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® Pancreatic cancer is one of the most lethal human malignancies and
highly resistant to conventional treatment modalities such as systemic
chemo therapy and radiation therapy.

® Despite continuous efforts to improve the prognosis of patients with
pancreatic ductal adenocarcinoma, little progress has been made over
the past decades.

® A Korean herbal recipe A2 had been found to exert therapeutic effects
in pancreatic cancer patients with “Shao Yin (/'f&)” constitution
according to the oriental Sasang Constitutional Medicine (by Dr. Tae-
Young Han). However, little is known about the underlying molecular
mechanism.

® This study explores the effects of A2 on a poorly differentiated
pancreatic cancer cell line MIA PaCa-2 to elucidate the molecular
mechanism underlying its clinical effects.
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Possibility of Alternative Medicine in the Field of Pediatric Hematology-Oncolgy:
Analysis of 7 Cases of Unexpected Outcome by Modern Medicine
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Table 1. Characteristics, treatment, and outcome of patients

No.of Diagnosis nksl iwhe altematie Alternative medicine Outcome:
cases medicine started
1 Infantile fibrosarcoma Third relapse with multiple  Acupuncture twice a week  No progression of tumor for
coin lesions in both lungs 10 years
@ Recurrent fibromatosis Progression of fibromatosis Herb medication with Regression of fibromatosis
after third operation dietary control enabling surgical removal
@ Malignant peripheral Progression of enhancing Herb medication with Stable state of enhancing
nerve sheath tumor lesion of leg on MRI dietary control lesion of leg
@ Inflammatory Inoperable due to wide Herb medication with Regression of tumor and
myofibroblastic tumor gastro-intestinal involvement  dietary control stable for 7 years
@ Hepatic adenoma-multiple Liver failure waiting for liver Dietary control and exercise Improved liver function and
nodular hyperplasia transplantation decreased size of focal
nodular hyperplasia
@ Renal cell carcinoma Operation after second Dietary contraol No recurrence of tumor for
relapse 8 years
7 Chronic ITP Unresponsive to treatment Cepharanthin Complete recovery of platelet
waiting for splenectomy count
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Case. 3 Patient with pancreatic head cancer with liver
metastasis failed with TS-1, gemzar therapy
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Materials and Methods

® The herbal recipe A2 was provided by Dr. Han, Banronginsu
Oriental Medicine Clinic, Korea.

® Moderately differentiated (Suit-2) and poorly-differentiated (MIA
PaCa-2) human pancreatic cancer cells were chosen for this study.

® Cell viability was determined by SRB assay.
® The cell-cycle distribution was analyzed by flow cytometry.

® \Western blot and antibody against specific phosphorylated protein
was employed to investigate the affected signaling pathways.

® RT-PCR was used to evaluate the mRNA expression.

® Aldefluor® assays were used to analyze the cancer stem-like
ALDH+ population,



Effects of A2 on the proliferation of moderately differentiated (Suit-2) and
poorly-differentiated (MIA PaCa-2) human pancreatic cancer cells
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Phase contrast images of A2-treated MIA PaCa-2 pancreatic cancer cells
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A2 arrests the cell cycle of pancreatic cancer cells
in S phase
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A2 increases S phase percentage and induces apoptosis in
SUIT-2 pancreatic cancer cells (72 h of treatment)
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A2 increases S phase percentage and induces apoptosis in MIA
PaCa-2 pancreatic cancer cells (72 h of treatment)
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A2 decreases the cyclin A in MIA PaCa-2 pancreatic cancer cells

(72 h of treatment)
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A2 increases the CDK inhibitors (p15 and p27) in MIA PaCa-2
pancreatic cancer cells (72 h of treatment)
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A2 promotes intrinsic and extrinsic apoptotic pathways in
pancreatic cancer cells
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A2 decreases the survivin and increases of MIA PaCa-2
pancreatic cancer cells (72 h of treatment)
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A2 decreases the full length caspase-8 and increases the
cleaved caspase-8 in MIA PaCa-2 pancreatic cancer cells
(72 h of treatment)
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A2 inhibits the oncogenic signaling pathways in pancreatic
cancer cells
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A2 decreases the activities of Stat3 signaling in MIA PaCa-2 pancreatic cancer
cells (72 h of treatment)
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A2 decreases the activities of AKT signaling in MIA PaCa-2 pancreatic cancer
cells (72 h of treatment)
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A2 decreases the activities of ERK signaling in MIA PaCa-2
pancreatic cancer cells (72 h of treatment)

A2 (ng/ml) A2 (png/ml)
100 200 400 0 100 200 400

o o -

B-ACHN | G [ACHT S ———




A2 inhibits EMT and cancer stem cell traits in
pancreatic cancer cells

Epithelial status

=

esenchymal status

The epithelial-mesenchymal transition generates cells with properties of stem cells.
Cell 2008, 133(4):704-715.

