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An in vivo molecular response analysis of colorectal
cancer treated with Astragalus membranaceus extract
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Abstract. The fact that many chemotherapeutic drugs
cause chemoresistance and side effects during the course of
colorectal cancer treatment necessitates development of novel
cytotoxic agents aiming to attenuate new molecular targets.
Here, we show that Astragalus membranaceus (Fischer) Bge.
var. mongolicus (Bge.) Hsiao (AM), a traditional Chinese
medicine, can inhibit tumor growth in vivo and elucidate the
underlying molecular mechanisms. The antitumor effect of AM
was assessed on the subcutaneous tumors of human colorectal
cancer cell line HCT116 grafted into nude mice. The mice
were treated with either water or 500 mg/kg AM once per day,
before being sacrificed for extraction of tumors, which were
then subjected to microarray expression profiling. The gene
expression of the extraction was then profiled using microarray
analysis. The identified genes differentially expressed between
treated mice and controls reveal that administration of AM
suppresses chromosome organization, histone modification,
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and regulation of macromolecule metabolic process. A sepa-
rate analysis focused on differentially expressed microRNAs
revealing involvement of macromolecule metabolism, and
intracellular transport, as well as several cancer signaling
pathways. For validation, the input of the identified genes to
The Library of Integrated Network-based Cellular Signatures
led to many chemopreventive agents of natural origin that
produce similar gene expression profiles to that of AM. The
demonstrated effectiveness of AM suggests a potential thera-
peutic drug for colorectal cancer.

Introduction

Colorectal cancer (CRC) is the third most common cancer
worldwide (1) and also the third leading cause of cancer-related
death in Taiwan (2). The pathogenesis of colon cancer is
unclear, but it is believed that family history, genetic altera-
tion, diet and lifestyle changes are likely involved. The current
cytotoxic drugs in the treatment of CRC include 5-fluorouracil
(5-FU) alone or in combination with capecitabine, irinotecan
and/or oxaliplatin (3). Although 5-FU has been used as the
first-line treatment for colon cancer, the response rate is <20%
and patients who have responded may become resistant (4). In
addition, serious side effects and complications (e.g., fatigue,
pain, diarrhea, nausea, vomiting, and hair loss) can add extra
burden to patients during treatment (5). Thus, it is necessary
to seek a novel antitumor agent including phytochemical
compounds in the treatment of CRC.

The dried root of Astragalus membranaceus (Fischer) Bge.
var. mongolicus (Bge.) Hsiao (AM) is commonly used in the
treatment of common cold, diarrhea, fatigue, and anorexia (6).
The active constituents of AM include saponins, flavonoids
and polysaccharides (7). Pharmacological studies on AM have
demonstrated its effect on anti-oxidation, anti-inflammation
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and enhancement of immune system response (8). There are
growing evidence that AM may be a potential anti-tumorigenic
agent. For instance, AM was able to suppress hepatocar-
cinogenesis in rats (9). Formononetin, a type of isoflavonoid
isolated from AM, presented anti-angiogenic effect in colon
cancer cells in vitro and in vivo (10). Astragalus saponins have
been studied extensively on tumor growth inhibition, decrease
of cell invasiveness and angiogenesis, and induction of apop-
tosis (6,11-14). In combined therapy, 5-FU in combination
with Astragalus polysaccharides enhances chemosensitivity of
hepatoma cells (15). When in co-treatment with vinorelbine
and cisplatin (VC) for patients with advanced non-small
cell lung cancer, Astragalus polysaccharides have improved
patients quality of life compared with VC alone (16).

