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Abstract

Chemopreventative properties of traditional medicines, Kampo and underlying mechanisms of
action have not been well explored. This study demonstrates that daikenchuto (TU-100),
comprised of ginger, ginseng, and Japanese pepper (50/30/20 by weight), effectively suppresses
development and progression of intestinal tumors in the azoxymethane (AOM) and the APC™MIn/+
mouse models. TU-100 was included in the diet. TU-100 was provided after first of 6, biweekly
AOM injections, mice sacrificed at 30 weeks. APC™M"* mice were fed without or with TU-100
starting at 6 weeks, sacrificed at 24 weeks. In both models, dietary TU-100 decreased tumor size.
In the APC M+ model, the number of small intestinal tumors was also significantly decreased,
whereas in the AOM model, both TU-100 and Japanese ginseng decreased tumor numbers.
TU-100 and ginseng decreased Ki67 and p-catenin immunostaining and activation of numerous
transduction pathways involved in tumor initiation and progression. EGF receptor expression and
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stimulation/phosphorylation /n vitro was investigated in Caco2BBE cells. TU-100, ginger, and 6-
gingerol, but not ginseng, ginsenoside Rb1 and the bacterial metabolite compound K, nor Japanese
pepper suppressed EGF receptor induced Akt activation. TU-100 and ginseng and to a lesser
extent ginger or 6-gingerol, but not Japanese pepper, ginsenoside Rb1 or compound K inhibited
EGF activation of ERK1/2. In conclusion, TU-100 and some of its components and metabolites
inhibit tumor progression in two mouse models of colon cancer by blocking downstream pathways
of EGF receptor activation.
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Introduction

Colorectal cancer is the third most commonly diagnosed cancer in the world causing over
half million deaths every year (1, SEER Database, http://seer.cancer.gov). Survival rates
have increased due to the development of diagnostic and treatment interventions, such as
surgery or chemotherapy (2, 3), however the need for preventive measures still exists. A
number of agents have been tested and several are implicated to have efficacy in colon
cancer prevention including most notably aspirin and sulindac, but also vitamin D and
calcium (4-6). A number of natural products have also been investigated including
curcumin, ellagiaic acid, polyphenals, isoflavones, and ginsenosides (7-11).

Daikenchuto (TU-100) is a Japanese traditional herbal medicine, also called Kampo
medicine, that has been reported to have prokinetic and anti-inflammatory effects in the gut.
Clinically, it has been used for the prevention of post-operative ileus and for maintenance of
general health (12-14). TU-100 is an aqueous extract of a mixture of processed ginger root
(Zingiber officiale), ginseng radix root (Panax ginseng) and Japanese green pepper
(Zanthoxylum piperitum), mixed by ratio of 5: 3: 2 by weight. These components contain
diverse compounds such as gingerols and shogaols in ginger, ginsenosides and
polysaccharides in ginseng, and sanshools in Japanese green pepper. TU-100 has been
shown to have anti-inflammatory effects in both chemically-induced and immune cell
transfer models of murine colitis (15-17).

The ability of TU-100 to block colon cancer development has not been tested, although one
TU-100 component, ginseng, has been shown by a number of studies to block the
development of colon cancer (18-21). The chemopreventative properties of ginseng appear
to be mediated by both its anti-inflammatory and growth suppressive effects (18, 19, 21),
which in large part requires the conversion of saponin ginsenoside compounds, notably Rb1,
to the bioactive factor, compound K. The conversion is dependent on intestinal microbial
glycosidase activity that removes sugars of the backbone ring structure, leading to
compound K generation (22-24). Compound K is more readily absorbed and has direct
effects in inducing apoptosis and autophagy in cancer cells (25, 26). Therefore the
chemopreventive or anti-inflammatory effects of ginseng are enhanced in mice that have
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abundant ginseng-hydrolyzing bacteria represented in the gut microbiota (27). TU-100 also
possesses microbe-independent anti-inflammatory effects that have been demonstrated in the
small intestine in a model of T-cell activation. These effects, however. are due to the ginger
component of TU-100 (17). Ginseng metabolites formed by bacterial glycosidases and
glucosidases are important in its anti-cancer activity. Ginseng triterpene dammarane
ginsenoside compounds are deglycosylated, converting of ginsenoside Rb1 to compound K
(28, 29). Compound K stimulates apoptosis in colon cancer epithelial cells, which is
believed to contribute to tumor suppression (30).

In the present study, we demonstrate that dietary TU-100 blocks the development of colon
cancer in two different experimental mouse models. Chemical induction of colonic
adenomas and cancer by DNA mutagenesis with azoxymethane (AOM)(31, 32) is highly
dependent on genetic background - the Balb/C and A/J mouse strains being the most
sensitive to this agent when used alone (33). The APC M"* mouse that possesses a
spontaneous germline mutation of the APC gene, similar to human familial adenomatous
polyposis coli (34, 35), is a genetic model of intestinal cancer. Truncation of the APC
protein leads to B-catenin dysregulation and promotion of neoplastic growth (36, 37). In the
present study, we examine the potential chemopreventative effects of dietary TU-100 in
these two models of intestinal cancer. The study also explores individual constituents and
some of the metabolites of TU-100 as well as the mechanisms of action underlying their
chemopreventative actions.

Materials and methods

Animals

Reagents

All animal studies were approved by the Institutional Animal Care and Use Committee
(IACUC 72101). Male Balb/c mice were purchased from Jackson Laboratories and allowed
free access to water and food. Housing conditions for the mice included a temperature
setting of 31°C, relative humidity of 55%, and 12:12 light:dark cycle. APC M+ mice
(C57BL/6J-APC Min* /7) were originally purchased from Jackson Labs but were bred in
house for these studies.