Contribution of epithelial-to-mesenchymal transition and cancer
stem cells to pancreatic cancer progression. --- J Surg Res. 2012; 173:
105-12.

Pancreatic cancer cells surviving gemcitabine treatment express
markers of stem cell differentiation and epithelial-mesenchymal
transition. --- Int J Oncol. 2012; 41: 2093-102.

Chemoresistance is associated with cancer stem cell-like properties
and epithelial-to-mesenchymal transition inpancreatic cancer cells.
--- Anticancer Res. 2012; 32: 3847-3853.

Pancreatic cancer stem cells: emerging target for designing
novel therapy.
--- Cancer Lett. 2013; 338: 94-100.




Cancers 2010, 2, 2084-2097
Schematic of epithelial to mesenchymal transition (EMT)
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The epithelial-mesenchymal transition generates cells with properties of stem cells.
Cell 2008, 133(4):704-715.

A2 decreases the mesenchymal markers in MIA PaCa-2
pancreatic cancer cells (72 h of treatment)
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A2 decreases the stemness genes (Notch3, Jaggedl and EpCAM)
iIn MIA PaCa-2 pancreatic cancer cells (72 h of treatment)
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Pancreas. 2010 Jul;39(5):622-6. doi: 10.1097/MPA.0b013e3181c75f5e.
Oct4 and Nanog expression is associated with early stages
of pancreatic carcinogenesis.

Knockdown of Oct4 and Nanog expression inhibits the stemness of pancreatic cancer cells

Cancer Letters Volume 340, Issue 1, 28 October 2013, Pages 113-123




A2 decreases the Oct-4 protein in MIA PaCa-2 pancreatic cancer
cells (72 h of treatment)
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Pancreatic cancer stem cells: emerging target for designing
novel therapy.
--- Cancer Lett. 2013; 338: 94-100.




Side scatter

PLoS ONE 8(10): e78130.

Reversing the Intractable Nature of Pancreatic Cancer by Selectively
Targeting ALDH-High, Therapy-Resistant Cancer Cells

Sang Kyum Kim1*H, Honsoul Kim2, Da-hye Lee3, Tae-shin Kim3, Tackhoon Kim3, Chaeuk

Chungl, Gou Young Koh1, Hoguen Kim4, Dae-Sik Lim3*

Yonsei University, Seoul, Korea

We identified a subpopulation of cells in pancreatic ductal adenocarcinoma with cancer
stem cell features that were enriched for aldehyde dehydrogenase (ALDH), a marker

expressed in certain stem/progenitor cells.

A2 decreases the ALDH-positive cancer-stem-like cells in MIA
PaCa-2 pancreatic cancer cells (72 h of treatment)
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® Effects of A2 on novel potential therapeutic targets of
pancreatic cancer

® High SIRT1 expression is a negative prognosticator in
pancreatic ductal adenocarcinoma. BMC Cancer. 2013 Oct
2;13:450. doi: 10.1186/1471-2407-13-450.

® The c-Myc plays a significant role in the progression and
maintenance of pancreatic ductal adenocarcinoma. Cancer
Res; 73; 1821-30. 2012.




A2 decreases the potential targets for pancreatic cancer
therapy such as c-Myc and Sirtl (72 h of treatment)
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0% methyl guanine DNA methyl transferase (MGMT) is overexpressed in pancreatic
cancer, and overexpression of MGMT is known to cause drug-related resistance to
chemotherapeutic agents. --- Cancer Res. 2009 January 1; 15(1): 338-345.

06-Methylguanine DNA Methyltransferase (MGMT) Deficiency and Response to
Temozolomide-Based Therapy in Patients with Neuroendocrine Tumors
--- Cancer Res. 2009 January 1; 15(1): 338-345.

Blockade of MGMT Expression by O° Benzyl Guanine Leads to Inhibition of Pancreatic
Cancer Growth and Induction of Apoptosis --- Clin Cancer Res 2009;15(19):6087-95



A2 decreases the MGMT in MIA PaCa-2 pancreatic cancer cells
(72 h of treatment)
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MGMT: O%-Methylguanine DNA Methyltransferase

MGMT inhibition decreases survivin expression in pancreatic
cancer.-- Mol Cancer Ther, November 2013 12; A251 Abstract A251:

A2 decreases the survivin and increases of MIA PaCa-2
pancreatic cancer cells (72 h of treatment)
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Conclusions

® A2 arrests the cell cycle of pancreatic cancer cells in S phase.

® A2 promotes intrinsic and extrinsic apoptotic pathway in pancreatic cancer cells.
® A2 inhibited oncogenic signaling pathways (AKT, ERK, Stat3).

®A2 inhibits EMT & cancer stem cell traits in pancreatic cancer cells.

® A2 decreases the novel potential therapeutic targets of pancreatic cancer (Sirtl, Myc
and MGMT).