Microarray technology provides a high throughput method
to simultaneously analyze the gene expression levels of a given
tissue or cell. It provides diagnostic and prognostic values in
clinical trials because it allows investigators to identify the
differentially expressed genes (DEGs) between samples. The
differential labels are often referred to as biomarkers (17).
Many common CRC genes have been characterized over the
last decade. The three proposed classes of genes are onco-
genes, tumor suppressor genes and stability genes (18). In
addition to the expected frequently mutated genes (APC, TP53,
SMADA4, PIK3CA and KRAS) found in CRC, other genes such
as ARIDIA, SOX9 and FAMI123B were also identified (19).
Furthermore, the emerging role of microRNA (miRNA) in
cancer chemoprevention was recently described (20-23).
However, the changes in miRNA expression levels and how
they are regulated by AM remains unclear.

Recently, the database Library of Integrated Network-
based Cellular Signatures (LINCS) was produced (24). It is
an expression-based high-throughput screening application for
repurposing biomedicines and for accelerating drug discovery.
It works by comparing recorded profiles of gene expression
induced by bioactive molecular perturbations to those the
users had derived in their studies. The data was made avail-
able by the L1000 technology that generated approximately
one million gene expression profiles from 22,412 unique
perturbations applied to 56 different human primary cell lines
and human cancer cell lines. LINCS does not only provide
chemical perturbations, but also gives genetic perturbations
such as knockdowns and overexpression of a single gene, a
unique feature among similar applications.

In the present study, we investigated the antitumor effect of
AM on human colorectal cancer HCT116 mouse xenograft and
observed that AM can effectively reduce the tumor growth in
nude mice. Using microarray analysis, we identified genes and
miRNAs the expression levels and molecular mechanisms, and
inferred that these changes may be associated with AM. Utilizing
the LINCS database, we were able to identify chemopreventive
drugs that have similar expression profile that represents the
effect of AM. Our results suggested that AM, through gene
regulation, could be a promising drug for cancer therapy.

Materials and methods
Ethics statement. All animal work was conducted according

to relevant national and international guidelines. The Animal
Use Protocol was reviewed and approved by the Institutional
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Animal Care and Use Committee (IACUC) of Taichung
Veterans General Hospital, Taiwan. The IACUC approval
number is La-1021107. Period of protocol was valid from
04/01/2013 to 03/31/2014.

Cell culture condition. Human colorectal cancer cell line
HCT116 was purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). The cancer cells
were maintained in McCoy's 5SA medium (Gibco, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum,
100 U/ml penicillin and 100 mg/ml streptomycin (Biowest,
Nuaille, France). Cells were cultured at 37°C in a humidified
atmosphere of 5% CO,: 95% air.

Preparation of AM. The crude extract of AM was purchased
from Sun Ten Pharmaceutical Corporation and identified by
Brion Research Institute of Taiwan (batch no. M21051). The
dried AM (100 g) was soaked in 1.5 1 water for 24 h. The next
day, the stock was decocted in 90°C distilled water for 6 h. The
decoction liquid was filtered and concentrated using a rotary
evaporator, and lyophilized into powder. The dried powder
was stored at -20°C until use. The voucher specimen (acces-
sion no. BP002) is deposited in Professor Li-Jen Su laboratory,
National Central University, Taiwan.

Tumor xenografts in nude mice. Three-week-old male
BALB/cAnN.Cg-Foxnl™/CrlNarl mice were purchased from
National Applied Research Laboratories (Taipei, Taiwan).
All animals were housed in appropriate cages at 25°C on a
12-h light/dark cycle with access to food and water ad libitum.
Animals were allowed a period of acclimatization before any
experimentation. Tumors were established by subcutaneous
injection of 1x10° HCT116 cells into the dorsal skin of mice
using 25-G needles. Twelve days later, the animals were fed
with 500 mg/kg AM or only distilled water every day for
28 days (n=8 for each group). Tumor growth was monitored
once a week for 4 weeks by measuring two perpendicular
diameters. Tumor volume was calculated according to the
formula: ax b x (b/2), where a and b are the largest and smallest
diameters, respectively. The eight p-values of tumor volume
were calculated based on Benjamini-Hochberg method, which
renders a false discovery rate of 0.1. All animals were eutha-
nized on day 40 and sacrificed by CO, inhalation. The tumors
were then collected for further analysis.

