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Abstract. Marubium vulgare (horehound) and Prunus serotina
(wild cherry) have been traditionally used for the treatment
of inflammatory-related symptoms such as cold, fever, and
sore throat. In this report, we show that extracts of anti-
inflammatory horehound leaves and wild cherry bark exhibit
anti-proliferative activity in human colorectal cancer cells.
Both horehound and wild cherry extracts cause suppression
of cell growth as well as induction of apoptosis. We found
that horehound extract up-regulates pro-apoptotic non-steroidal
anti-inflammatory drug-activated gene (NAG-1) through trans-
activation of the NAG-I promoter. In contrast, wild cherry
extract decreased cyclin D1 expression and increased NAG-1
expression in HCT-116 and SW480 cell lines. Treatment with
wild cherry extract resulted in the suppression of B-catenin/
T cell factor transcription, as assessed by TOP/FOP reporter
constructs, suggesting that suppressed B-catenin signaling
by wild cherry extract leads to the reduction of cyclin D1
expression. Our data suggest the mechanisms by which these
extracts suppress cell growth and induce apoptosis involve
enhanced NAG-1 expression and/or down-regulation of B-
catenin signaling, followed by reduced cyclin D1 expression
in human colorectal cancer cells. These findings may provide
mechanisms for traditional anti-inflammatory products as
cancer chemopreventive agents.

Introduction
Arid regions in the southwest United States are rich in highly

specialized plants containing compounds with a high potential
medical interest. Thus, the plants from this area have a long
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tradition of use by locals for various medicinal purposes such
as analgesics, stimulants, sedatives, antibiotics, and aphro-
disiacs. A number of medicinal plants have shown anti-
inflammatory activities and their extracts are used for a wide
range of ailments. Recently, the total antioxidant capacity of
wild medicinal plants widely used in New Mexico has been
investigated (1). In particular, the aqueous extracts from wild
plants such as the leaves of Marubium vulgare elicit a high
degree of antioxidant avtivity. Some of the beneficial effects
of these plant extracts may be attributed to antioxidant
activity. Marubium vulgare (horehound) and Prunus serotina
(wild cherry) have been traditionally used for the treatment
of inflammatory-related symptoms such as cold, fever, and
sore throat. M. vulgare is also used for respiratory problems
such as asthma and cough. Indeed, several siterpenoids
including marrubiin and marrubenol were isolated from M.
vulgare and may be responsible for its activity against
respiratory problems. Several phenylpropanoid derivatives
were also isolated as potential anti-inflammatory compounds.
In addition, several flavonoids and antocyanidines have been
found in P. serotina (2). Exploring commonly used natural
products that can be collected or purchased locally will increase
the chances of finding new therapeutic agents, because in most
cases their traditional uses have already been well documented.
However, the molecular mechanisms responsible for potential
human health benefits derived from many plant extracts have
not been elucidated and must be studied in vitro, followed by
validation in pre-clinical studies.

Non-steroidal anti-inflammatory drug (NSAID)-activated
gene (NAG-1), a member of the TGF-8 gene superfamily,
was identified from cyclooxygenase-deficient, indomethacin-
induced human colorectal cancer HCT-116 cells and has
been found to stimulate apoptosis (3). NAG-1 expression is
increased independently of prostaglandin formation in human
colorectal cancer cells by NSAIDs (4). It has been reported
that treatment with purified NAG-1 induces apoptosis in
prostate cancer cells (5). In addition, inhibition of phos-
phatidylinositol 3-kinase activity, which causes the induction
of apoptosis and growth suppression, up-regulates NAG-1
in HCT-116 cells (6). These data support the hypothesis
that NAG-1 is linked to apoptosis and that its reduction may
promote tumorigenesis. NAG-1 expression is also up-regulated
by several anti-tumorigenic polyphenol products such as
resveratrol, genistein, catechins, and indol-3-compounds as
well as known anti-inflammatory compounds (7-10). Thus,
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NAG-1 suppression plays a pivotal role in colorectal tumori-
genesis and its expression may be involved in the chemo-
preventive effects of several anti-tumorigenic compounds.
Another important pathway in colon carcinogenesis involves
B-catenin signaling. Dysregulation of the Wnt pathway
including altered B-catenin status is attributed to the early
stages of colorectal tumorigenesis in almost all cases of this
disease. Loss of APC gene function or mutations in the B-
catenin gene lead to aberrant nuclear migration of B-catenin
and subsequent overexpression of a number of genes directly
related to oncogenesis, such as c-Myc and cyclin D1 (11-13).
Since activation of the Wnt/B-catenin pathway is thought to
play a central role in colorectal carcinogenesis, attenuation of
this signaling pathway presents a promising approach for the
prevention of colon tumorigenesis. Recent studies demonstrated
that B-catenin/T cell factor (TCF) signaling in several colo-
rectal cancer cell lines are down-regulated by NSAIDs and
phytochemicals such as aspirin, indomethacin, tea catechins
and quercetin (14-16).