®These multiple targeting effects might be responsible for the clinical benefits
observed in A2-treated pancreatic patients.
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EMT regulation in pancreatic cancer. Some of the main drivers of EMT in pancreatic
cancer are transcription factors Snail, Slug and Zeb1, which are in turn regulated by
cytokines (NF-a) and growth factors (TGF-B) as well as microRNAs. These signaling
molecules transform non-invasive and chemo-sensitive cells into motile and invasive
chemo-resistant cells that have stem-cell-like properties.

Pancreatic Cancer and Tumor Microenvironment.
Grippo PJ, Munshi HG, editors.
Trivandrum (India): Transworld Research Network; 2012.




MULTIPLE MOLECULAR TARGETING ANTICANCER EFFECTS ON MIA-PACA-2 HUMAN PANCREATIC CANCER
CELLS BY KOREAN HERBAL RECIPE A2
Chih-Jung Yao® 2, Tae-Young Han3, Wan-Ju Chao?, Gi-Ming Lai% %4

1Division of Hematology and Medical Oncology, Wan Fang Hospital, Taipei Medical University, Taiwan
2Comprehensive Cancer Center of Taipei Medical University, Taiwan

3Banronginsu Oriental Medicine Clinic, Korea

4National Institute of Cancer Research, National Health Research Institutes, Taiwan

ABSTRACT

Purpose: A Korean herbal recipe A2 had been found to exert therapeutic effects in pancreatic cancer patients
with “Shao Yin” constitution according to the oriental Sasang Constitutional Medicine. However, little is
known about the underlying molecular mechanism. This study explores the effects of A2 on a poorly
differentiated pancreatic cancer cell line MIA PaCa-2 to elucidate the molecular mechanism underlying its
clinical effects.

Methods: The A2 was provided by Dr. Han, Banronginsu Oriental Medicine Clinic. Cell viability was
determined by SRB assay. The cell-cycle distribution was analyzed by flow cytometry. Aldefluor® assays were
used to analyze the cancer stem-like ALDH+ population. RT-PCR was used to evaluate the mRNA expression.
Western blot and antibody against specific phosphorylated protein was employed to investigate the affected
signaling pathways.

Results: After 72 h of treatment, A2 increased S phase percentage and induced apoptosis of MIA PaCa-2 cells
accompanied by caspase-3 and -8 activation and Survivin inhibition. A2 decreased not only the signaling
proteins like p-Stat3, p-AKT and p-ERK but also the potential targets for pancreatic cancer therapy such as c-
Myc and Sirtl. Moreover, consistent with the decrease of ALDH+ population, repression of stemness genes
(Notch3, Jaggedl and EpCAM) and Vimentin and Snail that related to epithelial-mesenchymal transition (EMT)
were observed in A2-treated cells.

Conclusions: During apoptosis induction in pancreatic cancer cells, A2 exerted effects on cell-cycle regulation,
signaling inhibition as well as suppression of EMT and stemness markers. These multiple targeting effects
might be responsible for the clinical benefits observed in A2-treated pancreatic patients.

Pancreatic ductal adenocarcinoma is a highly aggressive disease that invariably evades early diagnosis [2]. The
mean survival time for patients with metastatic disease is only 3—6 months, and only 20—-30% of pancreatic
cancer cases are alive after 12 months.
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Apoptosis pathway begins when an injury occurs within the cell.

® Nicotinamide prohibits proliferation and enhances chemosensitivity of pancreatic
cancer cells through deregulating SIRT1 and Ras/Akt pathways. Pancreatology, 13,
140-146, 2013.

® High SIRT1 expression is a negative prognosticator in pancreatic ductal
adenocarcinoma. BMC Cancer. 2013 Oct 2;13:450. doi: 10.1186/1471-2407-13-450.

® The c-Myc plays a significant role in the progression and maintenance of
pancreatic ductal adenocarcinoma. Cancer Res; 73; 1821-30. 2012.



J Surg Res. 2012 Mar;173(1):105-12. doi: 10.1016/].js5.2011.09.020. Epub 2011 Oct 8.
Contribution of epithelial-to-mesenchymal transition and cancer stem cells

to pancreatic cancer progression.

Krantz SB?, Shields MA, Dangi-Garimella S, Munshi HG, Bentrem DJ.

Abstract

Pancreatic adenocarcinoma remains among the most lethal of human
malignancies. Overall 5-y survival is less than 5%, and only 20% of patients
presenting with localized disease amenable to surgical resection. Even in
patients who undergo resection, long-term survival remains extremely poor. A
major contributor to the aggressiveness of multiple cancers, and pancreatic
cancer in particular, is the process of epithelial-to-mesenchymaltransition (EMT).
This review highlights the growing evidence of EMT in pancreatic

cancer progression, focusing on the contribution of EMT to the development

of cancer stem cells and on interaction of EMT with other pathways central

to cancer progression, such as Hedgehog signaling, the K-ras oncogene, and
transforming growth factor-beta (TGF-B). We will also discuss EMT-targeting
agents currently in development and in clinical trials that may help to reduce the
morbidity and mortality associated with pancreatic cancer.