Microarray experiment. Total RNA was extracted using
PureLink® RNA Mini kit (Ambion, Carlsbad, CA, USA) from
cells treated with control or high doses of AM, according to the
manufacturer's protocol. The concentration, purity and quality
of total RNA for microarray analysis were determined using
Nanodrop 2000 (Thermo Scientific, Wilmington, DE, USA)
and had an OD,q,/OD,g, ratio ranging from 1.9 to 2.1. The
gene expression data was generated using Affymetrix Human
Transcriptome Array 2.0 (HTA-2.0; Affymetrix, Santa Clara,
CA, USA). The cDNA synthesis and labeling were carried
out according to Affymetrix GeneChip® WT PLUS reagent
protocol (Affymetrix). In brief, the total RNAs were first
reverse transcribed to complementary DNA (cDNA) and then
to complimentary RNAs (cRNAs) by in vitro transcription.
The cRNAs were purified and quantified and the second cycle
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Table I. Primer sequences used in this study.
Gene Forward Reverse Refseq
BRD2 ATTCCAGCTCCTCCTCTTCC GCAGAGCCAGCTCTCCTAGA NM 001113182.2
CREBBP GGAAACCTTGAGCCATGTGT CACAGGATGCAGACTCCAAA NM 001079846.1
HNRNPU CAGAGCCAAATCTCCTCAGC CTTTGCCTTTTGACACACCA NM 004501
KMT2D CTCTGGATGGGATTGATGCT CGTGGCTCTTCCTGTTCTTC NM 003482
MYCBP2 TCATCCATCCCTGTGTCTCA AAAGAGGCAAGCACAGGAAA NM 015057 .4
TRRAP ACCTTGGTGTGTGGTGTCAA GCCACACGGATGTATGTCTG NM 003496

single strand cDNA synthesis was performed using cRNAs
as template. The RNA was removed and single strand cDNA
was fragmented and hybridized to arrays. All the arrays were
scanned with Affymetrix GeneChip 3000 7G (Affymetrix).
The Affymetrix quality control report was produced to ensure
the data quality of the processed arrays. All the arrays have
passed the suggested values provided by Affymetrix and
published on GEO (GEO accession no. GSE70772. http://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?token=wnaxqakubzglvip
&acc=GSE70772).

Analysis of microarray gene expression profile. The genes
differentially expressed in this study were selected using
GeneSpring software, version GX 7.3 (Agilent, Santa Clara,
CA, USA). The log,-transformed expression intensities
with Robust Multiarray Average (RMA) normalization and
Principle Component Analysis (PCA) from 16 arrays (n=8
in each group) were performed. According to PCA, a total
of only 8 arrays were used (n=4 in each group) to calculate
the correlation coefficient in each cluster set and heatmap was
constructed. The t-test p-value and fold-change for comparing
the differentially gene expression in the treatment and control
group were calculated. A p-value <0.05 and a fold-change
of >1.5 were considered as differentially expressed. The
Fisher's exact test was applied to identify overrepresented
Gene Ontology (GO) terms (25) (http://geneontology.org). A
P<0.001 was considered statistically significant.

Real-time PCR validation. For each sample,2.5 ug of RNA was
converted into cDNA using SuperScript® VILO™ MasterMix
(Invitrogen, Carlsbad, CA, USA) according to manufacturer's
protocol. All primer sets were designed using NCBI Primer-
BLAST and each primer pair was checked for primer-dimer
using Beacon designer software version 8.13 from Premier
Biosoft International (Palo Alto, CA, USA). The primers were
further checked using melt curve analysis. The reaction was
performed on ABI ViiA™ 7 Real-Time PCR system (Applied
Biosystems, Life Technologies, Foster City, CA, USA) using
RealQ Plus 2X Master Mix Green as dye (Ampliqon, Odense,
Denmark) according to manufacturer's manual. The reaction
condition is as followed: 95°C 15 min followed by (98°C:
15 sec, 60°C: 30 sec, 72°C: 30 sec) x 40 cycles. All reactions
were carried out with four biological replicates, and each
analysis consists of two technical replicates. The signal of
housekeeping gene GAPDH was used for normalization and
the relative expression levels were calculated using the 244
method. The primer sequences are shown in Table I.

