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Abstract: DLBS1442 is a bioactive fraction extracted from the fruit of the native Indonesian
plant, Phaleria macrocarpa (Scheft.) Boerl (Thymelaceae). This bioactive fraction is a potential
treatment for dysmenorrhea and endometriosis. The present study investigated the pharmacological
action of DLBS1442 in endometrial cells. The effect of various doses of DLBS1442 (0-200 ng/
mL) over 24 hours was studied using the human endometrial RL95-2 cell line to observe its effect
on angiogenesis, cell migration, estrogen and progesterone receptor levels, the eicosanoid pathway,
cell viability, and apoptosis. The impact of DLBS1442 on nuclear factor kappa B (NFxB) and
the eicosanoid pathway was also studied through its marker gene expression using a quantitative
real-time polymerase chain reaction method. DLBS1442 showed an ability to inhibit angiogenesis
and cell migration in a dose-dependent manner. Ata dose of 100 pg/mL, DLBS1442 increased the
cell population in sub-G1 phase from 7% to 34%. DLBS1442 also significantly downregulated the
estrogen receptor level and upregulated the progesterone receptor level. Further, it inhibited the
eicosanoid signaling pathway by reducing the NFxB transcription level and subsequent reduction
ofinducible nitric oxide synthase. A dose-dependent decrease in viability and increased apoptosis
in RL95-2 cells were also evident after exposure to DLBS1442, where the IC, | was obtained at
around 100 pg/mL. In conclusion, DLBS1442 is a potential agent for alleviating symptoms of
endometriosis via its antiangiogenic, anti-inflammatory, and proapoptotic activity.

Keywords: progesterone receptor, estrogen receptor, eicosanoid pathway, anti-inflammatory

Introduction

Endometriosis is a noncancerous condition in which tissue that normally lines a
woman’s uterus appears elsewhere in the body, particularly in the fallopian tubes,
ovaries, rectum, bladder, and other pelvic tissues. It is acknowledged to be the most
frequent cause of pelvic pain among women in their reproductive years. The disease
has been estimated to affect 5%—10% of women of reproductive age and as many as
70% of women with infertility or chronic pelvic pain.' In a series of 2,080 infertile
women, 1,263 (60.7%) were diagnosed with endometriosis.?

In endometriosis, the eutopic endometrium exhibits multiple subtle but biologi-
cally important molecular abnormalities, including biosynthetic cascades that result in
increased production of cytokines, prostaglandins, and metalloproteinases.' Upregula-
tion of these proteins may lead to symptoms such as chronic pain, dyspareunia, fatigue,
and infertility. Although many attempts have been made to treat endometriosis, many
women still suffer from this condition, and the number of endometriosis cases remains
high throughout the world. Therefore, a new efficacious agent to help treat this disease
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is urgently needed. In this regard, the use of natural products
would be one promising method for treating endometriosis.

DLBS1442 is a bioactive fraction in Phaleria macrocarpa
(Sheft.) Boerl (Thymelaceae). The results of our previous
study of the bioactive fractions in P. macrocarpa indicated
that these fractions could potentially be used to treat medi-
cal conditions such as endometriosis.** Previously, we also
conducted a clinical trial demonstrating that DLBS1442 was
able to help treat the symptoms of primary dysmenorrhea in
premenstrual syndrome.’ In light of our earlier findings, we
undertook this study to elucidate further the mechanism of
action of DLBS1442 at the cellular level in endometrial cells.
We investigated the effects of DLBS1442 on expression of
genes that encode critical enzymes associated with the onset of
endometriosis in a human endometrial (RL95-2) cell line. Our
research focused on investigating a potential bioactive frac-
tion that targets the cell proliferation response, proapoptotic
activity, and expression of angiogenesis-regulating factor, and
examining its relationship with expression of inflammatory
genes and sex hormone receptor-related mechanisms.

