following b-elemene treatment at indicated concentrations and time points. **p <
0.01; ***p < 0.001. (C) Cell cycle analysis. QBC-939 or ICC-9810 cells were administered with indicated concentrations and time points of b-elemene treatment.
Then, cells were collected for PI staining and fluorescence-activated cell sorting (FACS) analysis. (D, E) QBC-939 cells were treated with b-elemene (500 mg/ml) for
24 or 48 h and subjected to cDNA array analysis, and differentially expressed genes (fold change >1.5 or <0.67, p < 0.05) are shown in panel (D) Significant Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway retrieved by clusters of genes involved in the intersection of two time points (E).
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b-Elemene Induces Aberrant Expression of
Invasion/Metastasis-Related Genes,
Especially PCDH9
Given that KEGG pathways have not presented the significant
genes regulated by b-elemene, several significant genes
associated with energy metabolism and invasion/migration
were selected for cluster analysis (Figures S4A, 3A). Among
all the genes associated with cell metabolism, those associated
with Aldo-Keto Reductase gradually decreased when b-elemene
was continuously administered, while the genes associated with
gluconeogenesis, including PCK2 and TPI, gradually increased
(Figure S4B). Among the genes associated with invasion/
migration, those associated with metastasis promotion, such
as MMP1, MMP13, and SLC6A11, were decreased, while the
genes associated with metastasis suppression, including
PCDH9 and MTSSL1, were increased when b-elemene was
continuously administered (Figure 3B). Two of these genes,
PCDH9 and PCK2, were validated using RT-PCR, which was
consistent with the cDNA array results (Figures 3C, S4C). Of
note, Western blotting confirmed the consistent trend of
Frontiers in Oncology | www.frontiersin.org 6
PCDH9 expression induced by b-elemene depending on both
time and dose (Figure 3D). Inactivation of tumor suppressors
and act ivat ion of oncogenes contr ibute mal ignant
transformation of human tumors. Our data provide a clue
that b-elemene is able to activate tumor suppressors and
inactivate oncogenes simultaneously.

PCDH9 Depletion Impaired the Effect of
b-Elemene on Cholangiocarcinoma Cells
To ascertain the role of PCDH9 in CCA, especially under the
condition of with or without b-elemene treatment, we knocked
down PCDH9 gene in both QBC-939 and ICC-9810 cells with
two independent small hairpin RNAs (Figure 4A). Then, we
detected the cell viability of these genetically manipulated cells
under b-elemene treatment. As shown in Figure 4B, the cell
viability dramatically increased after depleting PCDH9 in QBC-
939 or ICC-9810 cells once b-elemene treated these cells,
indicating that PCDH9 is a major gene upregulated by b-
elemene (Figure 4B). Apoptosis assay showed a decrease of
apoptotic cells after PCDH9 depletion under b-elemene
A B

D

C

FIGURE 3 | b-Elemene induces aberrant expression of invasion/metastasis-related genes, especially PCDH9. (A, B) Cluster of changed genes involved in tumor
invasion and metastasis (A) and the linear trend of selected genes at indicated time points (B). (C, D) qRT-PCR (C) and Western blotting (D) analyzed PCDH9 in
QBC-939 and ICC-9810 cells following b-elemene treatment at indicated concentrations and time points. NS, not significant; **p < 0.01.
July 2022 | Volume 12 | Article 874457
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(Figures 4C, S5). Thus, the CCA cells without PCDH9
expression are much more sensitive to b-elemene treatment.

To certify the function of b-elemene at the animal level, we
transplanted these genetically manipulated QBC-939 cells into
the groin of nude mice. Once the tumors reached 0.2 cm2, we
treated these mice every day with or without b-elemene for a
week. After 23 days, we excised tumors from nude mice and
imaged solid tumors. Loss of PCDH9 reinforced tumor
formation, and the treatment of b-elemene has no significant
inhibition on tumor formation, while the transplantation of
QBC-939 control cells formed a smaller tumor once upon
Frontiers in Oncology | www.frontiersin.org 7
treatment with b-elemene (Figure 4D). We also measured the
tumor weight and tumor growth trend, both of which offered
consistent results. We observed that when we subjected these
mice to b-elemene treatment, the tumor derived from QBC-939
control cells almost stopped growing, while the tumor without
PCDH9 continued to grow (Figures 4E, F). We randomly tested
PCDH9 expression in three groups of xenograft tumors and
obtained consistent expression of PCDH9 within cell lines,
proving that the solid tumors were derived from genetically
manipulated QBC-939 cells in Figure 4A (Figure 4G).
Furthermore, immunohistochemistry (IHC) was performed
A B