Database analysis for differentially expressed miRNAs.
Cytoscape was utilized to construct the miRNA-target gene
network (26). The target genes of miRNAs were identified
from miRTarBase (http:/mirtarbase.mbc.nctu.edu.tw) (27)
and were subjected to DAVID for GO biological process
analysis. The selected terms were based on Benjamini
corrected P<0.05. miRNA pathway analysis was predicted
using DIANA-miRPath (http://diana.imis.athena-innovation.
gr/DianaTools/index.php?r=mirpath/index) (28) with FDR
corrected P<0.05.

Identification of compound signature using LINCS. LINCS or
the Library or Integrated Network-based Cellular Signatures
project is the extensive version of CMAP (29) which is
available on the http://lincscloud.org website. Detail of the
website can be found as published (24). In brief, the up and
downregulated gene lists are inserted to the textbox on the
search interface. Click on the search button will reveal lists of
matching experiments in a table format. The three tables are
‘compound connection’, ‘consensus knockdown connection’
and ‘overexpression connection’. For this study, we only focus
on compound connection. The compound selection criteria
were based on the mean connectivity score across four cell
lines with a magnitude between -90 and -99, which corre-
sponds to significant reverse connections.

Statistical analysis. Statistical analysis was performed using
Student's t-test. Differences were considered statistically
significant with P<0.05 unless otherwise specified.

Results

The inhibitive effects of AM in vivo. To test the effect of AM
on tumor growth inhibition in vivo, a human colorectal cancer
xenograft nude mouse model was generated. The mice were
orally fed with water or 500 mg/kg AM for 28 days. On the
final day, mice were sacrificed and tumors were inoculated
for further studies. As shown in Fig. 1A and B, the tumor
volume and final tumor weight of 500 mg/kg AM groups were
reduced by 47.5% (380+109 mm?® in control vs. 199+69 mm?
in AST-treated mice after 28 days) and 48.4% (2.56+0.49 g
in control vs. 1.32+0.74 g in AST-treated mice after 28 days)
compared to control, respectively. However, in no group
throughout the experiment, was significant changes in body
weight observed (Fig. 1C), or mortality recorded, unlike the
common side effects of traditional chemotherapy. In addition,
the non-tumor-bearing mouse groups fed with 500 mg/kg AM
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Figure 1. Administration of AM inhibits tumor growth of HCT116-induced mouse xenografts. The mice were treated orally every day with either control
or 500 mg/kg AM after the tumors became palpable at the 12th day. Effects of AM on (A) tumor volume, (B) final tumor weight and (C) body weight were
measured. (D) Pictures showing the excised tumors on the 40th day from the two groups. The means and variances were evaluated based on n=8 mice per

group. "P<0.05 compared to control.

did not show any toxicity or change in body weight during
the course of experiment (data not shown). Next, the excised
tumors were evaluated for microarray analysis (Fig. 1D).

Bioinformatics analysis of molecular mechanisms. The
tumors were processed for microarray investigation to
determine the differential transcriptional profiles between
control and AM-treated groups. After normalization of
the microarray data, a total of 1,454 DEGs were identified,
including 1,257 upregulated and 197 downregulated genes at
the threshold of P<0.05 and fold-change >1.5. The heatmap
of gene expression patterns between control and treatment
groups is shown in Fig. 2A. The significant changes between
control and treatment groups warrant further study.