In this report, we explored the effects of M. vulgare leaves
and P. serotina bark extracts on anti-tumorigenicity of human
colorectal cancer cells. Here, we report that these extracts
exhibit anti-proliferative effects in human colorectal cancer
cells, and the mechanisms are involved in up-regulated NAG-1
expression and suppression of B-catenin signaling followed
by the reduction of cyclin D1 expression.

Materials and methods

Cell lines and reagents. Cell lines were purchased from
American Type Culture Collection (Manassas, VA). Human
colorectal adenocarcinoma, HCT-116 cells were maintained
in McCoy's 5SA medium supplemented with 10% fetal bovine
serum (FBS) and gentamycin (10 pg/ml). Human colorectal
adenocarcinoma, SW480 cells, were grown in RPMI-1640
medium supplemented with 10% FBS and gentamycin. Anti-
pS53 and actin antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). Anti-cyclin D1 antibody was
obtained from Cell Signaling Technology (Beverly, MA).
Anti-human-NAG-1 antibody was described previously (3).

Plant materials and extraction procedures. Leaves of M.
vulgare (horehound) and bark of P. serotina (wild cherry)
were used. Plant materials (20 g) were ground and extracted
with 200 ml methanol for 48 h in a 250 ml separatory funnel.
Extracts were concentrated under vacuum using a rotary
evaporator at 40°C. Extracts were transferred to 20 ml glass
vials either by scrapping or dissolving into methanol, followed
by sonication and drying under nitrogen.

Western blot analysis. Cells were washed with phosphate-
buffered saline (PBS), lysed with RIPA buffer (1x PBS, 1%
Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS)
supplemented with protease inhibitors (1 xg/ml aprotinin,
1 pg/ml leupeptin and 1 mM phenylmethylsulfonyl fluoride)
and phosphatase inhibitors (1 mM Na;VO, and 1 mM NaF).
The soluble protein concentrations were determined with a
BCA protein assay kit (Pierce Biotechnology, Rockford,
IL). Total protein (30 pg) was separated by SDS-poly-
acrylamide gel electrophoresis and transferred for 1 h onto
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nitrocellulose membrane (Osmonics, Minnetonka, MN). The
blots were blocked for 1 h with 5% skim milk in Tris-
buffered saline/0.05% Tween-20 and probed with primary
antibody at 4°C overnight. After washing, the blots were
treated with horseradish peroxidase-conjugated secondary
antibody for 1 h and washed several times. The signal was
detected by enhanced chemiluminescence system (Amersham
Biosciences, Piscataway, NJ) and quantified with Scion
Image Software (Scion Corp., Frederick, MD).

p-catenin-TCF/LEF reporter gene (TOPFLASH) assay.
TOPFLASH contains six copies of the TCF/lymphoid
enhancer factor (TCF/LEF)-binding site upstream of a TK
promoter. FOPFLASH contains a mutated TCF/LEF-binding
site. Those constructs were kindly provided by Dr H.C.
Crawford, State University of New York at Stony Brook.
SW480 cells were plated in 12-well plates with 10° cells/
well and grown for 16 h. Plasmid mixtures containing 0.5 g
of TOPFLASH or FOPFLASH were transfected with 0.05 g
of pRL-null (Promega, Madison, WI) by Lipofectamine
(Invitrogen, Carlsbad, CA) according to the manufacturer's
protocol. After transfection, the medium was replaced with
serum-free medium and the cells were treated with plant
extracts for 24 h. Cells were harvested in luciferase lysis
buffer, and luciferase activity was determined and
normalized to the pRL-null luciferase activity using a dual
luciferase assay kit (Promega, Madison, WI). Data were
expressed as the ratio of TOPFLASH to FOPFLASH.