TU-100 was provided by Tsumura & Co. (Ami, Ibaraki, Japan) in the form of powdered
granules of an aqueous extract containing processed ginger, ginseng radix and Japanese
green pepper combined in a ratio of 5:3:2 (w/w). The chemical composition of these
materials were verified according to the standards of the Japanese Pharmacopoeia and
Tsumura.

Induction of tumors

Mice were fed standard AIN-76A diet alone (Harlan, Madison WI, formulation number CA.
170481) or diet supplemented with 15 mg/kg TU-100 (Harlan, TD.110333). Azoxymethane
(AOM, 10mg/kg)) was injected i.p. every 2 weeks for 6 injections to initiate tumors. Body
weights were recorded weekly for the entire duration of treatment. Colons were opened
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longitudinally and photos were taken. Tumor humbers and sizes were measured and ratios of
tumor area to total colon area were calculated with using Image J.

Endoscopic procedures

Colonoscopy was performed on AOM-treated mice at 15 weeks to monitor tumor
progression, using a miniature endoscope (30°, 1.9 mm, rigid) that had an examination
sheath (9 French size), xenon light source, video monitor and camera with a capability to
record video and still images (Karl Storz, Tuttlingen, Germany). Mice were not fasted and
the procedure was conducted under anesthesia by isoflurane to minimize the pain. Colonic
lavage was performed with distilled water using oral gavage needle (20 gauge) prior to
sheath insertion.

Histological analysis

Tissues were fixed in 4% neutral buffered formalin overnight, washed with PBS and
embedded in paraffin after dehydration with ethanol and xylene. Five pm sections were cut
and stained with hematoxylin and eosin. For AOM- treated mice, Swiss rolls were prepared
and sectioned as described (38). For APC M"* mice cross sections containing a tumor as
well as adjacent normal appearing intestine region were taken.

Immunohistochemistry analysis

Immunohistochemistry of five um sections was performed using antibodies to APC (1:200,
Santa Cruz), p53 (1:500, Leica), p-catenin (1:200, Millipore) and Ki-67 (1:200, Thermo
Scientific). Briefly, paraffin was removed with xylene after heating, sections were hydrated
with graded ethanol and boiled in 10 mM citrate for 10 min, and blocked for peroxidase and
proteins. For Ki-67 staining, sections were heated in 10mM Tris pH 9 for antigen retrieval.
Each primary antibody was used in 0.1% Tween-TBS and incubated in 4°C overnight. Slides
were washed with T-TBS and developed using the Dako Envision system. For both H&E
and immunohistochemical staining, slides were scanned and imaged with Pannoramic View
system (software version 1.15.1). For determination of nuclear staining, ImmunoRatio
software was used (39).

Western blot analysis

Proteins collected from scraped colon mucosa were homogenized in protein lysis buffer with
protease inhibitor. Ten to thirty ug of protein were used depending on the level of expression
and quality of antibody. Standard procedures were used for Western blotting.

Studies of the expression, activation, and downstream effects of the EGF receptor

Caco2BBE cells were grown in high glucose DMEM with 10% fetal bovine serum, 2mM
glutamine, and 0.1U/ml transferrin. For 24 hours prior to stimulation, cells were incubated in
reduced serum (0.1% vol/vol) alone or in TU-100 (20pug/ml), ginseng extract (10ug/ml),
ginger (6ug/ml), Japanese pepper extract (4ug/ml), ginsenoside Rb1 (30uM), compound K
(10uM), or 6-gingerol (10uM). Cells were stimulated with 30ng/ml EGF and harvested at
indicated times; 30 min for EGF receptor stimulation, 60 min for Akt phosphorylation and
120 min for ERK1/2 phosphorylation and proteins analyzed by Western blotting.
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Statistical methods

Results

Statistical differences for Western blot image analysis were calculated using GraphPad
Prism Software using analysis of variance. For ImmunoRatio nuclear staining data, a Mann-
Whitney nonparametric U test of Graph Pad Prism was used (http://153.1.200.58:8080/
immunoratio; 39).

Overall body weight change and tumor development in AOM treated mice

Histological

Male mice, 6 weeks of age and weighing 13-15 grams, were treated i.p. with AOM (10 mg/
kg). One week after the first AOM injection, mice were placed on AIN76A diet without or
with 1.5% (15 gm/kg diet) TU-100 or 0.45% (4.5 gm/kg diet) ginseng. These diets were
started after the first AOM treatment to reduce potential effects of the dietary supplements to
alter AOM metabolism and mutagenesis. Beginning two weeks after the first AOM
treatment, mice received AOM every two weeks for an additional five injections (six total).
Colonoscopy was performed on some mice at 15 weeks to assess tumor development. By
this time small tumors were observed (Figure 1A). Mice were sacrificed at 30 weeks
because some mice in each group were developing rectal prolapse and Gl bleeding. Colons
were cut longitudinally and opened flat on filter paper to count tumors and measure tumor
size, the latter using digital calipers (shown in Figure 1B are two representative mice in each
group ). Colonic tumors, but not small intestinal tumors developed in AOM treated mice.
The photos of Figure 1B are representative and were used for Image J analysis to assess
tumor extent. Selected tumors in some of the colons are indicated by arrows. The average
ratios of tumor to normal tissue in AIN-76A diet and AIN-76A with TU-100 diet fed mice
were 23.7 £ 3.7% and 12.1 + 3.4% (average + SEM, n=7 AIN and n=9 TU-100, * p < 0.05)
(Figure 1D). The numbers of tumors were not statistically different among groups (totals
from all sizes in Figure 1D), but the tumors were smaller in groups receiving dietary TU-100
or ginseng (Figure 1D).

and immunohistochemical analysis of colon tumors

From the hematoxylin and eosin stained Swiss rolls (Figure 1E), tumors frequently appeared
to arise near or over mucosal lymphoid aggregates. Tumors are indicated by arrows.
Lymphoid aggregates were also noted in untreated (no AOM) Balb/c mice (images not
shown). Epithelial cells over lymphoid aggregates also showed mild dysplasia characterized
by hyperchromaticity and mild bleomorphism (changes in nuclear appearance).