Int J Oncol. 2012 Dec;41(6):2093-102. doi: 10.3892/ijo.2012.1648. Epub 2012 Oct 1.
Pancreatic cancer cells surviving gemcitabine treatment express markers of stem cell
differentiation and epithelial-mesenchymal transition.

Objective response rates to standard chemotherapeutic regimens remain low in pancreatic cancer.
Subpopulations of cells have been identified in various solid tumors which express stem cell-
associated markers and are associated with increased resistance against radiochemotherapy. We
investigated the expression of stem cell genes and markers of epithelial-mesenchymal transition

in pancreatic cancer cells that survived high concentrations of gemcitabine treatment. Capan-1 and
Panc-1 cells were continuously incubated with 1 and 10 uM gemcitabine. Surviving cells were
collected after 1, 3 and 6 days. Expression of PDX-1, SHH, CD24, CD44, CD133, EpCAM, CBX7,
OCT4, SNAIL, SLUG, TWIST, Ki-67, E-cadherin, B-catenin and vimentin were quantified by qPCR or
immunocytochemistry. Migration was assessed by wound-healing assay. SHH was knocked down
using RNA interference. Five primary pancreatic cancer cell lines were used to validate the gPCR
results. All investigated genes were upregulated after 6 days of gemcitabine incubation. Highest
relative expression levels were observed for OCT4 (13.4-fold), CD24 (47.3-fold) and EpCAM (15.9-fold)
in Capan-1 and PDX-1 (13.3-fold), SHH (24.1-fold), CD44 (17.4-fold), CD133 (20.2-fold) and SLUG
(15.2-fold) in Panc-1 cells. Distinct upregulation patterns were observed in the primary cells.
Migration was increased in Panc-1 cells and changes in the expression of E-cadherin and B-catenin
were typical of epithelial-mesenchymal transition in both cell lines. SHH knockdown reduced IC(50)
from 30.1 to 27.6 nM in Capan-1 while it strongly inhibited proli-feration in Panc-1 cells. Cells
surviving high-dose gemcitabine treatment express increased levels of stem cell genes, show
characteristics associated with epithelial-mesenchymal transition and retain their proliferative
capacity.

Anticancer Res. 2012 Sep;32(9):3847-53.

Chemoresistance is associated with cancer stem cell-like properties and epithelial-to-mesenchymal
transition inpancreatic cancer cells.

lzumiya M1, Kabashima A, Higuchi H, Igarashi T, Sakai G, lizuka H, Nakamura S, Adachi M, Hamamoto
Y, Funakoshi S, Takaishi H, Hibi T.

Author information

Abstract

BACKGROUND:

The aim of this study was to evaluate whether apoptosis-resistant cancer cells have cancer stem cell
(CSC)-like properties.

MATERIALS AND METHODS:

Panc-1 pancreatic cancer cells were incubated in the presence of 5-fluorouracil (5-FU) for 24 h, and
further incubated without 5-FU for 28 days. To assess the capacity of self-renewal, surviving cells were
planted for sphere-forming assay. Epithelial-to-mesenchymal transition (EMT) was induced with TGF-p,
then mRNA expression was evaluated by real-time PCR for E-cadherin, SNAIL, and vimentin. The E-
Cadherin protein levels were also examined by immunoblot analysis. The Local invasion ability was
analyzed by Matrigel invasion assay.

RESULTS:

The frequency of cells that were capable of initiating spheres was higher in 5-FU-pre treated cells,
which also overexpressed stem cell marker genes, OCT4 and NANOG. Matrigel invasion activity of
apoptosis-resistant Panc-1 cells was greater than that of control Panc-1 cells.

CONCLUSION:

Apoptosis-resistant cancer cells have CSC-like properties, i.e., able to initiate sphere formation, express
stem cell genes, and




Cancer Lett. 2013 Sep 10;338(1):94-100. doi: 10.1016/j.canlet.2012.03.018. Epub 2012
Mar 20.

Pancreatic cancer stem cells: emerging target for designing novel therapy.

Li Y1, Kong D, Ahmad A, Bao B, Sarkar FH.