NAG-1 promoter and luciferase assay. The NAG-1 promoter
clone linked to luciferase (pPNAG-966/+41) has been previously
reported (8). HCT-116 cells were plated in 12-well plates with
10° cells/well. Plasmid mixtures containing 0.5 g of reporter
vector and 0.05 pg of pRL-null were transfected with Lipo-
fectamine. After transfection, indicated plant extracts were
treated for 24 h. Luciferase activity was determined and
normalized to the pRL-null luciferase activity using a dual
luciferase assay kit.

Flow cytometric analysis. Cells were labeled with FITC-labeled
Annexin V and propidium iodide (PI) using an Annexin V-
FITC apoptosis detection kit (BD Biosciences PharMingen,
San Diego, CA), according to the manufacturer's instructions.
Briefly, HCT-116 cells were plated with 3x10° cells/well in
6-well plates and grown until they reached 60% confluence.
The cells were treated with indicated plant extracts (100 and
250 pg/ml) in the presence of serum for 24 h. The cells were
collected, washed with PBS, and stained with Annexin V-
FITC and PI. A total of 10,000 cells were examined by flow
cytometry using a Beckman Coulter Epics XL equipped with
ADC and ModFit LT software. Cells were gated on side
scatter and forward scatter to exclude debris. Doublets were
eliminated using peak versus integral analysis. Cells that
stained Annexin V-FITC positive were determined as apoptotic
cells from the total gated cells. Cells that stained PI positive/
Annexin V-FITC negative were determined as necrotic cells.

Cell staining. HCT-116 cells were grown on the poly-L-
lysine-coated coverslips and treated with plant extracts for
24 h. The cells were washed with PBS and fixed with
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Figure 1. Morphologic changes of HCT-116 cells treated with plant extracts. HCT-116 cells were treated with vehicle, horehound (10 and 100 yg/ml) or wild
cherry extracts (10 and 100 g g/ml) in the absence of serum. After 24 h, the cells were stained with Giemsa solution and observed by light microscopy at x100

magnification.

methanol for 3 min. Morphological analysis was performed
by staining with Giemsa solution (Acros Organics, Morris
Plains, NJ). Cellular morphology was examined by light micro-
scopy (x100).

Cell proliferation assay. The cell proliferation assay was
performed using a CellTiter 96 AQueous One Solution Cell
Proliferation Assay (Promega). The assay was carried out
according to the manufacturer's protocol. Briefly, cells were
plated with 1,000 cells/well and 100 pl of media in 96-well
plates. After 16 h, the cells were treated with the indicated
compounds (100 and 250 pg/ml) in the presence of serum
and incubated for 48 h. Methanethiosulfonate/phenazine
methosulfate solution (20 ul/well) was added and the cells
were incubated for 1 h at 37°C. Absorbance was read at 490 nm
using a microplate reader (Universal Microplate Reader, ELX
800, Bio-Tek Instruments, Winooski, VT).

Results

Horehound leaves and wild cherry bark extracts cause
apoptosis and cell growth suppression in human colorectal
cancer cells. The cellular morphology was initially examined
after treatment of HCT-116 cells with different concentration
of either horehound leaves or wild cherry bark extract. After
Wrights-Giemsa staining, the horehound treatment did not
show any change in morphology, compared to vehicle-
treated HCT-116 cells. Typical cellular morphologic changes,
including cell membrane blebs, and the cytoplasm and nuclear
chromatin condensation, were observed in 10 xg/ml of wild
cherry-treated cells, whereas most of the cells showed necrotic
features at the concentration of 100 yg/ml treatment (Fig. 1),

