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Water extract of frankincense and myrrh inhibits
liver cancer progression and epithelial-mesenchymal
transition through Wnt/f-catenin signaling
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Abstract. Wnt/B-catenin signaling is associated with epithe-
lial-mesenchymal transformation (EMT), which serves an
important role in hepatocellular carcinoma (HCC) invasion
and metastasis. Frankincense and myrrh (FM) are antitumor
agents commonly used in clinical practice. The present study
aimed to investigate the effect and mechanism of water extract
of FM on the progression of liver cancer cells. FM was applied
to study its effects on HCC cell proliferation. Cell migration
and invasion were evaluated by wound healing and Transwell
assays. In addition, western blot was used to study the protein
levels associated with EMT and Wnt/B-catenin signaling. The
nuclear translocation of B-catenin was detected by immunoflu-
orescence assay. A non-toxic dose of FM significantly inhibited
invasion and metastasis of liver cancer cells. Furthermore,
FM promoted expression of EMT marker E-cadherin, while
decreasing expression of vimentin and N-cadherin. Finally,
the protein and the nuclear staining levels of Disheveled 2 and
[-catenin were both suppressed by water extract of FM. The
water extract of FM inhibited the migration and invasion of
liver cancer cells and inhibited EMT by suppressing activation
of the Wnt/B-catenin signaling pathway.

Introduction

Hepatocellular carcinoma (HCC) is one of the most lethal
malignancies; it has the sixth highest incidence rate and is the
third leading cause of cancer-associated death in the world
in 2021 (1). Despite the development of treatment strategies
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for HCC, the overall survival rate is low due to recurrence,
aggressive growth, metastasis and chemoresistance (2-4).

Accumulating evidence has shown that epithelial-mesen-
chymal transition (EMT) serves an important role in HCC
invasion and metastasis and EMT-related markers are associ-
ated with HCC metastasis (5). Among them, the Wnt/p-catenin
signaling pathway is highly conserved in evolution and serves
a vital role in tumor growth and metastasis (6,7). In brief, when
Wnt ligands combine with Frizzled receptors, Dishevelled
(DVL) is phosphorylated and recruits Axis inhibition protein 1
and glycogen Synthase Kinase 3 (GSK3f), thus inhibiting
the formation of the degradation complex. Finally, the acti-
vated B-catenin complex is transported to the nucleus and
promotes transcription of genes regulating cell proliferation
and metastasis (8). Since the activation of the Wnt/B-catenin
pathway induces HCC proliferation, migration and invasion,
therapeutic strategies targeting this signaling cascade hold
promise in HCC treatment.

Frankincense and myrrh (FM) are traditional Chinese
herbal medicines. Frankincense is resin exudated from the
bark of Boswellia of the Burseraceae family, while myrrh
is dried resin of species of the Commiphora family (9).
Both compounds have been used as anti-inflammatory and
anti-cancer drugs. Extensive pharmacological research has
investigated the mechanisms underlying the antitumor func-
tion of FM (10,11). B-elemene, one of the active components
of FM, has been reported to treat colon cancer by inducing
ferroptosis and inhibiting EMT (12). Gugulipid, a primary
extract of the Commiphora mukul tree, also induces apoptosis
by targeting the f-catenin signaling pathway (13).

In the present study, a water decoction extract of FM was
obtained. Considering the key role of Wnt/f3-catenin signaling
in tumor progression and the potent antitumor ability of
FM (14), the mechanisms underlying liver cancer progres-
sion and EMT were explored by targeting the key EMT axis
Wnt/B-catenin.

Materials and methods
Cell culture. Human HCC cell line HCC-LM3 and mouse

HCC cell line Hepal-6 were purchased from the Cell Bank of
Type Culture Collection of the Chinese Academy of Sciences
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Figure 1. FM inhibits hepatocellular carcinoma cell proliferation. (A) HCC-LM3 or (B) Hepal-6 cells were seeded in 96-well plates overnight. FM was added
to each well and the cytotoxic effect on tumor cells was determined by MTT assay. Untreated cells were used as the control group.’P>0.05, “P<0.05, "P<0.001

and “""P<0.0001 vs. control group. FM, frankincense and myrrh.

(Shanghai, China). All cells were cultured in complete
Dulbecco's Modified Eagle Medium (DMEM) containing
10% fetal bovine serum, 100 U/ml penicillin, and 100 zg/ml
streptomycin (all Thermo Fisher Scientific, Inc.) and were
maintained at 37°C in humidified air containing 5% CO,.