D E F

G H

C

FIGURE 4 | PCDH9 depletion impaired the effect of b-elemene on cholangiocarcinoma (CCA) cells. (A) PCDH9 was stably depleted by two independent shRNAs,
and Western blotting tested the efficiency of knocking down PCDH9. (B) Cell viability of both genetically manipulated QBC-939 and ICC-9810 cells was measured
by Trypan blue stain assay following b-elemene treatment at indicated concentrations and time points. **p < 0.01. (C) Apoptotic assay of both genetically
manipulated QBC-939 and ICC-9810 cells was performed by propidium iodide (PI)/annexin V double staining kit following b-elemene treatment at indicated
concentrations and time points. * p < 0.05; **p < 0.01; ***p < 0.001; NS, not significant. (D–F) The stable cell lines constructed in panel A were transplanted into the
left groin of nude mice (n = 6, each group). Solid tumors were dissected and imaged at the end of the experiment (D). Tumor weight was measured, *p < 0.05,
**p < 0.01, ***p < 0.001 (E), and tumor volume was recorded every 3 days, *p < 0.05, **p < 0.01, ***p < 0.001 (F). (G) Western blotting analysis of PCDH9
expression in solid tumors derived from cells in panel (A). (H) TUNEL staining was performed to examine apoptotic cells in solid tumors. Scale bar, 100 mm,
*p < 0.05; ***p < 0.001.
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using an antibody against TUNEL, which is indicative of
apoptotic cells, in solid tumors (Figure 4H).

Hence, the above data were consistent with a previous report
that described the suppressive role of PCDH9 in tumor cells and
PCDH9 depletion sensitized CCA cells to b-elemene.

Expression of PCDH9 in Patients With
Cholangiocarcinoma Showed Clinical
Significance
We first detected PCDH9 protein level in rats’ liver lesions
treated with or without b-elemene. The level of PCDH9
mRNA was increased in rats’ liver lesions following b-elemene
treatment (Figure S6A). Next, we detected PCDH9 expression
profiles in human CCA. Intensive staining of PCDH9 was
observed in normal liver, which could be used as an internal
control (Figure S6B). Strong staining of PCDH9 was also
observed in the cytoplasm and nuclear of cholangiocytes of
normal bile ducts (Figure S6C). To statistically clarify the
intensity of PCDH9 in normal and tumor tissue, we collected
49 CCA samples. The score of PCDH9 IHC staining in normal
cells was 55.4 ± 25.0, significantly higher than that in tumor cells,
32.3 ± 30.4 (p = 0.0155) (Figure 5A). We selected 12 paired CCA
tumors and normal liver tissue for Western blotting analysis. As
shown in Figure 5B, in each paired sample, the PCDH9
expression level was heavily downregulated (Figure 5B). We
showed four representative images of PCDH9 IHC staining
(Figure 5C) and further calculated the intensity of four stages
of CCA tumor; meanwhile, the statistical results showed that the
intensity of PCDH9 decreased with the increase of stage of
CCA (Figure 5D).

The median cumulative OS in this small cohort of CCA
patients was 16 months (range, 1–59 months). The Kaplan–
Meier analyses revealed that patients with PCDH9-negative
tumors had a higher probability of recurrence as compared
with those with PCDH9-positive tumors (median progression-
free survival (PFS): 12 vs 30 months, p = 0.041; Figure 5E).
Although not reaching a significant value, patients with negative
PCDH9 expression had a short OS as compared with those with
positive PCDH9 expression (median OS: 16 vs 21 months, p =
0.079; Figure 5F). Subsequent multivariate analysis using the
Cox regression model did not demonstrate PCDH9 as an
independent indicator of PFS in patients with CCA. Taken
together, PCDH9 expression in CCA patients showed a good
sign of prognosis.
DISCUSSION

The most valuable finding in this study is the fact that long-term
utilization of b-elemene is able to interrupt the progression of
pre-CCA and probably improves the life quality of rats. In detail,
b-elemene exerted its anticancer potential via upregulating
invasion/metastasis suppressor and inactivating genes
associated with invasion/metastasis. These novel findings
demonstrated some of the unique properties of b-elemene as
an herbal agent for cancer treatment and cancer interruption;
Frontiers in Oncology | www.frontiersin.org 8
especially, b-elemene could strengthen healthy qi to eliminate
pathogenic factors, an aim of TCM treatment (Figure 6).