indicating that wild cherry extracts exhibit cytotoxic effects
in HCT-116 cells. We also investigated the effects of hore-
hound and wild cherry extracts on cell growth of HCT-116
cells. The cells were treated with vehicle, horehound (100
and 250 pg/ml) or wild cherry extracts (100 and 250 pg/ml)
in the presence of serum for 48 h, and then cell growth was
measured. Both extracts significantly suppressed cell growth
of HCT-116 at concentration of 250 ug/ml (Fig. 2A). Sub-
sequently, flow cytometric analysis was performed to determine
whether these extracts exhibit apoptotic effect in HCT-116
cells. As shown in Fig. 2B, both of these extracts induced
apoptosis, although a significant number of necrotic cells
were observed in the wild cherry extract-treated cells.

Effects of horehound leaves and wild cherry bark extracts on
pro-apoptotic and cell cycle-regulatory gene expressions. To
determine the molecular mechanism by which these extracts
cause apoptosis and/or cell growth suppression, expression of
apoptosis- and/or cell cycle regulation-related genes were
assessed by Western blot analysis. HCT-116 cells were treated
with vehicle, horehound (10 and 100 ug/ml) or wild cherry
extracts (10 and 100 pxg/ml) for 24 h. As shown in Fig. 3, the
expression of pro-apoptotic protein NAG-1 was increased by
both extracts at the concentration of 100 xg/ml. We have also
examined other plant extracts, Anemopsis californica and
Rumex hymenosepalus, from New Mexico; however, these
extracts do not induce NAG-1 expression at the concentration
of 100 pg/ml (data not shown). In addition to the positive
effect on NAG-1 expression, treatment with wild cherry
extract dramatically decreased cyclin D1 expression at the
concentration of 100 pg/ml. Similarly, treatment with wild
cherry extract at the concentration of 100 pg/ml reduced
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Figure 2. Horehound leaves and wild cherry bark extracts suppress HCT-116 cell growth and induce apoptosis in human colorectal cancer cells. (A) HCT-116
cells were plated at 1,000 cells/well in 96-well plates and treated with vehicle, horehound (100 and 250 g g/ml) or wild cherry extracts (100 and 250 pg/ml) in
the presence of serum. After 48 h, cell growth was measured using the CellTiter 96 AQueous One Solution Cell Proliferation Assay. Values are expressed as
mean = SD of 6 replicates. Statistical significance is according to Student's t-test. “P<0.05, “**P<0.001 versus vehicle-treated cells. (B) HCT-116 cells were plated
at 3x10° cells/well in 6-well plates and treated with vehicle, horehound (100 and 250 yg/ml) or wild cherry extracts (100 and 250 pg/ml) in the presence of serum.
After 24 h, the cells were stained with Annexin V and PI and analyzed by flow cytometry as described in Materials and methods. Values are expressed as mean

of 2 replicates.
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Figure 3. Effects of horehound leaves and wild cherry bark extracts treatment
on NAG-1, p53 and cyclin D1 expressions in HCT-116 cells. HCT-116 cells
were treated with vehicle, horehound (10 and 100 pg/ml) or wild cherry
extracts (10 and 100 pg/ml) in the absence of serum for 24 h. The cell
lysates were harvested to perform Western blot analysis. Equal loading
was confirmed by determining actin immunoreactivity.

expression of p53, a tumor suppressor protein. Treatment
with horehound had no effect on p53 expression (Fig. 3).
These data suggest that horehound and cherry extracts may
affect different mechanisms to induce cell growth arrest in
HCT-116 cells.