Materials and methods
Preparation of DLBS 1442

P. macrocarpawas collected from Central Java, Indonesia, iden-
tified in the Herbarium Bogoriense, Research Center for Biol-
ogy, Indonesian Institute of Sciences, and issued with certificate
261/TPH.1.02/1f.8/X11/2009. The bioactive fraction (DLBS1442)
was prepared in the manner described by Tjandrawinata.®

Cell cultures and treatment
with DLBS 1442

The human endometrial epithelial cell line (RL95-2) was
purchased from the American Type Culture Collection (Rock-
ville, MD, USA). RL95-2 cells were cultured in Dulbecco’s
Modified Eagle’s Medium/F12 basal medium (Gibco, Carls-
bad, CA, USA) with 10% fetal calf serum (Gibco), 1% pen-
icillin—streptomycin (Gibco), and 0.1% insulin (Gibco). The
culture was incubated at 37°C in a 5% CO, atmosphere. The
medium was replaced every 2—3 days until the cells reached
80% confluence. The culture was then subcultivated at a ratio
of 1:4-1:6 using 1 mL of trypsin-ethylenediaminetetraacetic
acid (Gibco) and plated in 6/24/96 well. For ribonucleic acid
(RNA) analysis, cells were plated on 6-well plates. For cell
migration scratch assay, cells were plated in 10 cm dishes.
While for fluorescence-activated cell-sorting (FACS) analy-
sis, cells were plated in 24-well plate. For the in vitro cell-
viability assay, cells were plated on 96-well plates (Iwaki,
Tokyo, Japan). Prior to treatment, the cells were maintained
in serum-free medium. Treatment with DLBS1442 was given

at various concentrations in the range of 0-200 pg/mL. The
experiment was repeated twice for each concentration tested.
The duration of treatment was 21-24 hours.

RNA analysis

Total RNA was extracted using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s protocol.
The RNA concentration was quantified using a NanoDrop
2000c spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA). Expression of several target genes was determined
using a quantitative real-time polymerase chain reaction
(RT-PCR) assay in 25 pL solution consisting of 12.5 uL of
iQ™ SYBR® Green Supermix (Bio-Rad Laboratories, Hercu-
les, CA, USA), 0.8 uM of each targeted primer, and 0.1 uM
of each internal control primer. Quantitative RT-PCR was
performed using a Mini Opticon MJ Mini™ system (Bio-Rad
Laboratories) under optimum conditions for each primer.

Gelatin zymography

The activity of matrix metalloproteinase (MMP) in the total
protein isolated from DLBS1442-treated RL95-2 cells was
measured by gelatin zymography. The protein sample was
separated in nonreducing sodium dodecyl sulfate poly-
acrylamide gel electrophoresis with 0.2% gelatin substrate
incorporated into the gel. The gel was then washed in
2.5% Triton™ X-100 (Sigma, St Louis, MO, USA) for one
hour followed by overnight incubation in reaction buffer
(50 mM Tris-HCI, pH 7.5, 10 mM CaCl,, 0.15 M NaCl)
at a temperature of 37°C. Finally, the gel was stained with
0.25% Coomassie Brilliant Blue R-250 (Merck, Darmstadt,
Germany) for 40 minutes before being destained using a mix-
ture of 10% methanol, 10% acetic acid glacial, and water.

Cell migration scratch assay

A scratch assay was done in a RL95-2 cell monolayer cul-
tured in 10 cm dishes. A P10 pipette tip was used to scrape the
layer in a straight line. The debris was removed and replaced
with 10 mL of growth medium supplemented with 5% serum.
After 2 hours, the cells were treated with DLBS1442 in vari-
ous concentrations. The control cell group was prepared with
addition of 15% dimethyl sulfoxide only as a substitute for
treatment with DLBS1442. The cells were then incubated
at 37°C with 5% CO,, then examined for 6 and 24 hours to
examine their migration patterns.

In vitro cell toxicity assays

Cell culture with 80% cell confluence was serum-starved prior to
treatment with DLBS1442. The cells were incubated with vari-
ous concentrations of DLBS1442 (0, 10, 25, 50, and 100 pg/mL)
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for 24 hours, after which 20 UL of Cell Titer 96® Aqueous One
Solution Reagent (Promega, Fitchburg, W1, USA) was added to
each well. After 2-4 hours of incubation at 37°C in 5% CO,, the
absorbance of each cell culture was measured (A=490 nm) using
a microplate reader (Model 680, Bio-Rad Laboratories).