The DEGs were mapped onto GO for cellular component,
molecular function and biological process analyses. A total of
182 enriched terms covering 224 genes were in the upregu-
lated GO categories. In Fig. 2B, 6 out of 38 terms were listed
under cellular component category. The listed terms include
‘intracellular part’, ‘organelle part’, ‘organelle’, ‘macromo-
lecular complex’, ‘cell junction’ and ‘cell leading edge’. In the
molecular function category, 7 out of 45 terms were listed.
The enriched terms include ‘heterocyclic compound binding’,

‘organic cyclic compound binding’, ‘small molecule binding’,
‘chromatin binding’, ‘hydrolase activity, acting on acid
anhydrides’, ‘cytoskeletal protein binding’ and ‘carbohydrate
derivative binding’. In the biological process category, a total
of 26 out of 99 enriched terms were listed. AM has been widely
studied for its capability of immunopotentiation (30), apop-
tosis induction (6,31) and inhibition of inflammation (32) and
invasion (12). The possibilities that AM may function through
suppressing other emerging cancer hallmarks, such as genome
destabilization and cellular energetics deregulation, remain
rarely studied. To understand such possibilities, we focus
the following discussion on three of the enriched biological
processes, which are ‘chromosome organization’ (36 genes,
P<0.001), ‘histone modification’ (13 genes, P<0.001) and
‘regulation of macromolecule metabolic process’ (86 genes,
P<0.001). More specifically at the gene level, we selected six
of the DEGs to quantitatively demonstrate the effects of AM
on their expression levels. The selected genes are bromodo-
main containing 2 (BRD2), CREB binding protein (CREBBP),
heterogeneous nuclear ribonucleoprotein U (HNRNPU),
lysine (K)-specific methyltransferase 2D (KMT2D), MYC
binding protein 2, E3 ubiquitin protein ligase (MYCBP2),
and transformation/transcription domain-associated protein
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Figure 2. Bioinformatics analysis of HCT116-induced mouse xenografts treated with AM. (A) Heatmap comparison of the 1,454 DEGs between controls and
AM-treated group. Each column shows a profile of a specimen across genes, while each row shows a profile of a gene across specimens. Red color indicates
upregulation and green color indicates downregulation. (B) GO analysis showing cellular components, molecular functions and biological processes enriched
by the 224 genes. The corresponding genes of the biological processes of interest are indicated by arrows.
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Figure 3. Pattern consistency of AM-induced expression changes between the microarray analysis and the real-time PCR analysis. (A) Microarray expression
levels of the six selected genes in the AM-treated group and the control group. (B) Real-time PCR-rendered expression changes showing a similar pattern to
the microarray results. “P<0.05 and “P<0.01 compared to control.

(TRRAP) (Fig. 3A). All the six genes were downregulated
under AM treatment. The respective downregulated and
upregulated DEGs in the control and treatment groups did not
enrich any GO category.

To confirm the above microarray results, we performed
real-time PCR to quantify the expression changes of the six
selected genes (Fig. 3B). The results show that the genes have
wide ranges of Ct values from 20.54 to 33.72. Overall, the

real-time PCR expression changes exhibit a consistent pattern
with that from the microarray analysis.

Focal analysis on miRNA. Interestingly, the Affymetrix
HTA 2.0 array covers >40,000 non-coding transcripts on
the chip and a total of 29 miRNAs were expressed among
the 1,425 DEGs presented on the heatmap. To eludicate the
functions of the miRNAs, miRTarBase was utilized to identify
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Figure 4. Differentially expressed miRNAs and their target genes. (A) Biological processes enriched by the 885 miRTarBase listed target genes. (B) Interaction
network of the 37 differentially expressed miRNA target genes and their targeting miRNAs. Rectangles are miRNAs and ovals are target genes. Both the
miRNAs and the differentially expressed target genes were found upregulated. (C) The 14 cancer related pathways obtained using the DIANA-miRPath

database and the 29 differentially expressed miRNAs as input.