At 30 weeks, tumors formed multi-layered glands with back-to-back glandular patterns.
Many tumors contained necrosis within the tumor. The numbers of adenomas and
carcinomas /n situwere quantified from the Swiss rolls. For AIN76A diet alone, there were
7.2 £ 1.5 adenomas and 2.2 + 0.6 carcinoma in situ, while for the TU-100 supplemented
group (no ginseng group was included in this cohort), adenomas were 6.3+1.4 (not
statistically different from AIN76A alone) and carcinoma in situ 0.920.5 (different from
AIN76A alone p < 0.05). No metastases were found in liver or lung in any mice.
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Tumor proliferation, assessed by Ki-67 staining was greater in AOM treated mice on
AIN76A diet compared to tumors from those supplemented with TU-100 (Figure 2, lower
panel). B-catenin and p53 immunostaining were greater and more extensive in tumors of
mice that had been on unsupplmented diet (Figure 2). Levels of nuclear p-catenin, Ki-67,
and p53 were quantified using ImmunoRatio software and are presented in the lower panel
of Figure 2. Five adenomas each from Swiss rolls of three different mice stained for p-
catenin, Ki-67, or p53 were selected and ImmunoRatio used to calculate DAB/total nuclear
ratio. For B-catenin staining, AIN76A diet alone the ratio was 65.1 + 7.4 and for diet with
TU-100 47.6 £8.7 (p < 0.0001 by Mann Whitney U test). For Ki-67 staining, the DAB/
nuclear ratio of AIN76A 13.0 £ 2.4 and the diet including TU-100 8.2 + 1.9 (p < 0.0001).
For p52 AIN76A diet was 37.6 + 15.0 and TU-100 containing diet 35.7 + 12.4 (ns).

Western Blot analysis of colon tumors

To investigate potential pathways that might be targeted by TU-100 and its constituents,
MRNA and protein expression of several tumor suppressors and proto-oncogenes along with
number of key signal transduction components were examined. These measurements were
performed on tumor tissue with a minimum of four tumors harvested from at least 4
individual mice and compared to those in colonic mucosa from control mice without AOM
injection. Densitometric analysis of Western blots is presented in Table 1. Phospho-active
EGFR and ErbB2 levels were significantly increased in tumors compared to tissues from
control mice (Figure 3A). Dietary TU-100 and ginseng significantly decreased EGFR
activation in the tissues, the densitometry values presented in Table 1. EGFR down-stream
effectors pERK and pAkt were also significantly increased in AOM-induced tumors and
these levels were reduced by dietary supplementation with TU-100 and ginseng (Figure 3B).
In the AOM-induced tumors, there were increases in levels of several proto-oncogenes
including cyclin D, Hes-1 (a Notch singaling regulated factor) and p-catenin and decreases
in tumor suppressor E-cadherin (a marker of epithelial cell differentiation)(Figure 3C).
Dietary TU-100 or ginseng partially blocked the tumor-associated changes in these proteins.
Similarly, TU-100 reduced COX-2 (but not COX-1, data not shown) up-regulation in AOM-
induced tumors (Figure 3C). The effects of ginseng on Cox-2 in AOM-induced tumors were
more modest. No changes in apoptotic regulators bax, bad, or bcl-2 were noted (Figure 3D)
despite induction of apoptosis within some tumors. On the other hand, both TU-100 and
ginseng both increased apoptosis, as assessed by the activation of caspase 3 and polyADP
ribose polymerase (PARP) using antibodies that recognized either intact and cleaved forms
or only the cleaved, activated form (Figure 3D). Quantitative RT-gPCR analysis
demonstrated changes in transcript abundance that paralleled protein changes for E-
cadherin, COX-2 and Hes-1 in AOM-induced tumors and inhibitory effects of TU-100 and
ginseng (Figure 3E).

Effects of TU-100 on APC M"* mouse intestinal adenoma development

Dietary supplementation with TU-100 in AIN-76A diet was initiated 6 weeks after birth and
continued until sacrifice at 24 weeks. Colon tumors rarely developed in this model. In
agreement with this, colonic tumors developed in only two mice - one on AIN-76A alone
and one on the TU-100 diet. Small intestinal tumors were counted for each mouse and
effects of dietary supplementation on size distribution analyzed (Figure 4A). Tumor
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multiplicities were lower in the TU-100 group (determined at each size by Mann-Whitney U
test) and of smaller size. At 24 weeks, only adenomas and no carcinomas were noted in
mice. Adenomas were characterized by histology and protein and RNA extracted for target
evaluation as described for AOM-induced tumors. Expression levels in tumors were
compared to levels in adjacent normal-appearing intestinal mucosa.