Flow cytometry analysis

Cells were collected by centrifugation at 4°C for 5 minutes
at 3,000 rpm. The cells were then washed with phosphate-
buffered saline and collected using the same centrifugation
procedure. After centrifugation, the cells were fixed with
a mixture containing 300 UL of phosphate-buffered saline
and 700 uL of absolute ethanol. The cells were then left to
incubate at 4°C overnight. The fixed cells were then collected
after a similar centrifugation procedure to remove the super-
natant. Cells were stained with 500 UL of propidium iodide
solution (Merck) in each culture well and then suspended and
incubated at room temperature for 30 minutes in the absence
of light. At least 10,000 cells were analyzed for their cell
cycle distribution using BD FACSCalibur® and Cell Quest
Pro® software (Becton Dickinson, San Jose, CA, USA).

Western blotting of caspase-8

and procaspase-9

Secreted caspase protein in the medium was analyzed by
Western blotting assay (Bio-Rad Laboratories). The medium
was concentrated up to tenfold by using a filter membrane
with a 10 kDa molecular weight cut-off (Millipore, Billerica,
MA, USA). The protein concentration was measured using the
Bradford method. Next, the protein was separated in sodium
dodecyl sulfate polyacrylamide gel electrophoresis using
10% acrylamide gel at 100 volts for 150 minutes. The protein
in the gel was then transferred to polyvinylidene difluoride
membranes using a blotting system at 500 mA for 75 minutes.
Rabbit polyclonal antibodies against human caspase-8 and
procaspase-9 were applied to the membrane. After overnight
incubation at 4°C, the primary antibodies were removed and
replaced with horseradish peroxidase-conjugated secondary
antibodies (Abcam, Cambridge, UK). The caspase-8 and pro-
caspase-9 proteins that specifically bind to the antibodies were
then detected using luminol chemiluminescence reagent and
exposed to a film (Fujifilm, Tokyo, Japan) in the dark room.
Antibodies, both primary and secondary, polyvinylidene dif-
luoride membranes, and luminol reagent were purchased from
Santa Cruz Biotechnology, Inc (Santa Cruz, CA, USA).

Statistical analysis
Statistical analysis of the comparison between control
cells and cells treated with DLBS1442 was done using

the Student’s #-test with Stat-View software (Abacus
Concepts, Piscataway, NJ, USA). Values are expressed as
the mean = standard deviation of at least two independent
experiments.

Results
Effect of DLBS1442 on regulation

of angiogenesis

To explore the effects of DLBS1442 on angiogenesis, quan-
titative RT-PCR analyses were performed to determine the
transcription levels of vascular endothelial growth factor
(VEGF), hypoxia-inducible factor (HIF)-1c., and MMP-9 in
DLBS1442-treated RL95-2 cells. Treatment with DLBS 1442
resulted in a significant downregulation of VEGF, HIF-1q,
and MMP-9 expression in a dose-dependent manner in
RL95-2 cells (Figure 1A—C). The most marked decrease in
the transcription level of these genes was seen at a concen-
tration of 75 pg/mL (Figure 1). In addition, expression of
MMP-2 and MMP-9 was measured by gelatin zymography.
A previous report suggested that eutopic endometrium in
women with endometriosis showed greater release of metal-
loproteases, including MMP-9, when compared with normal
women.® DLBS1442 was found to decrease MMP-9 protein
expression in a dose-dependent manner (Figure 1D), while
MMP-2 was not affected.

Effect of DLBS1442 on cell migration

Normal endometrial cells are widely known for their abil-
ity to migrate actively from one site to another. In endo-
metrial RL95-2 cells, these migrations were investigated
in the absence and presence of DLBS1442. The effect of
DLBS1442 on cell migration of human endometrial cells
at 0, 6, and 24 hours was evaluated using a wound clo-
sure assay. The percentage of closure in the wound area
with or without the presence of DLRS1442 is shown in
black square in Figure 1E. However, this did not occur in
cells treated with DLBS1442 at 50, 100, and 200 pg/mL.
Therefore, it can be concluded that DLBS1442 is capable
of inhibiting the migratory and invasive activity of RL95-2
endometrial cells.