Cancer incidence and mortality rates for some cancers have
been increasing at an alarming speed in China (27). Given that
most kinds of cancers have certain common causes, delaying,
reversing, or inhibiting cancer insurgence or cancer progression
is important (3). In addition to avoiding carcinogens and
maintaining a healthy lifestyle, drug repurposing could offer an
effective preventive approach to reduce cancer risk, including
aspirin and metformin (3). In this study, we established a realistic
scenario mimicking individuals with extensive carcinogen
exposure: rats were administered with TAA for 3 months, and
then this procedure terminated. Utilizing this model, we
provided first-hand evidence that b-elemene is a good
candidate as a chemopreventive agent. First, long-term use of
b-elemene did not bring significant side effects, and b-elemene
increases the motility of sperm in rats and inhibits the
characteristics of aging of rats, both of which are our focus.
The second is the fact that the liver lesions by TAA induction
became less following b-elemene administration, indicating that
b-elemene did actively interrupt the cancer development process
before a tumor mass dispersed in the liver. Although the
mechanism of b-elemene improving life quality remains
unclear, all the data indicate that b-elemene has some
advantages of preventing cancer and potentially improving
life quality.

The scientific basis for developing b-elemene as an effective
adjuvant agent for cancer treatment is its potential in targeting
the hallmarks of cancer: suppressing proliferative signaling,
inducing cell death, upregulating growth suppressors,
deactivating invasion and metastasis, etc. (11) Our cDNA array
results partially reproduced those molecular mechanisms of the
anticancer activities of b-elemene. However, unlike chemo- or
radiotherapy, which mainly targets cell cycle and DNA synthesis
(28), KEGG pathway analysis showed that half of the top 10
pathways affected by b-elemene treatment were associated with
cancer metabolism, especially gluconeogenesis, and only one was
associated with the cell cycle. Multiple metabolism-associated
genes were induced or inhibited by b-elemene treatment. For
example, two Aldo-Keto Reductases, AKR1C1 and AKR1C4,
were downregulated, while two involved in gluconeogenesis, TPI
and PCK2, were upregulated by b-elemene treatment. These data
provide a novel clue for investigating the mechanism of b-
elemene as an agent for cancer treatment. However, the exact
mechanism underlying b-elemene modulating cancer
metabolism needs further investigation. As a well-studied
Chinese medicine, another impressive result is that b-elemene
treatment not only led to inactivating invasion and metastasis,
characterized by decreased expression of MMP1 and MMP13,
but also led to accelerating growth suppressors and invasion/
metastasis suppressors. A previous study revealed that b-elemene
could reduce epithelial–mesenchymal transition (EMT)-
associated nuclear transcription factors Snail1/2, Twist, and
SIP1 (29). These EMT-associated biomarkers were not listed in
our cDNA array result of b-elemene treatment. However,
multiple metastasis suppressors, such as Dickkopf-1 (DKK1)
July 2022 | Volume 12 | Article 874457
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(30), FZD2 (31), and PCDH9 (25), were gradually increased
along with continuous b-elemene treatment. This is supposed to
be a unique property of TCM, which leads to the turnover of
malignant transformation of cancer cells. However, the detailed
epigenetic mechanism on how b-elemene suppressed the EMT-
driving factors and activated multiple metastasis suppressors is
still elusive and deserves to be clarified.