Wild cherry bark extract transactivates NAG-1 promoter. To
investigate the underlying mechanism by which horehound
and wild cherry extracts induce NAG-1 expression, the trans-
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Figure 4. NAG-1 promoter activity on horehound leaves and wild cherry
bark extracts treatment. pPNAG-966/+41 (0.5 ug) was transiently transfected
with 0.05 pg of pRL-null vector into HCT-116 cells. Subsequently, the cells
were treated with vehicle, horehound (10 and 100 pg/ml) or wild cherry
extracts (10 and 100 pg/ml) in the absence of serum for 24 h. The promoter
activities were measured by luciferase activity. Transfection efficiency for
luciferase activity was normalized to the Renilla luciferase (pRL-null vector)
activity. The y axis shows fold increase of relative luciferase unit (RLU)
compared to RLU of vehicle-treated cells. The date represents mean + SD
from three independent experiments. Statistical significance is according to
Student's t-test. "P<0.05, ““P<0.001 versus vehicle-treated cells.
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Figure 5. Wild cherry bark extract suppresses 3-catenin signaling in SW480 cells. (A) SW480 cells were treated with vehicle, horehound (10 and 100 pg/ml)
or wild cherry extract (10 and 100 pg/ml) in the absence of serum for 24 h. The cell lysates were harvested to perform Western blot analysis. (B) TOPFLASH
or FOPFLASH B-catenin reporter construct (0.5 pg) was transiently transfected with 0.05 g of pRL-null vector into HCT-116 cells, and then the cells were
treated with vehicle, horehound (10 and 100 g g/ml) or wild cherry extract (10 and 100 pg/ml) in the absence of serum for 24 h. Transfection efficiency for
luciferase activity was normalized to the Renilla luciferase activity. Data were expressed as the ratio of TOPFLASH to FOPFLASH. Each value represents
mean + SD from three independent transfections. The value obtained from vehicle-treated cells was defined as 100%. Statistical significance is according to

Student's t-test. ““P<0.01 versus vehicle-treated cells.

criptional activity of NAG-1 was assessed by luciferase activity.
A NAG-1 promoter construct containing -966/+41 (pNAG-
966/+41) was transfected into HCT-116 cells, and luciferase
activity was measured. Consistent with Western blot analysis,
wild cherry extract significantly transactivated the NAG-I
promoter at the concentration of 100 yg/ml. The marginal
change in NAG-I promoter activity was seen in horehound
extract-treated cells only with lower concentration of horehound
extract (10 yg/ml) (Fig. 4). These results suggest that wild
cherry extract induces NAG-1 expression at the transcriptional
level, whereas horehound extract did not affect the pNAG-
966/+41 promoter to enhance NAG-1 expression.

Wild cherry bark extract suppresses [3-catenin signaling. It
has been established that association of B-catenin with the
TCF/LEF family of transcription factors promotes expression
of several genes such as cyclin D1, which plays an important
role in the development and progression of colorectal tumori-
genesis (13). Since wild cherry extract significantly decreased
cyclin D1 expression, we investigated whether wild cherry
extract modulates B-catenin signaling. The B-catenin-dependent
TCEF transcriptional activity was measured in human colorectal
adenocarcinoma SW480 cells, which has a constitutively
activated B-catenin/TCF pathway (17). First, we confirmed
that cyclin D1 expression is reduced by the treatment with
wild cherry extract in SW480 cells (Fig. SA). Treatment with
100 pg/ml of wild cherry extract significantly suppressed
B-catenin/TCF transcriptional activity in SW480 cells,
compared to vehicle treatment; however horehound extract
did not affect B-catenin signaling (Fig. 5B). This observation
is consistent with Western blot analysis of cyclin D1 (Fig. 3)
and further supports evidence for suppression of B-catenin
signaling by wild cherry extract treatment resulting in reduced
cyclin D1 expression.

Discussion

M. vulgare (horehound) and P. serotina (wild cherry) have
been traditionally used for the treatment of inflammatory-
related symptoms such as colds, fevers, and sore throats. In
this report, we have shown that anti-inflammatory horehound
leaves and wild cherry bark exhibit anti-proliferating activity
in human colorectal cancer cells.