Reagents. FM was purchased from Jiangsu Province
Hospital of Traditional Chinese Medicine (Nanjing,
China). Anti-N-cadherin (cat. no. #13116), E-cadherin (cat.
no. #14472), Vimentin (cat. no. #46173), snail (cat. no. #3879),
slug (#9585), twistl (#90445), Zinc Finger E-Box Binding
Homeobox 1 (ZEBI1) (#83243), Dishevelled Segment
Polarity Protein 2 (DVL-2) (cat. no. #3442), and [3-catenin
(#8480) antibodies were purchased from Cell Signaling
Technology, Inc. Anti-GAPDH (MBO001) was purchased
from Bioworld Technology, Inc. All antibodies were diluted
at 1:1,000 in diluent (cat. no. PO023A; Beyotime Institute of
Biotechnology). The Wnt/B-catenin agonists, SKL2001 (Cat.
No.681667, Sigma, USA).

Water decoction extract of FM. The extract of FM was
prepared as previously described (15). Briefly, the dry herb of
frankincense (500 g) and myrrh (500 g) were extracted in a
1:1 ratio, boiled with 5 1 water twice and filtered through gauze.
The extracted solution was evaporated for about 2 h in a rotary
evaporator under vacuum at 55°C to obtain the frankincense
or myrrh powder.

UPLC-Q TOF/MS. The chromatogram column was Waters
ACQUITY UPLC X Bridge® BEH C18 Column (2.1x50 mm,
2.5 ym); Mobile phase: A was 0.1% formic acid-water, B was
B Nitrile, Volume flow: 0.3 ml/min; The column temperature
is 35°C; Gradient elution conditions: O~1 min: 5% B, 1~3 min:
5~50% B, 3~13 min: 50~85% B, 13~14 min: 85~95% B.

Mass spectrometry conditions: The scan range was
50-1500 m/z, the scan time was 0.2 sec, the collision voltage
was 35V, and the capillary voltage was 4500 V (negative ion)
and 5500 V (positive ion). The ionophore source temperatures
were 400°C (negative ions) and 550°C (positive ions), and the
de-cluster voltage was 60 V. The curtain gas flow rate was
25 1/min and the gas was nitrogen.

MTT assay. A total of ~5,000 HCC-LM3 or Hepal-6 were
cultured in 96-well plates and treated in 37°C for 12 or 24 h with
FM (0, 0.5, 1.0, 5.0, 20.0, 40.0 mg/ml). Following 12 or 24 h
incubation at 37°C, 20 ul MTT reagent was added to each
well and cells were incubated at 37°C for 3 h. Subsequently,
the supernatant was removed and 100 ul isopropanol was
added to each well, followed by shaking at room temperature
for 10 min. The absorbance at 570 nm was measured using a
spectrophotometer.

Western blotting. Cells of HCC-LM3 or Hepal-6 were lysed
on ice with RIPA peptide lysis buffer (Beyotime Institute
of Biotechnology). The concentration of each protein was
detected by BCA Protein Concentration Detection kit). 20 ug
of protein were loaded and subjected to 10% SDS-PGAE.
Following electrophoresis, proteins were transferred to
PVDF membranes (Roche Diagnostics). The membrane was
incubated with specific antibodies (E-cadherin, N-cadherin,
Vimentin, Snail, Slug, Twistl, ZEB1, DVL-2, B-catenin or
GAPDH) at 4°C for 12 h following blocking with 5% non-fat
milk at room temperature for 1 h. After incubating with
the appropriate HRP-conjugated secondary antibodies at
room temperature for 2 h, the signal was determined using
chemiluminescent detection substrate (cat. no. WBKLS0050,
MilliporeSigma) and visualized by a Tanon 5200 imaging
system (Tanon Science and Technology Co., Ltd.). Protein
concentrations relative to GAPDH were calculated by Image
J software (Version 1.8.0.112, National Institutes of Health).

Wound healing assay. HCC cells were seeded in 6-well
plates. When the cells reached 90-100% confluence in
culture plate wells, 200-ul1 tips were used to create wounds
in a single confluent cell layer. Then, cells were washed
three times with PBS to remove crossed cells and serum-free
medium was added. After 12 or 24 or 48 h, the width of the
wound was photographed using a phase contrast microscope
(magnification, x4). Data were quantified by Image J software
(Version 1.8.0.112, National Institutes of Health).