Effect of DLBS1442 on ER[3 and PR-B

transcription level

The biological roles of the estrogen receptor (ER) and
progesterone receptor (PR) in endometrial tissue were
examined since they play important roles as signal mediators
of estrogen and progesterone. The ER and PR are known
to be the most extensively studied biological prognostic
markers in endometrial carcinoma.? In this study, RT-PCR
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Figure | Effect of DLBS1442 on angiogenesis-regulating factors and cell migration.

Notes: DLBS1442 synergistically reduced VEGF (A), HIF-1o. (B), and MMP-9 (C) transcriptional levels. RL95-2 cells were treated with DLBS1442 in various concentrations
and total RNA was extracted after 24 hours of incubation. Expression levels of VEGF, HIF-10, and MMP-9 mRNA were analyzed by real-time polymerase chain reaction
and normalized to B-actin. Expression of MMP-2 and MMP-9 was also measured by gelatin zymography (D). Treatment with DLBS1442 inhibited migration of RL95-2 cells,

suggesting an antiangiogenic effect (E).

Abbreviations: C, control; DMSO, dimethyl sulfoxide; HIF-10., hypoxia-inducible factor-10; MMP, matrix metalloproteinase; VEGF, vascular endothelial growth factor.

was carried out to evaluate the expression of ER} and PR-B.
After 24 hours of treatment with DLBS1442 (at doses of
25,50, 75, and 100 pg/mL), the mRNA expression of ER]
(Figure 2A and B) in RL95-2 cells was significantly low-
ered, while PR was upregulated in a dose-dependent manner
(Figure 2C and D).

Effect of DLBS1442 on the eicosanoid

pathway

Cyclooxygenase (COX)-2 is known to play a critical role in
perpetuating a positive feedback loop in inducing inflam-
mation and promoting proliferation in endometriosis, and
is possibly also involved in endometrial cell invasion and
angiogenesis.>" Further, overexpression of COX-2 has
been identified recently as a putative biomarker for recur-
rence in endometriosis, and has been reported to correlate
with the severity of dysmenorrhea and nonmenstrual chronic

10-13 Endometri-

pelvic pain in women with endometriosis.
otic cells are a primary source of cytokine, chemokine, and
inflammatory enzyme COX-2 and VEGF secretion.”'*!5 In
this regard, COX-2 expression was analyzed by RT-PCR
in DLBS1442-treated RL95-2 cells. DLBS1442 was found
to significantly decrease transcription levels of COX-2 in a
dose-dependent manner (Figure 3A). A similar decrease was
found when levels of cytosolic phospholipase A2 (cPLA2)
were investigated in DLBS1442-treated cells (Figure 3B).
In endometriotic cells, PR-B is downregulated, whereas
proinflammatory transcription factors, eg, nuclear factor
kappa B (NFkp), are upregulated, as a consequence of
increased expression of proinflammatory cytokines and
chemokines. 141617

Several studies have indicated that expression of COX-2
and cPLA?2 is regulated by activation of NF«xf.'® To clarify
their relationship with NFkf (p50/p65), the transcription
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Abbreviations: C, control; ERp, estrogen receptor beta; PR-B, progesterone receptor B.

level of NFxf was investigated in RL95-2 cells in the
presence and absence of DLBS1442. As shown in Figure
3C, administration of DLBS1442 significantly decreased
NF«f transcription levels. Since NFxf regulates COX-2 and
inducible nitric oxide synthase (iNOS), and endometriosis-
associated infertility is usually related to higher levels of
iNOS and NOS enzyme activity, we also investigated the
ability of DLBS1442 to modulate iNOS expression. The
results indicate that DLBS1442 suppressed expression of
iNOS mRNA in RL95-2 cells (Figure 3D). Taken together,
these data suggest that DLBS1442-mediated inhibition of
COX-2, cPLA2, and iNOS expression may be attributable
to lowered transcriptional levels of NF«f.

Effect of DLBS1442 on RL95-2 cell
viability, flow cytometry, and cellular
apoptosis

The effect of DLBS1442 on the viability of endometrial
cells was examined in a human endometrial epithelial cell
line (RL95-2). The results showed that death of RL95-2 cells
occurred in a dose-dependent manner, with more than 50% of

cell death occurring at a dose of 100 pwg/mL (Figure 4A). Flow
cytometry analysis was also conducted on cells treated with
DLBS1442 (25 and 100 pg/mL) over 24 hours. DLBS1442
at a dose of 25 ng/mL increased the cell population in the
sub-G1 phase of the cell cycle from 7% to 16% (Figure 4B).
A similar effect was observed in DLBS1442 cells treated
with 100 pg/mL, where the cell population remaining in
sub-G1 phase increased from 7% to 34% (Figure 4B). Taken
together, these data suggest that DLBS1442 affects cell cycle
progression, possibly by inducing cellular apoptosis.