Anti-inflammatory drugs such as NSAIDs have also been
shown to possess cancer chemopreventive properties. Similarly,
many phytochemicals have potent anti-inflammatory as well
as cancer chemopreventive properties. NAG-1, identified from
an indomethacin-induced gene library, has anti-tumorigenic
activity and stimulates apoptosis in colon cancer and other
cell lines (3,5,18). These studies indicate that NAG-1 is a
highly promising target gene for cancer chemoprevention.
Thus, we investigated the effects of anti-inflammatory hore-
hound leaves and wild cherry bark on cancer progression.
Interestingly, both of these extracts increased NAG-1
expression (Fig. 3) as well as induced apoptosis in HCT-116
cells (Fig. 2B). We also found that treatment with these
extracts suppressed cell growth (Fig. 2A). To determine the
molecular mechanisms of NAG-1 induction, NAG-1 promoter
activity was analyzed. Wild cherry extract clearly trans-
activated NAG-1 promoter, resulting in increased protein
expression (Fig. 4). Although horehound extract increased
NAG-1 protein expression, it did not affect the promoter
activity within -966 bp region. Our previous data suggest that
NAG-1 induction is affected by several mechanisms including
post-transcriptional regulation (19). Thus, horehound extracts
may induce NAG-1 expression by either a different region of
NAG-1 promoter or through post-transcriptional regulation.

Cyclin D1 protein is known to be overexpressed in colo-
rectal adenocarcinoma (20). Amplification or overexpression
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of cyclin D1 plays a crucial role in the development of a subset
of colon cancer through, in part, its cell cycle regulating
function (21). Indeed, treatment of HCT-116 and SW480
cells with wild cherry extract dramatically decreases cyclin D1
expression, suggesting that reduction of cyclin D1 expression
may be in part responsible for wild cherry extract-induced
cell growth arrest. A number of oncogenic signals induce
cyclin D1 expression through distinct DNA sequences in the
promoter, including Ras (22), Src (23), ErbB2 (24), 3-catenin
(25), STATS (26), and simian virus 40 small tumor antigen
(27). Colorectal carcinogenesis is closely linked to Wnt/B-
catenin signaling pathway. Moreover, recent studies showed
that anti-inflammatory drugs and anti-inflammatory phyto-
chemicals such as NSAIDs and catechins can down-regulate
B-catenin/TCF signaling in colorectal cancer cells (14-17,28).
Therefore, whether wild cherry extract modulates B-catenin/
TCF-mediated transcription was determined with TOP/FOP
constructs. As expected, wild cherry extract significantly
suppressed B-catenin/TCF signaling. These data suggest that
suppression of 3-catenin by wild cherry extract may result in
cyclin D1 reduction.

NAG-1 promoter has been reported to contain two p53
binding sites. Interestingly, some dietary compounds such as
resveratrol (8) and genistein (10) induce NAG-1 through a
p53-dependent pathway. Thus, p53 expression was analyzed
after treatment with these extracts. None of the extracts
increased p53 expression, suggesting that p53 is not required
for induction of NAG-1 expression. Tumor suppressor gene
P53 mutations are frequently observed in human colon tumors
(29-31), resulting in a loss in its tumor suppressor function
and thereby diminishing the ability of such agents to prevent
cancer from developing through p53-dependent mechanisms.
Therefore, it can be beneficial to explore natural compounds
that act through a p53-independent mechanism. On the other
hand, p53 expression was reduced by treatment with wild
cherry extract at the concentration of 100 pxg/ml. At the
same time, suppression of B-catenin signaling was observed
in wild cherry extract (100 pg/ml)-treated cells. Reduction of
pS3 expression in wild cherry extract-treated cells may be
explained in part by suppressed B-catenin signaling, because
it has been reported that overexpression of B-catenin results
in accumulation of p53 (32).

In summary, our data show that anti-inflammatory M.
vulgare (horehound) leaves and P. serotina (wild cherry) bark
extracts have anti-proliferative activity in human colorectal
cancer cells and the mechanisms may involve enhanced NAG-1
expression and/or down-regulation of B-catenin signaling. It has
been known that horehound leaves contain several siterpenoids,
including marrubiin and marrubenol, and wild cherry bark
contains flavonoids and antocyanidines; these compounds
may be responsible for the chemopreventive effects of the
extracts, but further detailed investigation is necessary. Our
findings provide insight into a new implication for traditional
anti-inflammatory natural plants found in southwest United
States as potential novel cancer chemopreventive agents.
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