Transwell invasion assay. Transwell chambers (pore size,
8 um; Corning, Inc.) were used to evaluate cell invasion.
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Figure 2. Wound healing and Transwell invasion assays after FM treatment. (A) Wound healing ability of HCC-LM3 was inhibited by FM. Human HCC-LM3
cells were treated with 0.5 mg/ml FM. Wound area was photographed via phase contrast microscopy. (B) Scratch area was quantified by Image J software.
(C) Wound healing ability of Hepal-6 was inhibited by FM. Murine Hepal-6 cells were treated with 0.5 mg/ml FM. Wound area was photographed via phase
contrast microscopy. Scale bar, 100 ym. (D) Scratch area was quantified by Image J software. (E) Invasion assay of HCC cells treated with FM. HCC-LM3 cells
were pretreated with 0.5 mg/ml FM for 24 h and the migrated cells were fixed and stained. Scale bar, 100 zm. (F) The quantification results are shown. (G) Invasion
assay of HCC cells treated with FM. Hepal-6 cells were pretreated with 0.5 mg/ml FM for 24 h and the migrated cells were fixed and stained. Scale bar, 100 ym.
(H) Quantification results are shown. “P>0.05, "P<0.05, “"P<0.001 and “*"P<0.0001 vs. with control group. FM, frankincense and myrrh; con, control.

Matrigel was precoated in the upper chamber at 37°C for
3 h. Then, about 10,000 cells were seeded in the diluted
Matrigel-coated (BD Biosciences) upper chamber with
200 ul serum-free DMEM, while the lower chamber
contained 10% DMEM with 10% fetal calf serum as the
chemoattractant. Following incubation at 37°C for 24 h, cells

in the upper chamber were removed and migrated cells in
the lower chamber were fixed with 4% paraformaldehyde for
20-30 min at room temperature, followed by staining with
0.1% crystal violet for 5-10 min at room temperature. Cells
were photographed using a phase contrast microscope with
10x ordinary light
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Figure 3. FM inhibits EMT by downregulating Snail, Slug, Twist and ZEBI. (A) Expression of EMT markers. HCC-LM3 cells were treated in the presence
or absence of 0.5 mg/ml FM for 24 h. EMT markers were measured by western blot assay. (B) Expression of EMT markers. Hepal-6 cells were treated in
the presence or absence of 0.5 mg/ml FM for 24 h. Then, EMT markers were measured by western blot assay. (C) Expression of EMT transcription factors
in HCC-LM3 cells. Protein concentrations relative to GAPDH were calculated by Image J. (D) Expression of EMT transcription factors in Hepal-6 cells.
Protein concentrations relative to GAPDH were calculated by Image J. “P<0.05, “P<0.01, ““P<0.001 and “*"P<0.0001. FM, frankincense and myrrh; EMT,
epithelial-mesenchymal transition; ZEB1, Zinc Finger E-Box Binding Homeobox 1; Con, control.

Immunofluorescence. 100,000 cHCC-LM3 or Hepal-6 were
seeded on coverslips and fixed with 4% paraformaldehyde at
room temperature for 15 min. Following washing with PBS,
cells were incubated with 1% BSA and 22.52 mg/ml glycine in
PBST (PBS + 0.1% Tween 20) for 30 min at room temperature
to block nonspecific binding of antibodies. Then, cells were
incubated with DVL-2 (ab228804) or B-catenin (ab32572)
at 4°C overnight. After that, the cells were incubated with
Alexa Fluor-conjugated secondary antibodies (ab150113), and
the nuclei were counterstained with DAPI (Sigma-Aldrich;
Merck KGaA) for 5 min at room temperature and images were
visualized (magnification, x200) using a confocal microscope
(FV10i; Olympus Corporation).

Statistical analysis. All experiments are repeated three times
and all data are presented as the mean + SD. Differences
between groups were estimated using paired Student's
t test or one-way ANOVA followed by Tukey's post hoc test.
Graphs were generated with GraphPad software (Version 5.0;
Dotmatics). P<0.05 was considered to indicate a statistically
significant difference.

Results

Cytotoxic effect of FM on HCC cells. It was found by UPLC
that the active components of FM were boswellic acid and
terpene. The non-toxic concentration of FM on HCC cells was
determined. The inhibitory effects of FM against HCC-LM3 or
Hepal-6 cells were evaluated. FM inhibited the proliferation of
human and murine cancer cells in a dose- and time-dependent

manner (Fig. 1A and B). Moreover, FM showed significant
cytotoxicity on tumor cells at a concentration <5 mg/ml, while
no inhibition was observed at FM concentrations <1 mg/ml.
Therefore, 0.5 mg/ml FM was used in subsequent experiments.