the target genes. A total of 885 target genes were identified
including 37 DEGs. GO enrichment biological process
analysis of the target genes was associated with terms such
as ‘regulation of macromolecule metabolic process’, ‘intracel-
lular transport’, ‘cellular response to stress’, ‘cell cycle process’,
‘cell death’, ‘regulation of signaling’, ‘chromatin modification’,
‘immune system process’, ‘cell proliferation’, ‘transmembrane
receptor protein tyrosine kinase signaling pathway’ and
‘positive regulation of Wnt signaling pathway’ (Fig. 4A). The
network of miRNAs and differentially expressed target genes
are shown in Fig. 4B. These genes were tumor suppressor-
related (ARIDIA, FATI, HIPK2, MDNI1, MEDI3L, RANBP2,
PNN, and SMCHDI), invasion and migration-related (BPTF,

DOCKS5,MEDI2, TIAMI and TRIM44), and cell proliferation-
related (BPTF, DICERI, FUS, HEXIMI1, KAT6B, MKI167, and
POLR2A). The pathway analysis of miRNA predicted target
genes were analyzed using DIANA-miRPath. A total of
100 biological pathways were identified, including many well-
known cancer-related pathways such as PI3k/Akt signaling
pathway, MAPK signaling pathway, HIF-1 signaling pathway,
JAK/STAT signaling pathway and VEGF signaling pathway.
PI3K/Akt pathway has the most identified target genes among
the predicted biological pathways and miR-590 was present
in all of the selected 14 pathways (Fig. 4C). Around 40% of
the pathways are implicated in carcinogenesis, suggesting the
novel role of AM on miRNA regulation.
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Table II. The top perturbagen hits from LINCS.

Perturbagen ID Perturbagen name Score® Therapeutic use
BRD-A02481876 Importazole -100.0 None
BRD-A36630025 SN-38 -99.9 Anti-neoplastic
BRD-A48237631 Mitomycin-c -99.7 Antibiotic
BRD-A80960055 Celastrol -99.6 Anti-inflammation
BRD-A35588707 Teniposide -994 Anti-neoplastic
BRD-K98490050 Amsacrine -994 Anti-neoplastic
BRD-A59985574 Topotecan -993 Anti-neoplastic
BRD-A30437061 Camptothecin -99.2 Anti-neoplastic
BRD-K08547377 Irinotecan -98.5 Anti-neoplastic
BRD-K31542390 Mycophenolic-acid -98.4 Immunosuppressant
BRD-K80622725 STK-397047 -97.8 None
BRD-K31342827 Bisindolylmaleimide -97.6 None
BRD-A18419789 Etoposide 974 Anti-neoplastic
BRD-K53792571 Inhibitor-BEC 974 None

aScored based on best four of nine cell lines.

Drug predictions using LINCS. LINCS derives perturbagents
of both aggravate or reverse directions, thus allowing users
to identify lists of harmful or beneficial drugs for possible
therapeutic treatments. To search for small molecules that
have similar effect as AM, that it, decrease in gene expres-
sion after administration of drug, we have identified a total of
71 significant perturbagens. The top 14 perturbagens are listed
in Table II. The drugs include antitumor effect such as SN-38,
teniposide, amsarcrine, topotecan, camptothecin, irinotecan
and etoposide. Other therapeutic drugs such as mitomycin-c,
celastrol and mycophenolic acid were also listed. The results
suggested that the effect of AM is similar to the perturbagens
listed in Table II. This provides support for the reliability of
our microarray study.