To examine further whether the decrease in cell viability
in fact was due to full activation of the apoptotic program, we
performed immunoblotting analysis on expression of activated
caspase-9 and activated caspase-8, known as markers of apop-
tosis. As expected, DLBS1442 was able to dose-dependently
induce cellular death signal, mostly by activation of caspase-8§,
but not by activation of caspase-9 (Figure 4C).

Discussion
Endometriosis is a complex medical problem involving a
whole array of dysregulation in hormone receptor expression,
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cPLA2, cytosolic phospholipase A2.

particularly that of estrogen and progesterone, and chronic
inflammation mediated by increased COX-2 expression."?
Our present study was performed to investigate the molecular
mechanism of DLBS1442 in the treatment of endometriosis.

Angiogenesis is the process by which a new blood-vas-
cular system grows from the existing vascular bed through
interaction between cytokines, the cellular matrix, and
proteolytic enzymes. This process has a pivotal role in the
development of endometriosis because the disease is highly
reliant on formation of a new blood-vascular system. In nor-
mal case, growth of new endometrial cell is restricted to a
few millimeters in diameter due to insufficient nutrients and
oxygen that stems from poor vascularization.? In addition,
angiogenesis and vascularization allow endometrial cells
to escape into the circulation and lodge in other organs."

These findings suggest that antiangiogenesis is an important
strategy in the treatment of endometriosis. As endometrial
tissue expands, local hypoxic conditions induce a molecular
response that leads to activation of HIF, a key transcription
factor.'® Activation of HIF induces the expression of proan-
giogenic growth factors, such as VEGF. These proangiogenic
growth factors in turn bind to and activate their respective
receptors on the surface of endothelial cells, leading to angio-
genesis.? In the present study, treatment with DLBS1442
resulted in downregulation of VEGF and HIF-1o. This
result suggests that DLBS1442 inhibited the transcriptional
activity of HIF-1o and further reduced cellular and secreted
VEGEF levels. Therefore, it can be concluded that DLBS1442
exerts its antiangiogenic activity by disturbing the binding
of HIF-1o to the VEGF promoter in RL95-2 cells.
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(DLBS1442 25 and 100 pg/mL). (C) Immunoblotting analysis of activated caspase-8 and caspase-9 expression in RL95-2 cells.

In order to allow endothelial cells to migrate and invade
into the surrounding tissue, the process of angiogenesis
requires degradation of the vascular basement membrane
and remodeling of the extracellular matrix. MMPs are a fam-
ily of proteolytic enzymes that degrade various components
of the extracellular matrix and participate in the remodeling
of these structures. The activity of MMP-9 increased gradu-
ally in endometriotic tissues according to severity. In this
study, we investigated the effect of DLBS1442 in treating
endometriosis by downregulating MMP activity. Our results
demonstrated conclusively that MMP-9, which has a sig-
nificant effect on endometriotic lesions, was downregulated
by DLBS1442 in a dose-dependent manner.

Another factor that is also critical to the development of
endometriosis is inflammation. There is mounting evidence
suggesting that imbalances in the inflammatory system
have a significant role in the development of the disease.!?
Endometriotic tissue contains high levels of prostaglandin E2
which may contribute to the pain experienced by women with
endometriosis. The first step in the synthesis of prostaglandin
is hydrolysis of arachidonic acid from phospholipids in the
cell membrane, predominantly by the action of cPLA2. The
free arachidonic acid is then converted to the intermediates,
prostaglandin G2 and prostaglandin H2, by the action of
prostaglandin H synthase (alternatively known as COX).
The prostaglandin G2 and prostaglandin H2 are

further metabolized to prostaglandins, prostacyclin, or
thromboxanes.