Immunohistochemical analysis showed reduced nuclear p-catenin in adenomas from mice
fed the TU-100 diet compared to adenomas from mice fed unsupplemented diet (Figure 4B).
p53 staining was reduced to a lesser extent in tumors from unsupplemented AIN-76A diet-
fed mice compared to adjacent mucosa. Dietary TU-100 had a modest effect in a direction to
restore normal appearing p53 staining in both uninvolved mucosa and tumors (Fig 4). Ki-67
staining was limited to the base of the crypts in uninvolved areas but was detected
throughout the tumors (Figure 4B). Compared to tumors from unsupplemented AIN-76A
diet-fed mice, tumors from mice on diets supplemented with TU-100 demonstrated less
Ki67 staining. ImmunoRatio analysis was used in APC™M"* mice was performed for AOM-
induced tumors and results are presented in the lower panel of Figure 4. For p-catenin %
DAB/total nuclear ratio for AIN76A diet was 63.9 + 8.5 compared to that for diet with
TU-100 of 41.3 + 5.8 (p < 0.001 by Mann Whitney U test). For Ki-67 AIN76A diet the %
was 12.3 £ 12.5 compared to that for diet with TU-100 of 7.3 £ 12.0 (p < 0.001) and for p53
AIN76A diet the ratio was 40.8 + 9.5 comparted to 32.3 + 5.7 for TU-100 (p=0.009).

Tumors and non-involved nearby regions were analyzed for EGF singals and changes in
proto-oncogenes, and apoptotic proteins by quantitative Western blotting (Figure 5A-D).
Tumors demonstrated increased activation (phosphorylation) of EGFR and ErbB2 and
activation of their downstream transduction pathways ERK1/2 and Akt. Tumors also
demonstrated increased expression of Hes-1, PCNA, Myc, cyclin D, COX-2, VEGF and -
catenin and decreased expression of the epithelial marker E-cadherin. Tumors exhibited
increased levels of apoptosis and activation of apoptosis, which were blocked by TU-100 to
varying extents (densitometry presented in Table 2). Quantitative RT-gPCR analysis
demonstrated tumore-related increases in transcript abundance that paralleled protein
changes for E-cadherin, COX-2 and Hes-1 in APC tumors whereas TU-100 inhibited these
effects (Figure 5E).

Effect of TU-100 on EGF receptor expression and activation and stimulation of Akt and
ERK1/2 in human Caco2 colon cancer cells

To determine if TU-100 and its components had direct actions on human colon cancer cells,
studies were performed on the human colonic adenocarcinoma cell line Caco2BBE. TU-100
and its components ginseng, ginger, and Japanese pepper extracts did not alter Caco?2 cell
EGF receptor expression (Figure 6). EGF receptor phosphorylation stimulated by EGF was
also not decreased by TU-100 or its components (Figure 6). However, the activation
(phosphorylation) states of the down-stream effectors Akt and ERK1/2 were decreased by
TU-100. Akt activation was inhibited by the ginseng and component 6-gingerol, the latter
being a major bioactive component of ginger. ERK1/2 activation was inhibited by TU-100 or
ginseng extract and a lesser degree by the ginger extract and 6-gingerol.
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Discussion

Despite significant progress in diagnosis and treatment of colon cancer (2,3) there remains a
significant need for safe, effective, and well-tolerated measures to reduce the risk of this
disease and its complications. Natural products have been used for centuries in many
cultures and have served as the source of many anti-neoplastic compounds that are presently
used. The current studies demonstrate that TU-100 or daikenchuto, blocks the development
of colon cancer in both a chemically-induced model and a genetic model of colon cancer
both of which mimic many gene regulatory changes present in sporadic human colon cancer.

Both the anti-inflammatory and anti-neoplastic effects of TU-100 could both be important in
inhibiting colon cancer growth. Colon cancer induction by AOM involves a number of
pivotal mediating steps including activating mutations of -catenin and up-regulation of
EGFR signals including activation down-stream effectors Akt and ERK1/2 activation (32,
40, 41, 42). Activation of the canonical Wnt pathway with increased nuclear B-catenin
occurs in both the AOM and Min mouse model photocopying this major dysregulated
pathway in sporadic human colon cancer (43). In the AOM model, B-catenin is frequently
activated by gain-of-function mutations involving loss of negative regulatory sites in the
amino terminus. This in turn induces Wnt signaling that mimics bi-allelic loss of tumor
suppressor APC in humans (44). In the AOM model, tumors frequently develop over
lymphoid aggregates that are believe to be a source of local inflammation. Cellular
inflammation is also observed in sporadic human colon cancer as reflected by increases in
NFxB signaling, and up-regulations of Cox-2, and iNOS (45, 46, 47).

TU-100 contains ginger and ginseng, both of which contain compounds that are anti-
inflammatory (17-19, 48-50). Inflammation in mice fed diets supplemented with TU-100
showed reduced inflammation and developed smaller tumors. We therefore hypothesize that
at least part the chemopreventive effects of TU-100 to block colon cancer growth are
mediated by its anti-inflammatory effects. Additionally, ginseng and ginger have been
shown to possess growth regulating compounds (18, 21, 30, 51, 52). TU-100 decreased
expression of B-catenin, a central regulator of growth of colonic epithelial cells that plays a
key role in early colon cancer development. Hes-1, a marker of Notch signaling was also
elevated in AOM-induced tumors. Notch signals play an important role in colon cancer
development (53). TU-100 blocked induction of Hes-1, indicating that the Notch pathway is
also a target for TU-100.

The present studies also demonstrate that ginger compounds appear to inhibit EGF receptor
activation of Akt while ginseng compounds are more active against ERK1/2 activation.
TU-100 blocks EGF receptor activation in vivo in tumors, as assessed by activating
phosphorylations in EGFr and ErbB2 in both AOM and APC M+ mouse models.
Importantly using a cell culture system, TU-100 and the ginger and ginseng did not directly
block EGF receptor activation/phosphorylation stimulated by EGF, but blocked subsequent
Akt and ERK1/2 activation. This suggests actions mediated by paracrine signals from the
stroma may be required for TU-100 to suppress activating phosphorylations in EGFR (54).
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TU-100 decreased the number of tumors and more impressively limited the sizes of tumors
in both models. This suggests that TU-100 targets growth promotion more than tumor
initiation. These two events are mediated by different mechanisms. From a chemoprevention
point of view, inhibition of tumor initiation and progression would both be beneficial. Since
colon cancers are believed to require 15-20 years to develop, however, agents that inhibit
promotion and progression theoreticaly have a wider window to interrupt the natural history
of cancer development and could be used as an intervention even years after tumor initiation.