Author information

Abstract

In the past few years, there have been significant advances in the research on cancer stem
cells (CSCs). The emerging evidences have demonstrated that CSCs and epithelial-
mesenchymal transition (EMT)-type cells, which share molecular characteristics with CSCs,
play critical roles in drug resistance, invasion, and metastasis. Pancreatic cancer (PC) has a
high mortality due to both intrinsic (de novo) and extrinsic (acquired) drug resistance,
leading to increased invasive and metastatic potential of PC cells. Therefore,

targeting pancreatic CSCs and EMT-type cells could be a novel therapeutic strategy for the
treatment of PC. In this article, we will review the current state of our knowledge on the
role of pancreatic CSCs and EMT-type cells, and summarize the novel therapeutic
strategies that could target pancreatic CSCs and EMT-type cells, leading to the reversal of
EMT phenotype, the induction of drug sensitivity, and the inhibition of invasion and
metastasis of PC, which is expected to yield better treatment outcome.
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Pancreas. 2010 Jul;39(5):622-6. doi: 10.1097/MPA.0b013e3181c75f5e.

Oct4 and Nanog expression is associated with early stages of pancreatic carcinogenesis.

Wen J%, Park JY, Park KH, Chung HW, Bang S, Park SW, Song SY.

Author information

Abstract

OBIJECTIVE:

To characterize the role of Oct4 and Nanog, two important homeobox transcription factors of
embryonic development, in pancreaticcarcinogenesis.

METHODS:

Using a tissue microarray of human pancreatic carcinoma and adjacent noncancerous tissues as
well as the N-nitrosobis(2-oxopropyl)amine-induced Syrian golden hamster pancreatic

cancer model, we characterized the expression of Oct4 and Nanog. The presence of K-ras mutation
with the time course of carcinogenesis in hamster model was also evaluated.

RESULTS:

Oct4 expression in metaplastic ducts was significantly stronger than in normal acini

and pancreatic carcinoma (P < 0.05). Of 24 cases, 19 (79.2%) showed a strong Oct4 expression in
metaplastic ducts. In contrast, only 6 (19.4%) of 31 cancer tissues and 3 (16.7%) of 18 noncancer
tissues showed a strong Oct4 expression. Nanog also showed similar patterns as Oct4. Restriction
fragment length polymorphism-polymerase chain reaction showed the overt K-ras mutation after
the expression of Oct4 in the hamster model.

CONCLUSIONS:

The strong expression of Oct4 and Nanog in metaplastic ducts and Oct4 expression preceding Ras
mutation suggests that these homeobox transcription factors are associated with the early stage
of pancreatic cancer carcinogenesis and may play an important role in that process.

Knockdown of Oct4 and Nanog expression inhibits the stemness of pancreatic cancer cells

Cancer Letters Volume 340, Issue 1, 28 October 2013, Pages 113-123

Pancreatic cancer is notorious for its difficult diagnosis at early stage and poor recurrence-
free prognosis. This study aimed to investigate the possible involvement of Oct4 and
Nanog in pancreatic cancer. The high expressions of Oct4 and Nanog in human pancreatic
cancer tissues were found to indicate a worse prognostic value of patients. The pancreatic
cancer stem cells (PCSCs) that isolated from PANC-1 cell line by flow cytometry exhibited
high expressions of Oct4 and Nanog. To investigate whether Oct4 and Nanog play crucial
role in maintaining the stemness of PCSCs, double knockdown of Oct4 and Nanog
demonstrated that Oct4 and Nanog significantly reduced proliferation, migration, invasion,
chemoresistance, and tumorigenesis of PCSCs in vitro and in vivo. The altered expression
of the genes related to pancreatic carcinogenesis, metastasis, drug resistance and
epithelial-mesenchymal transdifferentiation (EMT) might affect the biological
characteristics of PCSCs. Our results suggest that Oct4 and Nanog may serve as a potential
marker of prognosis and a novel target of therapy for pancreatic cancer.



Pancreas. 2010 Jul;39(5):622-6. doi: 10.1097/MPA.0b013e3181c75f5e.
Oct4 and Nanog expression is associated with early stages
of pancreatic carcinogenesis.

Knockdown of Oct4 and Nanog expression inhibits the stemness of pancreatic cancer cells

Cancer Letters Volume 340, Issue 1, 28 October 2013, Pages 113-123

EMT (epithelial to mesenchymal transition) inhibition?
Cancer stem cell elimination?
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Oct4 and Nanog expression is associated with early stages
of pancreatic carcinogenesis.

Knockdown of Oct4 and Nanog expression inhibits the stemness of pancreatic cancer cells

Cancer Letters Volume 340, Issue 1, 28 October 2013, Pages 113-123
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Blockade of MGMT Expression by O6 Benzyl Guanine
Leads to Inhibition of Pancreatic Cancer Growth and
Induction of Apoptosis ---Clin Cancer Res 2009;15(19):6087-95.

Purpose: We sought to determine whether administration of a MGMT blocker, O6-

benzyl guanine (O6BG), at an optimal biological dose alone or in combination with

gemcitabine inhibits human pancreatic cancer cell growth.

Experimental Design: Human pancreatic cancer L3.6pl and PANCL1 cells were treated

with O6BG, either alone or in combination with gemcitabine, and the therapeutic efficacy

and biological activity of these drug combinations were investigated.