FM suppresses migration and invasion of tumor cells. The
human HCC-LM3 cell line and murine Hepal-6 cells were
treated with 0.5 mg/ml FM to investigate the effect of FM on
the migration and invasion of cancer cells. As shown in the
wound healing assay, cell migration was significantly inhib-
ited in the FM-treated group compared with the control group
(Fig. 2A-D). Matrigel-coated Transwell assay was performed
to detect the inhibitory effect of FM on the invasion of tumor
cells. Cells were pretreated with 0.5 mg/ml FM and the assay
was performed for 24 h. The results showed a significant
decrease in invasion ability with FM treatment in both human
and murine cancer cell lines (Fig. 2E-H). These results indi-
cated that FM inhibited both the migration and invasion of
cancer cells.

FM inhibits EMT in liver cancer cells. The present study
also investigated the mechanism underlying FM suppres-
sion of liver cancer migration and invasion. EMT markers
of tumor cells were detected using western blot assay. High
levels of the epithelial marker E-cadherin and low expression
of the mesenchymal marker vimentin were observed in the
FM-treated group compared with the control (Fig. 3A and B).
Moreover, EMT could be regulated by several transcription
factors (TFs), such as Snail, Slug, Twist, and ZEB1 (16).
The expression of Snail, Slug, Twist, and ZEBI significantly
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Figure 4. Effect of FM on the Wnt/B-catenin signaling pathway in liver cancer cells. (A) Expression of proteins associated with the Wnt/p-catenin signaling
pathway. HCC-LM3 cells were treated with 0.5 mg/ml FM for 24 h. Then, cells were lysed for western blotting. Protein concentrations relative to GAPDH were
calculated by Image J. (B) Expression of proteins associated with the Wnt/B-catenin signaling pathway. Hepal-6 cells were treated with 0.5 mg/ml FM for 24 h.
Then, cells were lysed for western blotting. Protein concentrations relative to GAPDH were calculated by Image J. (C) DVL-2 immunostaining of HCC cells.
The change in extracellular DVL-2 expression following FM treatment was revealed by immunofluorescence. Scale bar, 20 ym. (D) Quantification of DVL-2
immunostaining in human and murine cancer cells. (E) -catenin immunostaining of HCC cells. The change in intracellular $-catenin expression following
FM treatment was revealed by immunofluorescence. Scale bar, 20 ym. (F) Quantification of 3-catenin immunostaining in human and murine cancer cells.
“P<0.05, “P<0.01, ""P<0.001 vs. control group. FM, frankincense and myrrh; con, control; DVL-2, Dishevelled Segment Polarity Protein 2.
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decreased in the FM-treated group compared with the control ~EMT by downregulating TFs such as Snail, Slug, Twist and
(Fig. 3C and D). These results indicated that FM suppressed ~ ZEBI.
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FM inhibits EMT by disrupting Wnt/f3-catenin signaling in
HCC cells. To determine the effect of FM on Wnt/B-catenin
signaling, human or murine HCC cells were treated with. FM
treatment reduced the protein levels of DVL-2 and 3-catenin
(Fig. 4A and B). In addition, immunofluorescence assay was
performed to analyze the nuclear translocation of DVL-2 and
[-catenin. In the control group, DVL-2 protein was found in
the nuclei of nearly 80% of human and murine HCC cells.
However, only 50-60% of FM-treated cells showed extracel-
lular localization with DVL-2 (Fig. 4C and D). Cells treated
with FM revealed a significant decrease in the nuclear staining
of B-catenin (Fig. 4E and F). These results suggested FM
inhibited Wnt/p-catenin signaling in the HCC tumor cell lines.

FM regulates EMT in liver cancer cell lines through
Wnt signaling. In order to demonstrate that FM regulated
EMT in liver cancer cell lines through Wnt signaling, the
Whnt/beta-catenin agonists (SKL2001) in combination with
FM were used in hepal-6 cells. The results showed that FM
could significantly inhibit activation of B-catenin induced by
SKL2001 (Fig. S1).