In summary, we have show that TU-100 inhibits tumor development in two independent
models of colon cancer: the AOM carcinogen model and the AP¢c mutant Min mouse model
of hereditary colon cancer. TU-100 is a widely used natural product with well controlled and
characterized composition. Furthermore, its pharmacology, including safety and
pharmacokinetics is established. The long safety record of TU-100 use for post-operative
ileus and constipation (12, 14, 55, 56) together with our preclinical findings of
chemopreventive efficacy of TU-100, suggest that this is a potentially promising agent to test
in a clinical trial to prevent colonic polyp recurrence.

Acknowledgments

This work was supported by grants from Tsumura & Co, the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK): P30 DK42086 (EBC), DK47722 (EBC), DK097268 (EBC), CA036745 (MB), the
Samuel Freedman Research Laboratories for Gastrointestinal Cancer Research, and the University of Chicago
Comprehensive Cancer Center (P30 CA014599).

References

1. Siegel R, DeSantis C, Jemal A. Colorectal Cancer Statistics, 2014. CA: A Cancer Journal for
Clinicians. 2014; 64:9-29. [PubMed: 24399786]

2. Kopetz S, Chang GJ, Overman MJ, Eng C, Sargent DJ, Larson DW, et al. Improved survival in
metastatic colorectal cancer is associated with adoption of hepatic resection and improved
chemotherapy. J Clin Oncol. 2009; 27:3677-3683. [PubMed: 19470929]

3. VanSteenbergan LN, Elferick MA, Krijnen P, Lemmens VE, Sissling S, Rutten HJ, et al. Improved
survival of colon cancer due to improved treatment and detection: a nationwide population based
study in the Netherlands 1989-2006. Ann Oncol. 2010; 21:2206-2212. [PubMed: 20439339]

4. Piazza GA, Alberts DS, Hixson LJ, Paranka NS, Li H, Finn T, et al. Sulindac sulfone inhibits
azoxymethane-induced colon carcinogenesis in rats without reducing prostaglandin levels. Cancer
Res. 1997; 15:2909-2915.

5. Huncharek M, Muscat J, Kupelnick B. Colorectal cancer risk and dietary intake of calcium, vitamin
D, and dairy products: a meta-analysis of 26,335 cases from 60 observational studies. Nutr Cancer.
2009; 61:47-69. [PubMed: 19116875]

6. Rothwell PM, Wilson M, Elwin CE, Norrving B, Algra A, Warlow CP, et al. Long term effect of
aspirin on colorectal cancer incidence and mortality: 20-year follow-up of five randomized trials.
Lancet. 2010; 376:1741-1750. [PubMed: 20970847]

7. Rao CV, Tokumo K, Rigotty J, et al. Chemoprevention of colon carcinogenesis by dietary
administration of piroxicam, a-difluoromethylornithine, 16a-fluoro-androseten-17-one, and ellagic
acid individually and in combination. Cancer Res. 1991; 51:4528-4534. [PubMed: 1831401]

8. Lambert JD, Hong J, Yang G-Y, Liao J, Yang CS. Inhibition of carcinogenesis by polyphenols:
evidence from laboratory investigations. Am J Clin Nutr. 2005; 81:2845-2015.

9. Subramaniam D, May R, Sureban SM, Lee KB, George R, et al. Diphenyl difluoroketone: a
curcumin derivative with potent in vivo anticancer activity. Cancer Res. 2008; 68:1926-1969.

Phytother Res. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hasebe et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 10

Liu H-P, Gao Z-H, Cui S-X, Sun D-F, Wang Y, Zhao C-R, et al. Inhibition of intestinal adenoma
formation in APCmin/+ mice by riccardin D, a natural product derived from liverwort plant
Dumortiera hirsuta. PLOS ONE. 2012; 7(3):e33243. [PubMed: 22432006]

Sanchez-Tena S, Reyes-Zurita FJ, Diaz-Moralli S, Vinaredell MP, Reed M, Garcia-Garcia F, et al.
Maslinic acid enriched diet decreases intestinal tumorigenesis in APCmin/+ mice through
transcriptomic and metabolic reprogramming. PLOS ONE. 2013; 8(3):€59392. [PubMed:
23527181]

Manabe N, Camilleri M, Rao A, Wong BS, Burton D, Busciglio |, et al. Effect of daikenchuto
(TU-100) on gastrointestinal and colonic transit in human. Am J Physiol Gastrointest Liver
Physiol. 2010; 298:G970-G975. [PubMed: 20378829]

VanBree SHW, Nemethova A, Cailotto, Gomez-Pinilla PJ, Matteoli G, et al. New therapies for
postoperative ileus. Nature Rev Gastroenterol Heptaol. 2012; 9:675-683.

Endo M, Hori M, Ozaki H, Oikawa T, Hanawa T. Daikenchuto, a traditional Japanese herbal
medicine, ameliorates postoperative ileus by anti-inflammatory action through nicotinic
acetylcholine receptors. J Gastroenterol. 2013; doi: 10.1007/s00535-013-0854-6

Kono T, Kaneko A, Hira Y, Suzuki T, Chisato N, et al. Anti-colitis and adhesion effects of
daikenchuto via endogenous adrenomedullin enhancement in Crohn’s disease mouse model. J
Crohns Colitis. 2010; 4:161-170. [PubMed: 21122500]

lwasa T, Ogino H, Nakamura K, lhara E, Akiho H, et al. Feeding administration of daikenchuto
suppresses colitis induced by naive CD4* T cell transfer into SCID mice. Dig Dis Sci. 2012;
57:2571-2579. [PubMed: 22610884]

Ueno N, Hasebe T, Kaneko A, Yamamoto M, Fujiya M, Kohgo Y, et al. TU-100 (Daikenchuto) and
ginger ameliorates anti-CD3 antibody induced T cell mediated murine enteritis: microbe
independent effects involving Akt and NF-kB suppression. PLOS ONE. 2014; 5:697456.