PCDH9 is a metastasis regulator, which is well-described in
gastric cancer metastases in our previous study (25). Here, we
detected its expression pattern in CCA and tried to explore its
Frontiers in Oncology | www.frontiersin.org 9
prognostic value. Non-cancerous liver cells and bile duct
epithelium showed positive staining of PCDH9, significantly
higher than that in tumor cells. Moreover, patients with
PCDH9-negative tumors have a higher probability of
recurrence than those without PCDH9 expression. Therefore,
our results confirmed PCDH9 as a tumor suppressor and a
predictor of patients’ survival time. Restoring PCDH9 expression
by b-elemene treatment is a major reason for the use of b-
elemene in cancer therapy and interruption. However, the
mechanisms underlying b-elemene-induced activity of PCDH9
A B

D

E F

C

FIGURE 5 | Expression of PCDH9 in patients with cholangiocarcinoma (CCA) showed clinical significance. (A) Immunohistochemistry (IHC) was used to detect the
expression of PCDH9 protein in the normal liver tissue and CCA tissue. The IHC intensity was scored, and the statistical data is shown ***p < 0.001. (B) Twelve
paired CCA and normal tissue were analyzed by Western blotting using antibodies against PCDH9. (C) Representative patterns of PCDH9 protein in CCA samples
were displayed by IHC. Scale bar, 400 mm. (D) CCA samples were analyzed by IHC and scored for four grades. The statistical data are shown *p < 0.05. (E)
Patients with PCDH9 expression had a longer time to recur than those without PCDH9 expression (median PFS: 32 vs 12 months, p = 0.041). (F) Patients with
PCDH9 expression had a longer overall survival (OS) as compared with those without PCDH9 expression (median OS: 21 vs 16 months, p = 0.079).
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need further investigation. For example, we should prepare the
rats with specifically PCDH9 knockout in the bile duct, and then
TAA-induced pre-CCA animal will be applied to test whether
PCDH9 depletion in the bile duct would block CCA occurrence
and progression.

In conclusion, there are several novel findings of anticancer
actions of b-elemene treatment, including interrupting
cancer progression, improving life quality, regulating
cancer metabolism, and accelerating metastasis suppressors.
However, whether b-elemene can be used as a chemopreventive
agent needs a large high-risk population cohort-based
clinical trial. The novel mechanisms underlying b-elemene
treatment also should be further investigated. Overall, efforts
to unravel the complex signal pathways will facilitate b-elemene
to become a truly successful therapeutic or preventive
strategy for CCA.
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administration, rats were sacrificed and liver lesions were examined. 2 of 3 rats in
the group without b-elemene treatment (Mock) presented liver lesions (upper), while
none of those treated with b-elemene treatment had visible liver lesions (lower).
Scale bar, 200 mm.

Supplementary Figure 2 | b-elemene interrupted the formation of rat
cholangiofibrosis (intrahepatic cholangial lesion preceding the development of
cholangiocarcinoma) induced by TAA at 6 months. At 6 months after ß-elemene
administration, all rats were sacrificed and liver lesions were examined. 7 of 7 rats in
the group without b-elemene treatment (Mock) presented liver lesions (upper), while
2 of 6 treated with b-elemene had visible liver lesions(lower). Scale bar, 200 mm.

Supplementary Figure 3 | Apoptotic QBC-939 or ICC-9810 cells were tested by
PI/Annexin V double staining kit following b-elemene treatment at indicated
concentrations and time points. Representative image of apoptosis assay was
shown and Q2 area indicated the percent of apoptotic cells in the group.
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Supplementary Figure 4 | Apoptotic genetically manipulated QBC-939 or
ICC-9810 cells was performed by PI/Annexin V double staining kit following b-
elemene treatment at indicated concentrations and time points. * P<0.05,
***P<0.001.

Supplementary Figure 5 | b-elemene inhibited cell proliferation by regulating
energy metabolism-related genes. (A, B) Cluster of changed genes involved in
metabolism (A) and the linear trend of selected genes at indicated time points (B).
(C) QBC-939 cells were treated with b-elemene (500 ug/ml) for 48 hours and PCK2
mRNA levels were measured using quantitative RT-PCR.