Several studies have shown that many women with endo-
metriosis overexpress COX-2.71% There are two isoforms
of COX that are encoded by different genes, ie, COX-1,
which is constitutively expressed, and COX-2, which is
upregulated in response to stimuli such as cytokines and
growth factors. Endometriosis patients suffering from mod-
erate to severe chronic pelvic pain (dysmenorrhea) showed
significantly higher expression of COX-2 than asymptomatic
patients and patients with minimal symptoms.'>!* Inhibition
of COX-2 decreases endometriotic epithelial and stromal
cell survival, migration, and invasion.?'>* Thus, by inhibit-
ing COX-2, DLBS1442 can help reduce dysmenorrhea in
women with endometriosis.’ As high levels of nitric oxide
adversely affect sperm, embryos, implantation, and oviductal
function, DLBS1442 may improve fertility in women with
endometriosis by reducing production of iNOS.

NFkP has been studied extensively as an inducible
transcriptional regulator of the immune and inflammatory
responses. Accumulating evidence has demonstrated the
essential role of constitutive activation of NFkf3 in control-
ling the initiation and progression of endometriosis. NFx[3
contributes to the increased ability of endometriotic cells to
invade and adhere to the peritoneal surface by regulating
the expression of MMPs.?* Hence, our data indicate that
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the anti-inflammatory, pain-relieving, and anti-angiogenic
actions of DLBS1442 might result from downregulation of
NFxB activity, resulting in inhibition of expression of iNOS,
COX-2, cPLA2, and MMP-9.

Development of endometriosis is also greatly dependent
on proliferation and apoptosis of endometriotic cells. These
factors affect the viability of endometriotic cells. It has been
reported that endometrial cells in women with endometriosis
show resistance to apoptosis.?>* Our present study demon-
strated that DLBS1442 was able to inhibit proliferation of
endometriotic cells. Viability of RL95-2 cells decreased in
a dose-dependent manner by addition of DLBS1442. Our
study also demonstrated that exposure to DLBS1442 within
24 hours leads to a decrease in cell viability and an increase
in cell apoptosis, within 24 hours. The ability of DLBS1442
to induce apoptosis in RL95-2 cells was further confirmed
with Western blotting of activated cleavage of caspase-8.

Endometriosis is known to be strongly influenced by
estrogen and progesterone levels.”> Both estrogen and
progesterone exert their effects through intranuclear sex
hormone receptors, including the ER and PR. The ER has
two isoforms, ie, ERo. and ERP. The two isoforms have
different tissue distribution and exert different biological
functions.?*?” Bulun! and Gupta et al? reported that ER[3
mRNA signals were overexpressed in 80% of endometriosis
cases.!” Endometriosis is also associated with a reduced
response to progesterone in the endometrium. The resistance
of endometriotic tissue to progesterone can be explained by
alterations in the distribution of the ER and PR isoforms
and dysregulation of progesterone target genes. PR is
present in two isoforms, PR-A and PR-B. These isoforms
are translated from the same gene following initiation of
transcription by different promoters. However, microarray
analyses that express either PR-A or PR-B have confirmed
that each of the PR isoforms has a unique set of target genes.
PR-B tends to be a stronger activator of progesterone target
genes, whereas PR-A has been shown to act as a dominant
repressor of PR-B. Alteration in the relative expression of
PR-B in endometrial cells may also play a pivotal role in
the pathogenesis of endometriosis. Reduced expression of
either one or both of the PR isoforms has been observed
in the majority of endometrial diseases.!?* In this study,
DLBS1442 was found to have the ability to downregulate
ER gene expression and upregulate PR gene expression.
The effect of higher levels of PR would have a beneficial
effect since progesterone is a growth inhibitory hormone
in the endometrium. Increasing PR gene expression will
inhibit inflammatory signaling and NFkp activation.

Thus, it can be deduced that the anti-inflammatory and
antiproliferative activity of DLBS1442 is mediated via PR
of stromal cells.

In summary, the overall data on DLBS1442 suggest a role
for this bioactive fraction in decreasing the problems associated
with endometriosis. The present study shows that DLBS1442
exerts its anti-inflammatory, proapoptotic, and antiangiogenic
activity by reducing NF«f and inhibiting the eicosanoid path-
way. Hence, it can be concluded that DLBS1442 has high
potential as a treatment for endometriosis.
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