Discussion

In the present study, we have demonstrated that AM can
effectively reduce the tumor growth in nude mice without
significantly altering the mouse body weight. DEGs extracted
from microarray gene expression profile indicate statistically
significant functional changes including catalytic activity,
binding, cellular component, biological process, biological
regulation and cellular component organization. These
changes correlate well with morphological changes in mouse
tumors. For example, terms such as chromosome organization,
histone modification and regulation of macromolecule meta-
bolic process were upregulated and downregulated in control
and treatment groups, respectively. These terms are rarely
described in TCM, suggesting a new therapeutic use of AM.
Our microarray data revealed that many epigenetic-related
genes including KMT2D, BRD2, CREBBP, ARIDIA, were
altered in AM-treated groups. Hsieh e al tested 3,294 TCMs
and found that ~29.8% have the potential to affect the epig-
enome of the human cells (33). Epigenetics is the change in gene
expression independent of alteration in DNA sequences (34).

Its modification involves changes in DNA methylation, histone
modification and miRNAs expression (23). In cancer cells, two
forms of epigenetics are commonly observed. One is hypo-
methylation of the proto-oncogenes or increase in expression
of genes implicated in tumor progression. On the other hand,
tumor suppressor genes were silenced due to hypermethylation
on their promoter region. These reactions are catalyzed by a
family of enzymes called DNA methyltransferases (DNMTs),
histone acetyltransferase (HATs) and histone deacetylase
(HDACS) (35,36). KMT2D is an important component of
the multi-protein complex that directs epigenetics regulated
genes and embryonic development (37,38). KMT2D are
frequently mutated in malignant cells. For instance, KMT2D
contains recurrent mutation in 90% of the cases in follicular
lymphoma (39). Furthermore, high levels of KMT2D are asso-
ciated with breast and colon cancer malignancies (40). Another
property of KMT2D is its ability to promote cell migration (41);
thus it is possible that the reduction of KMT2D in the treat-
ment group was affected by AM since the roots of Astragalus
membranaceus and/or Astragalus saponins have been shown
to attenuate invasion and migration of cancer cell lines (12,42).
Interestingly, KMT2D also plays a part in regulating calcium
signaling pathways (41,43) and deregulation of this pathway
may mediate tumor growth (44-46). Astragaloside IV, one
of the main constituents found in AM, was able to reduce
the excess intracellular calcium by improving the activity
of calcium pump in myocardial cells (8,47), suggesting
astragaloside IV is valuable in enhancing tumor inhibition by
implicating the calcium signaling pathway.

Small molecules targeting bromodomain, especially the
BET family (BRDI, BRD2, BRD3, BRD4, and BRDT), can
be a promising therapeutic strategy in cancer treatment. The
bromodomain is an evolutionarily conserved protein that act
as ‘reader’ of histone acetylation and regulates protein-protein
interaction via lysine residue (34,48). BRD2, the potential onco-
gene in humans, was downregulated in our mouse xenograft
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treatment group. A few BET protein inhibitors were designed
to target the acetylated histones and the bromodomains (49) and
inhibition of BET proteins can ultimately reduce the transcrip-
tion of proto-oncogenes such as MYC, BCL2 and CDK®6 (50).
Furthermore, BRD?2 expression can result in B cell maglinancy,
which is activated by nuclear factor-kB (NF-«kB)-regulated
genes (51). Consistent with this finding, another study has
shown that BRD2 can directly regulate NF-xB activity in a
macrophage cell line and downregulation of BRD2 ultimately
decreases NF-«B activity (52). NF-kB is pivatol in the control
of inflammation, cell proliferation and apoptosis. AM has long
been known for its anticancer effect by activating anti-inflam-
matory and immune boost properties. For instance, saponins
found in AM were able to induce tumor growth inhibition and
promote apoptosis through ERK-independent NF-kB signaling
pathway (11). We suspected that AM regulates NF-kB activity
by altering BRD?2 expression.