Supplementary Figure 6 | After TAA induction, rats were treated with or
without b-elemene (500 ug/ml) for 1 week and then liver was obtained for
quantitative RT-PCR using primers against rat PCDH9 (A). **P<0.01. PCDH9
expression patterns in human liver (B) and bile ducts (C) were shown by IHC.
Scale bar, 200 mm.
REFERENCES

1. Squadroni M, Tondulli L, Gatta G, Mosconi S, Beretta G, Labianca R, et al.
Cholangiocarcinoma. Crit Rev Oncol Hematol (2017) 116:11–31. doi: 10.1016/
j.critrevonc.2016.11.012

2. Skipworth JR, Keane MG, Pereira SP. Update on the Management of
Cholangiocarcinoma. Dig Dis (2014) 32:570–8. doi: 10.1159/000360507

3. Albini A, DeCensi A, Cavalli F, Costa A. Cancer Prevention and Interception:
A New Era for Chemopreventive Approaches. Clin Cancer Res (2016)
22:4322–7. doi: 10.1158/1078-0432.CCR-16-0695

4. Ye L, Jia Y, Ji KE, Sanders AJ, Xue K, Ji J, et al. Traditional Chinese Medicine
in the Prevention and Treatment of Cancer and Cancer Metastasis. Oncol Lett
(2015) 10:1240–50. doi: 10.3892/ol.2015.3459

5. Xiang Y, Guo Z, Zhu P, Chen J, Huang Y. Traditional Chinese Medicine as a
Cancer Treatment: Modern Perspectives of Ancient But Advanced Science.
Cancer Med (2019) 8:1958–75. doi: 10.1002/cam4.2108

6. Yan Z, Lai Z, Lin J. Anticancer Properties of Traditional Chinese Medicine.
Comb Chem High Throughput Screen (2017) 20:423–9. doi: 10.2174/
1386207320666170116141818

7. Wu HA, Chen CH, Hsieh MH, Wu YC, Chiu JP, Huang CJ, et al. The Benefit
of Enhanced Daycare of Traditional Chinese Medicine for Cancer Treatment
Related Adverse Events: A Retrospective Study of Medical Records. Integr
Cance r The r ( 2021) 20 : 15347354211025634 . do i : 10 . 1177/
15347354211025634

8. Chang Z, Gao M, Zhang W, Song L, Jia Y, Qin Y. Beta-Elemene Treatment is
Associated With Improved Outcomes of Patients With Esophageal Squamous
Cel l Carcinoma. Surg Oncol (2017) 26 :333–7. doi : 10.1016/
j.suronc.2017.07.002

9. Yao YQ, Ding X, Jia YC, Huang CX, Wang YZ, Xu YH. Anti-Tumor Effect of
Beta-Elemene in Glioblastoma Cells Depends on P38 MAPK Activation.
Cancer Lett (2008) 264:127–34. doi: 10.1016/j.canlet.2008.01.049

10. Zheng C, Cai X, Wu S, Liu Z, Shi Y, Zhou W. Enhancing Effect of Beta-
Elemene Emulsion on Chemotherapy With Harringtonine, Aclacinomycin,
and Ara-C in Treatment of Refractory/Relapsed Acute Myeloid Leukemia.
Pak J Med Sci (2014) 30:1270–2. doi: 10.12669/pjms.306.5207

11. Jiang S, Ling C, Li W, Jiang H, Zhi Q, Jiang M. Molecular Mechanisms of
Anti-Cancer Activities of b;-Elemene: Targeting Hallmarks of Cancer.
Anticancer Agents Med Chem (2016) 16:1426–34. doi: 10.2174/
1871520616666160211123424

12. Zhai B, Zhang N, Han X, Li Q, Zhang M, Chen X, et al. Molecular Targets of
Beta-Elemene, a Herbal Extract Used in Traditional Chinese Medicine, and its
Potential Role in Cancer Therapy: A Review. BioMed Pharmacother (2019)
114:108812. doi: 10.1016/j.biopha.2019.108812

13. Li C, Zhao X, Gu X, Chen Y, Yu G. The Preventive Role of Hydrogen-Rich
Water in Thioacetamide-Induced Cholangiofibrosis in Rat Assessed by
Automated Histological Classification. Front Pharmacol (2021) 12:632045.
doi: 10.3389/fphar.2021.632045

14. Yeh CN, Maitra A, Lee KF, Jan YY, Chen MF. Thioacetamide-Induced
Intestinal-Type Cholangiocarcinoma in Rat: An Animal Model
Recapitulating the Multi-Stage Progression of Human Cholangiocarcinoma.
Carcinogenesis (2004) 25:631–6. doi: 10.1093/carcin/bgh037