Jin Y, Kotakdi VS, Ying L, Hofseth AB, Cui X, Wood PA, et al. American ginseng suppresses
inflammation and DNA damage associated with mouse colitis. Carcinogenesis. 2008; 29:2351—
2359. [PubMed: 18802031]

Cui X, Jin Y, Poudyal D, Chumanevich AA, Davis T, et al. Mechanistic insight into the ability of
American ginseng to suppress colon cancer associate with colitis. Carcinogenesis. 2010; 31:1734—
1741. [PubMed: 20729391]

Dougherty U, Mustafi R, Wang Y, Musch MW, Wang CZ, et al. American ginseng suppresses
Western diet-promoted tumorigenesis in model of inflammation-associated colon cancer: role of
EGFR. BMC CAM. 2011; 11:111.

Zhang Z, Du GJ, Wang CZ, Wen XD, Calway T, et al. Compound K, a ginsenoside metabolite,
inhibits colon cancer via multiple pathways including p53-p21 interactions. Int J Mol Sci. 2013;
14:2980-2995. [PubMed: 23434653]

Bae E-A, Han MJ, Choo M-K, Park S-Y, Kim D-H. Metabolism of 20(S)- and 20(R) ginsenoside
Rg3 by human intestinal bacteria and its relation to in vitro biological activities. Biol Pharm Bull.
2002; 25:58-63. [PubMed: 11824558]

Kim MK, Lee JW, Lee KY, Yang D-C. Microbial conversion of major ginsenoside Rb1 to
pharmaceutically active minor ginsenoside Rd. J Microbiol. 2005; 43:456-462. [PubMed:
16273039]

Hasegawa H, Sung J-H, Matsumiya S, Uchiyama M. Main ginseng saponin metabolites formed by
intestinal bacteria. Planta Medica. 1996; 62:453-457. [PubMed: 8923812]

Kang KA, Piao MJ, Kim KC, Zheng J, Yao CW, Cha JW, et al. Compound K, a metabolite of
ginseng saponin, inhibits colorectal cancer cell growth and induces apoptosis through inhibition of
histone deacetylase activity. Int J Oncol. 2013; 43:1907-1904. [PubMed: 24100442]

Kim AD, Kang KA, Kim HS, Kim DH, Choi YH, Lee SJ, et al. A ginseng metabolite, compound
K, induces autophagy and apoptosis via generation of reactive oxygen species and activation of
JNK in human colon cancer cells. Cell Death Dis. 2013; 4:€750. [PubMed: 23907464]

Hasegawa H, Benno Y. Anticarcinogenesis in mice by ginseng-hydrolyzing colonic bacteria.
Microbial Ecol Health Dis. 2000; 12:85-91.

Phytother Res. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hasebe et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 11

Hasegawa H. Proof of the mysterious efficacy of ginseng: basic and clinical trials: metabolic
activation of ginsenoside: deglycosylation by intestinal bacteria and esterification with fatty acid. J
Pharmacol Sci. 2004; 95:153-157. [PubMed: 15215638]

Wan J-Y, Liu P, Wang H-Y, et al. Biotransformation and metabolic profile of American ginseng
saponins with human intestinal microflora by liquid chromatography quadrupole time of flight
mass spectrometry. J Chromatog A. 2013; 1286:83-92. [PubMed: 23499252]

Wang C-Z, Du Gi J, Zhang Z, et al. Ginsenoside compound K, not Rb1, possesses potential
chemoprotective activities in human colorectal cancer. Int J Oncol. 2013; 42:1018-1026.
[PubMed: 23337959]

Kakiuchi H, Watanabe M, Ushijima T, Toyota M, Imai K, et al. Specific 5’ -GGGA-3’->5"-
GGA-3”" mutation of the APC gene in rat colon tumors induced by 2-amino-1-
methyl-6phenylimidazo[4,5-b]pyridine. Proc Nat Acad Sci USA. 1995; 92:910-914. [PubMed:
7846077]

Maltzman R, Whittington J, Driggers L, Stephens J, Ahnen D. AOM-induced mouse colon tumors
do not express full length APC protein. Carcinogenesis. 1997; 18:2435-2439. [PubMed: 9450492]
Suzuki R, Kohno H, Sugie S, Nakagama H, Tanaka T. Strain differences in the susceptibility to
azoxymethane and dextran sodium sulfate induced colon carcinogenesis in mice. Carcinogenesis.
2006; 27:162-169. [PubMed: 16081511]

Moser AR, Pitot HC, Dove WF. A dominant mutation that predisposes to multiple intestinal
neoplasia in the mouse. Science. 1990; 247:322-324. [PubMed: 2296722]

Halberg RB, Katzung DS, Hoff PD, Moser AR, Cole CE, et al. Tumorigenesis in the multiple
intestinal neoplasia mouse: redundancy of negative regulators and specificity of modifiers. Proc
Nat Acad Sci USA. 2000; 97:3461-3466. [PubMed: 10716720]

Fodde R, Smits R, Clevers H. APC, signal transduction and genetic instability in colorectal cancer.
Nature Rev Cancer. 2001; 1:55-67. [PubMed: 11900252]

Narayan S, Roy D. Role of APC and DNA mismatch repair genes in the development of colorectal
cancers. Mol Cancer. 2003; 2:41-56. [PubMed: 14672538]

Moolenbeek JC, Ruttenberg EJ. The “Swiss roll’: a simple technique for histological studies of the
rodent intestine. Lab Animals. 1981; 15:57-59.