Results: O6BG sensitized pancreatic cancer cells to gemcitabine. Protein and mRNA expression
of MGMT, cyclin B1, cyclin B2, cyclin A, and ki-67 were significantly decreased

in the presence of O6BG. In sharp contrast, protein expression and mRNA message of

p21cipl were significantly increased. Interestingly, O6BG increases p53-mediated p21cipl
transcriptional activity and suppresses cyclin B1. In addition, our results indicate that

p53 is recruited to p21 promoter. Furthermore, an increase in p21cipl and a decrease in

cyclin transcription are p53 dependent. The volume of pancreatic tumors was reduced

by 27% in mice treated with gemcitabine alone, by 47% in those treated with O6BG

alone, and by 65% in those mice given combination. Immunohistochemical analysis

showed that O6BG inhibited expression of MGMT and cyclins, and increased expression

of p21cipl. Furthermore, there was a significant decrease in tumor cell proliferation

and an increase in tumor cell apoptosis. Conclusions: Collectively, our results show that decreased
MGMT expression is correlated with p53 activation, and significantly reduced primary pancreatic
tumor growth. These findings suggest that O6BG either alone or in combination with gemcitabine may
provide a novel and effective approach for the treatment of human pancreatic cancer.
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Pancreas. 2012 Oct;41(7):1039-47. doi: 10.1097/MPA.0b013e31824b22a2.

Selective induction of apoptosis and autophagy through treatment with dandelion root extract in hu
manpancreatic cancer cells.

Ovadje P, Chochkeh M, Akbari-Asl P, Hamm C, Pandey S.

Author information

Abstract

OBIJECTIVES:

Pancreatic cancer has a 100% mortality rate; the aim of this study is to evaluate the efficacy

of dandelion root extract (DRE) in inducing apoptosis and autophagy in aggressive and

resistant pancreatic cancer cells.

METHODS:

The effect of DRE was evaluated using WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-
1,3-benzene disulfonate) assay. Apoptotic cell death was confirmed by nuclear condensation by
Hoechst staining and externalization of phosphatidylserine to the outer leaflet of the plasma
membrane by Annexin-V binding assay. Loss of mitochondrial membrane potential was observed using
the JC-1 (5,5',6, 6'-tetrachloro-1,1',3,3' tetraethylbenzimidazolylcarbocyanine iodide) dye.

The induction of autophagy was detected using a monodansylcadaverine assay and this was confirmed
by immunofluorescence for light chain 3-II.

RESULTS:

BxPC-3 and PANC-1 pancreatic cells were sensitive to aqueous DRE.

This extract induces selective apoptosis in a dose- and time-dependent

manner. Dandelion root extract caused the collapse of the mitochondrial membrane potential, leading
to prodeath autophagy. Normalhuman fibroblasts were resistant at similar doses.

CONCLUSIONS:

We demonstrate that DRE has the potential to induce apoptosis and autophagy in human pancreatic
cancer cells with no significant effect on noncancerous cells. This will provide a basis on which further
esearch in cancer treatment through DRE can be executed.
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Selective induction of apoptosis and autophagy through treatment with dandelion root extract in h
umanpancreatic cancer cells.

Ovadje P?, Chochkeh M, Akbari-Asl P, Hamm C, Pandey S.

Author information

Abstract

OBIJECTIVES:

Pancreatic cancer has a 100% mortality rate; the aim of this study is to evaluate the efficacy

of dandelion root extract (DRE) in inducing apoptosis and autophagy in aggressive and

resistant pancreatic cancer cells.

METHODS:

The effect of DRE was evaluated using WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-
1,3-benzene disulfonate) assay. Apoptotic cell death was confirmed by nuclear condensation by
Hoechst staining and externalization of phosphatidylserine to the outer leaflet of the plasma
membrane by Annexin-V binding assay. Loss of mitochondrial membrane potential was observed
using the JC-1 (5,5',6, 6'-tetrachloro-1,1',3,3' tetraethylbenzimidazolylcarbocyanine iodide) dye.

The induction of autophagy was detected using a monodansylcadaverine assay and this was
confirmed by immunofluorescence for light chain 3-II.

RESULTS:

BxPC-3 and PANC-1 pancreatic cells were sensitive to agueous DRE.