15. Wang C, Yu G, Liu J, Wang J, Zhang Y, Zhang X, et al. Downregulation of
PCDH9 Predicts Prognosis for Patients With Glioma. J Clin Neurosci (2012)
19:541–5. doi: 10.1016/j.jocn.2011.04.047

16. Lv J, Zhu P, Zhang X, Zhang L, Chen X, Lu F, et al. PCDH9 Acts as a Tumor
Suppressor Inducing Tumor Cell Arrest at G0/G1 Phase and is Frequently
Methylated in Hepatocellular Carcinoma. Mol Med Rep (2017) 16:4475–82.
doi: 10.3892/mmr.2017.7193

17. Shi C, Yang Y, Zhang L, Yu J, Qin S, Xu H, et al. MiR-200a-3p Promoted the
Malignant Behaviors of Ovarian Cancer Cells Through Regulating PCDH9.
Onco Targets Ther (2019) 12:8329–38. doi: 10.2147/OTT.S220339

18. Cesarini V, Silvestris DA, Tassinari V, Tomaselli S, Alon S, Eisenberg E, et al.
ADAR2/miR-589-3p Axis Controls Glioblastoma Cell Migration/Invasion.
Nucleic Acids Res (2018) 46:2045–59. doi: 10.1093/nar/gkx1257

19. Gao Y, Chen Y, Xu D, Wang J, Yu G. Differential Expression of ANXA1 in
Benign Human Gastrointestinal Tissues and Cancers. BMC Cancer (2014)
14:520. doi: 10.1186/1471-2407-14-520

20. Shao J, Lu J, Zhu W, Yu H, Jing X, Wang YL, et al. Derepression of LOXL4
Inhibits Liver Cancer Growth by Reactivating Compromised P53. Cell Death
Differ (2019). doi: 10.1038/s41418-019-0293-x

21. Park BK, Zhang H, Zeng Q, Dai J, Keller ET, Giordano T, et al. NF-kappaB in
Breast Cancer Cells Promotes Osteolytic Bone Metastasis by Inducing
Osteoclastogenesis via GM-CSF. Nat Med (2007) 13:62–9. doi: 10.1038/
nm1519

22. Yu G, Fang W, Xia T, Chen Y, Gao Y, Jiao X, et al. Metformin Potentiates
Rapamycin and Cisplatin in Gastric Cancer in Mice. Oncotarget (2015)
6:12748–62. doi: 10.18632/oncotarget.3327

23. Jiao X, Yu W, Qian J, Chen Y, Wei P, Fang W, et al. ADAM-17 is a Poor
Prognostic Indicator for Patients With Hilar Cholangiocarcinoma and is
Regulated by Foxm1. BMC Cancer (2018) 18:570. doi: 10.1186/s12885-018-
4294-9

24. Yu G, YuW, Jin G, Xu D, Chen Y, Xia T, et al. PKM2 Regulates Neural Invasion
of and Predicts Poor Prognosis for Human Hilar Cholangiocarcinoma. Mol
Cancer (2015) 14:193. doi: 10.1186/s12943-015-0462-6

25. Chen Y, Xiang H, Zhang Y, Wang J, Yu G. Loss of PCDH9 is Associated With
the Differentiation of Tumor Cells and Metastasis and Predicts Poor Survival
in Gastric Cancer. Clin Exp Metastasis (2015) 32:417–28. doi: 10.1007/s10585-
015-9712-7

26. Jiang Z, Jacob JA, Loganathachetti DS, Nainangu P, Chen B. Beta-Elemene:
Mechanistic Studies on Cancer Cell Interaction and Its Chemosensitization
Effect. Front Pharmacol (2017) 8:105. doi: 10.3389/fphar.2017.00105

27. Bode AM, Dong Z, Wang H. Cancer Prevention and Control: Alarming
Challenges in China. Natl Sci Rev (2016) 3:117–27. doi: 10.1093/nsr/nwv054

28. Wang L, Liu Y, Yu G. Avasimibe Inhibits Tumor Growth by Targeting
FoxM1-AKR1C1 in Osteosarcoma. Onco Targets Ther (2019) 12:815–23.
doi: 10.2147/OTT.S165647