Tuominen VJ, Ruotoistenmaki S, Viitanen AN, Jumppanen M, Isola J. ImmunoRatio: a publically
available web application for quantative image analysis of estrogen receptor (ER), progesterone
receptor (PR), and Ki-67. Breast Cancer Res. 2010; 12:R56. [PubMed: 20663194]

Takahashi M, Fukuda K, Sugimura T, Wakabayashi K. Beta-catenin is frequently mutated and
demonstrates altered cellular location in azoxymethane-induced rat colon tumors. Cancer Res.
1998; 58:42-46. [PubMed: 9426055]

Bissonnette M, Khare S, von Lintig FC, et al. Mutational and nonmutational activation of p21ras in
rat colonic azoxymethane-induced tumors: effects of mitogen-activated protein kinase,
cyclooxygenase-2, and cyclin D1. Cancer Res. 2000; 60:4602-4609. [PubMed: 10969813]

Roy H, Olusola BF, Clemens DL, et al. AKT proto-oncogene overexpression is an early event
during sporadic colon carcinogenesis. Carcinogenesis. 2002; 23:201-205. [PubMed: 11756242]
Lu Q, Jiang B, Lin C, Shan T. Dark aberrant crypt foci with activated wnt pathway are related to
tumorigenesis in the colon of AOM-treated rat. J Exp Clin Cancer Res. 2008; 27:26. [PubMed:
18681964]

Kwong LN, Dove WF. APC and its modifiers in colon cancer. Adv Exp Med Biol. 2009; 656:85—
106. [PubMed: 19928355]

DuBois RN, Radhika A, Reddy BS, Entingh AJ. Increased cyclooxygenase 2 levels in carcinogen-
induced rat colonic tumors. Gastroenterol. 1996; 110:1259-1262.

Cianchi F, Cortesini C, Fantappie O, et al. Inducible nitric oxide synthase expression in human
colorectal cancer. Am J Pathol. 2003; 162:793-801. [PubMed: 12598314]

Kojima M, Morisake T, Sasaki N, et al. Increased nuclear factor-kB activation in human colorectal
carcinoma and its correlation with tumor progression. Anticancer Res. 2004; 24:675-682.
[PubMed: 15161011]

Phytother Res. Author manuscript; available in PMC 2018 January 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hasebe et al.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Page 12

Ling H, Yang H, Tan S-H, Chui W-K, Cehew E-H. 6-shogaol, an active constituent of ginger,
inhibits breast cancer invasion by reducing matrix metalloproteinase-9 expression via blockade of
nuclear factor-kB activation. Br J Pharmacol. 2010; 161:1763-1777. [PubMed: 20718733]

Li, X-H., McGrath, KCY., Tran, VH., Li, Y-M., Duke, CC., et al. Attenuation of proinflammatory
responses by S-6-gingerol via inhibition of ROS/NF-kB/COX2 activation in HuH7 cells. Evidence
Based Compliment Altern Med. 2013. doi.org/10.1155.2013.146142

Huang HC, Chou YC, Wu CY, Chang TM. 8-gingerol inhibits melanogenesis in murine melanoma
cells through down regulation of the MAPK and PKA pathways. Biochem Biophys Res Commun.
2013; 438:375-372. 381. [PubMed: 23892040]

Elkady Al, Abuzinadah OA, Baeshen NA, Rahmy TR. Differential control of growth, apoptotic
activity, and gene expression in human breast cancer cells by extracts derived from medicinal
herbs Zingiber officinale. J Biomed Biotechnol. 2012; 2012:614356. [PubMed: 22969274]
Brahmbhatt M, Gundala SR, Asif G, Shamsi SA, Aneja R. Ginger phytochemicals exhibit synergy
to inhibit prostate cancer cell proliferation. Nutr Cancer. 2013; 65:263-272. [PubMed: 23441614]
Qiao L, Wong BC. Role of Notch signaling in colorectal cancer. Carcinogenesis. 2009; 30:1979-
1986. [PubMed: 19793799]

Mustafi R, Dougherty U, Shah H, et al. Both stromal cell and colonocyte epidermal growth factor
receptors control HCT116 colon cancer cell growth in tumor xenografts. Carcinogenesis. 2012;
33:1930-1939. [PubMed: 22791816]

Iturrino J, Camilleri M, Wong BS, et al. Randomised clinical trial: the effects of daikenchuto,
TU-100, on gastrointestinal and colonic transit, anorectal and bowel function in female patients
with functional constipation. Aliment Pharmacol Ther. 2013; 37:776-782. [PubMed: 23451764]
Yuki M, Komazawa Y, Kobayahsi Y, et al. Effects of daikenchuto on abdmonal bloating
accompanied by chronic constipation: a prospective, single center randomized open trial. Curr
Ther Res. 2015; 77:58-62. [PubMed: 27069528]

Phytother Res. Author manuscript; available in PMC 2018 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Hasebe et al. Page 13

A Colonoscopy/15 weeks B AOM treated mice 16 weeks
AIN-76A diet TU-100 diet i
' % AINT6A
- TU-100
Tumors
Ginseng
C D
pe SIS AOM treated mice 30 weeks
£ Ky . 5.0, w=AIN76A
P 1 L
o aTU-100
- 4.0
E 20 + %— " ] aGinseng
5 2
E % E 3.0 "
(= & Zz
. - 5 20
0 T -l E
AIN76A Tu-100 ¢ 1.0
(n=7) (n97)
0.0 _ - .. =l