This extract induces selective apoptosis in a dose- and time-dependent

manner. Dandelion root extract caused the collapse of the mitochondrial membrane potential,
leading to prodeath autophagy. Normalhuman fibroblasts were resistant at similar doses.
CONCLUSIONS:

We demonstrate that DRE has the potential to induce apoptosis and autophagy in human pancreatic
cancer cells with no significant effect on noncancerous cells. This will provide a basis on which further
research in cancer treatment through DRE can be executed.
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MULTIPLE MOLECULAR TARGETING ANTICANCER EFFECTS ON MIA-PACA-2 HUMAN PANCREATIC CANCER
CELLS BY KOREAN HERBAL RECIPE A2
Chih-Jung Yao® 2, Tae-Young Han3, Wan-Ju Chao?, Gi-Ming Lai% %4

1Division of Hematology and Medical Oncology, Wan Fang Hospital, Taipei Medical University, Taiwan
2Comprehensive Cancer Center of Taipei Medical University, Taiwan

3Banronginsu Oriental Medicine Clinic, Korea

4National Institute of Cancer Research, National Health Research Institutes, Taiwan

ABSTRACT

Purpose: A Korean herbal recipe A2 had been found to exert therapeutic effects in pancreatic cancer patients
with “Shao Yin” constitution according to the oriental Sasang Constitutional Medicine. However, little is
known about the underlying molecular mechanism. This study explores the effects of A2 on a poorly
differentiated pancreatic cancer cell line MIA PaCa-2 to elucidate the molecular mechanism underlying its
clinical effects.

Methods: The A2 was provided by Dr. Han, Banronginsu Oriental Medicine Clinic. Cell viability was
determined by SRB assay. The cell-cycle distribution was analyzed by flow cytometry. Aldefluor® assays were
used to analyze the cancer stem-like ALDH+ population. RT-PCR was used to evaluate the mRNA expression.
Western blot and antibody against specific phosphorylated protein was employed to investigate the affected
signaling pathways.

Results: After 72 h of treatment, A2 increased S phase percentage and induced apoptosis of MIA PaCa-2 cells
accompanied by caspase-3 and -8 activation and Survivin inhibition. A2 decreased not only the signaling
proteins like p-Stat3, p-AKT and p-ERK but also the potential targets for pancreatic cancer therapy such as c-
Myc and Sirtl. Moreover, consistent with the decrease of ALDH+ population, repression of stemness genes
(Notch3, Jaggedl and EpCAM) and Vimentin and Snail that related to epithelial-mesenchymal transition (EMT)
were observed in A2-treated cells.

Conclusions: During apoptosis induction in pancreatic cancer cells, A2 exerted effects on cell-cycle regulation,
signaling inhibition as well as suppression of EMT and stemness markers. These multiple targeting effects
might be responsible for the clinical benefits observed in A2-treated pancreatic patients.
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* A2 increases S phase percentage and induces
apoptosis of MIA PaCa-2 cells

A2 decreases the oncogenic signaling in MIA
PaCa-2 cells after 72 h of treatment



* A2 decreases the novel potential targets for
pancreatic cancer therapy such as c-Myc, Sirtl
and MGMT.

e A2 inhibits EMT in MIA PaCa-2 cells



» A2 decreases the ALDH-positive cancer-
stem-like cells in MIA PaCa-2 pancreatic
cancer cells
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Licochalcone A induces apoptosis in KB human oral cancer cells via a caspase-

dependent Fasl signalingpathway.

Kim JS!, Park MR?, Lee SY?, Kim do K%, Moon SM?, Kim CS?2, Cho SS3, Yoon G3, Im HJ4, You JS°, Oh
JSL, Kim SG1.

Author information

Abstract

Licochalcone A (Lico-A) is a natural phenol licorice compound with multiple bioactivities, including
anti-inflammatory, anti-microbial, anti-fungal and osteogenesis-inducing properties. In the present
study, we investigated the Lico-A-induced apoptotic effects and examined the

associated apoptosispathway in KB human oral cancer cells. Lico-A decreased the number of
viable KB oral cancer cells. However, Lico-A did not have an effect on primary

normal human oral keratinocytes. In addition, the IC50 value of Lico-A was determined to be ~50
UM following dose-dependent stimulation.KB oral cancer cells stimulated with Lico-A for 24 h
showed chromatin condensation by DAPI staining, genomic DNA fragmentation by agarose gel
electrophoresis and a gradually increased apoptotic cell population by FACS analysis. These data
suggest that Lico-A induces apoptosis in KB oralcancer cells. Additionally,

Lico-A-induced apoptosis in KB oral cancer cells was mediated by the expression of factor
associated suicide ligand (FasL) and activated caspase-8 and -3 and poly(ADP-ribose) polymerase
(PARP). Furthermore, in the KB oral cancer cells co-stimulation with a caspase inhibitor (Z-VAD-fmk)
and Lico-A significantly abolished the apoptotic phenomena. Our findings demonstrated that
Lico-A-induced apoptosisin KB oral cancer cells involves the extrinsic apoptotic signaling pathway,
which involves a caspase-dependent FasL-mediated death receptorpathway. Our data suggest that
Lico-A be developed as a chemotherapeutic agent for the management of oral cancer.
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The cell cycle distribution of DU145 cells treated with food A2 for 72h
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The cell cycle distribution of PC3 cells treated with food A2 for 72h
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7. Autophagy Signaling pathway 103.06.13
A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