29. Zhang X, Li Y, Zhang Y, Song J, Wang Q, Zheng L, et al. Beta-Elemene Blocks
Epithelial-Mesenchymal Transition in Human Breast Cancer Cell Line MCF-7
July 2022 | Volume 12 | Article 874457

https://doi.org/10.1016/j.critrevonc.2016.11.012
https://doi.org/10.1016/j.critrevonc.2016.11.012
https://doi.org/10.1159/000360507
https://doi.org/10.1158/1078-0432.CCR-16-0695
https://doi.org/10.3892/ol.2015.3459
https://doi.org/10.1002/cam4.2108
https://doi.org/10.2174/1386207320666170116141818
https://doi.org/10.2174/1386207320666170116141818
https://doi.org/10.1177/15347354211025634
https://doi.org/10.1177/15347354211025634
https://doi.org/10.1016/j.suronc.2017.07.002
https://doi.org/10.1016/j.suronc.2017.07.002
https://doi.org/10.1016/j.canlet.2008.01.049
https://doi.org/10.12669/pjms.306.5207
https://doi.org/10.2174/1871520616666160211123424
https://doi.org/10.2174/1871520616666160211123424
https://doi.org/10.1016/j.biopha.2019.108812
https://doi.org/10.3389/fphar.2021.632045
https://doi.org/10.1093/carcin/bgh037
https://doi.org/10.1016/j.jocn.2011.04.047
https://doi.org/10.3892/mmr.2017.7193
https://doi.org/10.2147/OTT.S220339
https://doi.org/10.1093/nar/gkx1257
https://doi.org/10.1186/1471-2407-14-520
https://doi.org/10.1038/s41418-019-0293-x
https://doi.org/10.1038/nm1519
https://doi.org/10.1038/nm1519
https://doi.org/10.18632/oncotarget.3327
https://doi.org/10.1186/s12885-018-4294-9
https://doi.org/10.1186/s12885-018-4294-9
https://doi.org/10.1186/s12943-015-0462-6
https://doi.org/10.1007/s10585-015-9712-7
https://doi.org/10.1007/s10585-015-9712-7
https://doi.org/10.3389/fphar.2017.00105
https://doi.org/10.1093/nsr/nwv054
https://doi.org/10.2147/OTT.S165647
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wu et al. The Chemopreventive Role of b-Elemene
Through Smad3-Mediated Down-Regulation of Nuclear Transcription
Factors. PloS One (2013) 8:e58719. doi: 10.1371/journal.pone.0058719

30. Park H, Jung HY, Choi HJ, Kim DY, Yoo JY, Yun CO, et al. Distinct Roles of
DKK1 and DKK2 in Tumor Angiogenesis. Angiogenesis (2014) 17:221–34.
doi: 10.1007/s10456-013-9390-5

31. Ding LC, Huang XY, Zheng FF, Xie J, She L, Feng Y, et al. FZD2 Inhibits the
Cell Growth andMigration of Salivary Adenoid Cystic Carcinomas. Oncol Rep
(2016) 35:1006–12. doi: 10.3892/or.2015.3811
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Oncology | www.frontiersin.org 12
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wu, Shi, Pan, Liao, Xu, Gu, Yu, Chen and Yu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
July 2022 | Volume 12 | Article 874457

https://doi.org/10.1371/journal.pone.0058719
https://doi.org/10.1007/s10456-013-9390-5
https://doi.org/10.3892/or.2015.3811
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Chemopreventive Role of β-Elemene in Cholangiocarcinoma by Restoring PCDH9 Expression
	Introduction
	Methods and Materials
	Animal Models
	Histological Evaluation
	Cell Proliferation
	Apoptosis Assay
	Cell Cycle Analysis
	cDNA Microarray
	Tissue Specimens and Immunohistochemical Study
	Statistics

	Results
	β-Elemene Interrupted Tumor Formation Induced by Thioacetamide
	Safety and Quality of Life for Long-Term Utilization of β-Elemene
	β-Elemene Induces Apoptosis and Cell Cycle Arrest of Human Cholangiocarcinoma Cells and Aberrant Gene Expression
	β-Elemene Induces Aberrant Expression of Invasion/Metastasis-Related Genes, Especially PCDH9
	PCDH9 Depletion Impaired the Effect of β-Elemene on Cholangiocarcinoma Cells
	Expression of PCDH9 in Patients With Cholangiocarcinoma Showed Clinical Significance

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