Discussion

FM is widely used in cancer treatment (17,18). Here, FM
inhibited invasion and migration in HCC cells. Moreover,
FM-suppressed cancer cell invasion and migration ability was
mediated by EMT. FM was shown to inhibit the Wnt/f3-catenin
signaling pathway of EMT in HCC. The present findings show
a novel antitumor mechanism of this herbal extract, suggesting
FM as a potential strategy for clinical treatment of HCC.

The EMT pathway includes numerous signaling path-
ways, such as TGF-f3, Notch and Wnt (19). Among them,
the Wnt signaling pathway not only plays a role in embry-
onic development, but is associated with occurrence and
development of many human tumors, such as HCC (6).
Acetyl-11-keto-fB-boswellic acid (an active component of FM)
can effectively inhibit the Wnt/p-catenin signaling pathway in
mouse intestinal tumors, thereby inhibiting the proliferation
and metastasis of mouse intestinal cancer cells (20). To the
best of our knowledge, however, in HCC, there are few reports
about FM and Wnt signaling (13,21).

Preliminary in vitro and in vivo studies have revealed that the
water extract of FM inhibits cancer progression: Ren er al (22)
reported that frankincense suppresses tumor progression by
regulating the AMPK/mTOR pathway. Sun et al (23) found
that myrrh inhibits the proliferation and migration of cancer
cells by regulating cyclooxygenase-2 expression. Moreover,
the Xihuang pill, primarily composed of FM, has been applied
in cancer therapy for >300 years (18).

FM at 0.5 mg/ml did not significantly inhibit proliferation;
therefore, this non-toxic concentration was used to investigate
whether FM inhibited the occurrence of EMT in liver cancer
by inhibiting Wnt/B-catenin signaling. In the MTT experi-
ment, at 0.5 mg/ml FM, the cell proliferation was >100% and
morphology was similar to the control group. It was hypoth-
esized that at low concentrations, FM promoted cell viability,
which is worth further study.

Furthermore, wound healing and Transwell assay demon-
strated that FM significantly decreased the migration and

invasion abilities of HCC cells. However, the mechanism
underlying FM suppression of the invasion and migration of
HCC via Wnt/B-catenin signaling remains unclear.

EMT is primarily mediated by core EMT TFs, including
Snail, ZEB and Twist family (24). EMT is activated in tumor
cells. EMT TFs and downstream regulated genes influence
multiple stages of cancer progression, including cancer devel-
opment and metastasis (25). As a member of the Snail family,
Snaill overexpression is usually negatively associated with
E-cadherin expression and positively associated with tumor
cell migration, invasion and metastasis, which also predicts a
poor prognosis (26).

Similar to Snaill, Slug is also a major inducer of EMT
and an important mediator of Twist-induced EMT and tumor
metastasis (27). As a member of the Twist family, Twistl is a
key factor inducing vimentin expression, which is also associ-
ated with poor prognosis and high metastasis rate (28). The
Zeb family consists of Zebl and Zeb2, which have similar
functions and increase proliferation and malignancy by inhib-
iting E-cadherin (29). The present study demonstrated that FM
decreased expression of mesenchymal markers (N-cadherin
and Vimentin) and EMT-activating TFs (Snail, Slug, Twistl
and ZEBI1) while increasing the expression of the epithelial
marker E-cadherin.

Furthermore, the Wnt/B-catenin signaling is reported
to promote migration and invasion of cancer cells by medi-
ating EMT (30). When Wnt is activated, it binds to Frizzled
(FZD) receptor, resulting in the phosphorylation of lipo-
protein receptor-related protein 5/6 (LRP5/6) to form the
Wnt-FZD-LRP5/6 complex, which activates downstream
DVL (31). The activated DVL, especially DVL-2, protects
against degradation of -catenin in Wnt signaling and the
interaction of DVL and B-catenin promotes transcription of
proteins associated with Wnt signaling (32,33). The present
results showed that FM could suppress DVL-2 nuclear
translocation, resulting in lower protein levels and suggesting
that DVL-2 instability serves an essential role in regulating
the Wnt/B-catenin signaling pathway. Therefore, FM may
inhibit activation of DVL-2 by inhibiting binding of Wnt to
the membrane surface receptor protein FZD. This hypothesis
deserves further investigation.

The present study confirmed that FM can block EMT
by inhibiting the Wnt/B-catenin signaling pathway, thereby
suppressing the occurrence and development of HCC. These
findings support use of FM in the treatment of malignant
tumors and may provide a novel and practical strategy for
clinical HCC therapy.
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