Energy metabolism reprogramming is one of the emerging
hallmarks of many cancers (53,54). One of the factors facili-
tating uncontrollable proliferation of cancer cells is their high
rates of aerobic glycolysis, a phenomenon known as the
‘Warburg effect’ (55,56). The factor affords tumor cells even
more abundant ATPs than can be produced through oxidative
phosphorylation. The degraded glucose through glycolysis
recursively fuels proliferation by providing intermediates
needed for synthesizing amino acids and nucleosides (53,57),
the respective building blocks of protein and DNA. MYC
is one of the main oncogenes in cancer cells by promoting
glucose transporter 1 (GLUTI) and contributes to the Warburg
effect (54). In our microarray profile, we have identified
MYC-associated genes such as MYCBP2 (58), HNRNPU (59)
and TRRAP (60), all of which play a role in regulating MYC
expression, as having been downregulated by AM. Studies
have shown that MYCBP?2 positively regulates with mTOR
signaling (61), which controls the metabolic reprogramming
of cancer cells (62), and during metabolic stress, mTOR is
inactivated by AMP-activated protein kinase (AMPK) (54).
Astragalus polysacchride is known to activate AMPK to
alleviate glucose toxicity in diabetes (63). Furthermore, drugs
such as metaformin and phenformin that were developed to
target type 2 diabetes may have use in treating cancers by
triggering AMPK in cells (64,65), suggesting AM, like meta-
formin or phenformin, is an excellent adjuvant drug possibly
by activating AMPK and ultimately decreasing mTOR and
MYCBP?2 expression.

miRNAs are a family of small, evolutionary conserved,
endogenous and non-coding RNAs that regulate gene expres-
sion in broad range of animals, plants and viruses. They
play critical regulatory roles in a large number of biological
processes such as cellular differentiation, proliferation, migra-
tion and apoptosis (66,67). Several studies had focused on TCMs
and their effect on miRNA expression. For example, curcumin
and its derivatives were able to alter miRNA signature profiles
in various cancers including colon (23,68). Bufalin, one of
the active ingredients of Venenum bufonis, can inhibit colon
cancer metastasis by acting synergistically with miR-497 (69).
However, studies on AM in modulating miRNA expression
in cancers are limited. Here, we identified 29 differentially
expressed miRNAs and found that miR-590 has the most
identified target genes and is involved in all of the selected
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miRNA predictive pathways. miR-590, a possible oncomiR,
was overexpressed in many tumors (70-72). Database mining
identified TGFBR?2 is one of the target genes of miR-590-5p.
Studies have found that mutation of TGFBR?2 occurs in 25% of
CRC and in >90% of microsatellite instability-high CRC (73).
These findings shed light on the additional roles of AM in
miRNA regulation.

The results from LINCS indicate that many chempreven-
tive drugs have profiles similar to that of AM. Interestingly,
many of the identified antitumor agents were of natural origin.
For example, etoposide and teniposide are the derivative of
podophyllotoxin which was found in the plant Podophyllum
peltatum, SN-38, topotecan and irinotecan are the deriva-
tives of camptothecin which was isolated from Camptotheca
acuminata (74). Celastrol is another TCM-isolated chemical
compound from the root of Trypterigium wilfordii. More
recently, studies have shown that celastrol, in addition to
its anti-inflammatory activities, can inhibit proliferation
of various human cancer cells (75). We have also identified
curcumin (score: -92.5) as another natural product that have
similar gene expression effect as AM. Curcumin is by far the
most studied TCM-based anticancer drug. It can modulate the
growth of tumor cells by regulating several pathways such
as NF-«xB, PI3K/Akt, JAK/STAT, AMPK and mTOR, all of
which were also observed in AM.

Although more work is needed to further clarify the effects
of AM at the molecular level, our preliminary results show that
crude extract of AM inhibits growth of CRC in vivo without
apparent toxicity and side effect. Our bioinformatics analysis
provides preliminary insight into the molecular mechanisms
of AM, while the identified genes and miRNAs offer clues to
explaining the reduced growth of mouse xenografted tumors.
Our derived gene expression profile provides valuable infor-
mation for selecting biomarkers and could contribute to future
discovery of novel drugs for CRC.
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