0-2mm 2-4mm  4-6mm

Figurel.
Dietary TU-100 inhibits growth of AOM-induced colon tumors. AOM was given every two

weeks for 6 injections and colonoscopy performed at 15 weeks after the first injection (A).
Colonscopic images are representative of observations made in mice in each group at 15
weeks. Note there is more bleeding in mice given AIN76A alone. Mice were sacrificed at 15
and 30 weeks and tumor areas (designated by arrows) measured (B). Five mice per group
were used for tumor size/area (C) and counts (D) at 15 weeks. Tumor multiplicity was
similar in the AIN76A diet alone and AIN76A diet supplemented with TU-100, however, the
tumors were smaller in mice fed TU-100 (D).
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Dietary TU-100 decreases Ki-67, p-catenin staining in AOM-induced tumors. AOM-induced
tumors from mice on the AIN76A diet without and with TU-100 for 30 weeks were fixed in
formalin and paraffin sections. Sections were stained first with hematoxylin and eosin (A)
and then for Ki-67, p-catenin, or p53 and imaged as described in Methods using Pannoramic
View software (B). Images presented are from 40X magnification and length bar of 62.5um
is presented. Images shown are representative of those of tumors from four different mice.
ImmunoRatio analysis of nuclear staining is presented at the bottom from three mice, five
adenomas in each mouse. Significance values indicated were calculated using a Mann-

Whitney U test in Graph Pad Prism software.
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Figure 3.
Dietary TU-100 modulates AOM-induced epidermal growth factor receptor activation (A),

growth factor signal transduction (B), and proto-oncogene or epithelial marker (C) and
apoptosis induction (D). Protein were extracted from mucosal scrapings from mice fed
AIN76A diet (AIN or AIN76A) or supplemented with TU-100 or ginseng (Gin or Ginseng)
and where designated treated with AOM (+AOM) were analyzed by Western blotting for
designated target protein. Western blotting densitometry was analyzed for the indicated
proteins by Image J. One control (ho AOM) for each dietary condition and two samples
from AOM treated mice for each dietary group are shown. (E) RNA was analyzed by RT-
gPCR for designated targets. Representative images are shown for analysis from four mice
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on each diet without and with AOM. Densitometric values used Image J (Rasband NIH) and
significance comparisons are presented in table 1. * p < 0.05 + p < 0.01 ++ p < 0.001
compared by analysis of variance.
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Figure 4.

AINTEA TU-100

Dietary TU-100 decreases tumor size and decreases Ki-67 and p-catenin expression in
APCMIN* mice. (A) Small intestinal tumors were counted and size recorded. Four APCMIN/*
mice were in each diet group. * p < 0.05 + p < 0.01 compared by Mann-Whitney U test of
Graph Pad Prism. (B) Tumors were fixed in formalin and paraffin sections stained for Ki-67,
B-catenin, and APC. Images shown are representative of those of tumors from four different
mice. ImmunoRatio analysis of nuclear staining is presented at the bottom from three mice,
five adenomas in each mouse. Significance values indicated were calculated using a Mann-

Whitney U test in Graph Pad Prism.
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Figureb.
Dietary TU-100 suppresses activation of growth stimulatory and proto-oncogene pathways

in APC M+ mice. APC Min'* mice were fed TU-100 for 25 weeks starting 5 weeks after
birth and sacrificed at 30 weeks. For Western blot analysis, scrapings from mucosa with
tumors and adjacent normal appearing mucosa were compared using two mice in each
dietary group as shown. Images shown are representative of four mice in each group.
Densitometric values using Image J (Rasband NIH) and significance comparisons are
presented in table 2.
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TU-100 does not alter EGFR expression or activation, but blocks downstream effectors Akt
and ERK1/2 activation in human colon cancer Caco2BBE cells that were serum-deprived
and stimulated with EGF as described in Methods. Cells were pre-treated with TU-100,
ginseng, ginger or Japanese pepper (sansho) extracts, ginsenoside Rb1(Rb1), the bacterial
Rb1 metabolite compound K (Comp K), or 6-gingerol (6-G) as described in Methods. Cells
were harvested at 30 min to assess EGFR phosphorylation, 60 min to assessd Akt and 120
min to assess ERK1/2 activation. Protein lysates were analyzed for the indicated proteins by

Western blotting and images shown are representative of 4 separate experiments.

Densitometric values using Image J (Rasband NIH). * p < 0.05 + p <0.01 ++ p < 0.001

compared by analysis of variance.
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Protein
pErbB2

pEGFr
pAkt
PERK1/2
Hes-1
PCNA
cyclinD
COX-2

VEGFa

B-catenin
E-cadherin
cleaved PARP

cleaved caspase 3

AIN/no tumor
100

100
100
100
100
100
100
100

100
100

100
100

100

TU-100/no tumor
107411

98+12
95+11
102+6
103+15
98+7
108+12
113+16

95+18
99+10

106+14
100+14

100+7

Table 2
AlIN/tumor  TU-100/tumor
1209+141  ggasg5*
403+89 290486
7744201 p1+115%
911+165 3894109
360449 284227
43675 24062
494165 217+109™
814+201  3174115*
242435 206:+£22ns
677+107 329491 +*
769 9346~
344452 709468 *
306459 916+115%*

Densitometry was performed using Image J software, using adenomas from two different mice for none treated AIN without and with TU-100
setting AIN diet to 100% for each protein and averaging adenomas from two different mice for each diet but treated with AOM. Four mice were

analyzed in each group, a total of 8 adenomas for each group.

*
p<0.05

N
p<0.01

++
p < 0.001 compared with AIN/tumor by analysis of variance.
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