A2 Dose (72h) in MIA Pa Ca-2(P) A2 Dose (72h) in MIA Pa Ca-2(P)

0O 100 200 400 ug/mL O 100 200 400 ug/mL
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Cytotoxic activity of A2 drug in SUIT-2
and MIA-Ca Pa-2 | pancreatic cancer for 48 and 72hr

—&—— A2vs SUIT2-48h
A2 vs SUIT2-72h

A2 vs MIA-48h
—~~ A2 vs MIA-72h
S
>
=
=
O
>
©
@)
0 1CI)O Z(I)O 3(I)0 4(I)0
A2 concentration (ug/mL)
102.06.26
3-2. A2¥} SUIT-2 BEERIESHERE Y Cell cycle-72/\IG 2 2.
Treatment Cell-cyde distribution
Ty snb-G1 Phase G051 Phase(%) 5 Phase(%) G2 Phase( %)
Mean sD Mean S0 Mean S0 Mean S0
A2-0 ug_a" mL 0.67 0.14 56.71 1.9 15.92 017 20.29 116

A2-50ug/mL | 115 | 005 | 5002 | 076 | 2431 | 004 | 2509 | 049
A2-100ug/mL | 129 | 015 | 4749 | 016 | 2602 | 016 | 2991 | 058
A2-200ug/mL | 300 | 008 | 4113 | 006 | 2454 | 052 | 2674 | 008
A2-300ug/mL | 402 | 047 | 4403 | 183 | 2949 | 030 | 218 | 202
A2-400ug/mL | 1975 [ 000 | 4608 | 000 | 2440 | 000 | 1062 | 040

3-3. A2¥} MIA Ca Pa-2 fEREAHIEME Cell cycle-72/\EF 2 2.

Treatment AZSMIA-Ca Pa-2 7 Cell-cyde distribution
790y Sub-(3] Phasz G0/G1 Phase(%) 5 Phase(%) G2/M Phase(%)
Mean 5D Mean 3D Mean 5D Mean 5D
A2-0 ug/mL 234 032 58.87 0.72 1922 0.79 1927 033
A2-50 ug/mL 259 024 52.81 0.A7 19,58 338 23.52 0.71
A2-75 ug/mL 425 0.49 54.78 314 2079 0.09 20.66 307
A2-100 ug/mL 124 0.16 35.63 0.69 3B.05 057 25.76 0.58
A2-200 ug/mL 2493 am 31.56 1.08 26.01 323 12.45 346




ALDH activity of A2 drug in MIA-Ca Pa-2
pancrease cancer for 72hr

25 q

N 1.A2-Oug/mL-72h

B 2.A2-100ug/mL-72h
BN 3.A2-200ug/mL-72h
B8 4.A2-300ug/mL-72h
B 5.A2-400ug/mL-72h

20 A

15 A

10 A

ALDH (Aldehyde dehydrogenase (%)

Oug/mL 100 ug/mL 200 ug/mL 300 ug/mL 400 ug/mL

A2 Concentration(ug/mL)

Oug/mL | 100ug/mL | 200ug/mL | 300ug/mL | 400ug/mL

ALDH (%) 19.991t1.31 19.47+t0.35 17.34%0.74 7.34£0.01 6.35%0.64

1-2. Stem cell marker 102.08.08

ELiRA28EY#SUIT2(P ) EAMIA-Ca Pa2(P)fEREE72h78 2 mRNA 455

A2 (ug/mL) in Pancrese cell

A2 Dose (72h) in SUIT2(P) A2 Dose (72h) in MIA Ca Pa-2

0 100 200 300 ug/mL 0 100 200 300 ug/mL
oce [l 0 [
13 [ 0133




1-4. Stem cell marker 102.08.26

ELEFA2ZEY7E1SUIT-2(P ) BAMIA Ca Pa-2(P)fEBIE72h 2 mRNA 455

A2 (ug/mL) in SUIT2 cell

A2 Dose (72h) in SUIT-2(P) A2 Dose (72h) in MIA Ca Pa-2(P)
0 100 200 300 ug/mL 0 100 200 300 ug/mL
epcam [ = [

3-2. B -catenin pathway 102.08.26

ELERA2EEY34SUIT-2(P ) BEHMIA Ca Pa-2(P)BEREE72h mRNA 455

A2 (ug/mL) in SUIT2 cell

A2 Dose (72h) in SUIT-2(P) A2 Dose (72h) in MIA Ca Pa-2(P)
100 200 300 ug/mL 0 100 200 300 ug/mL

Cyclin D1

Cyclin D1

C-myc C-myc

GSK-3b GSK-3b

TCF-4 TCF-4

GAPDH GAPDH




102.08.15

2-2. Notch pathway
ELEFA2ZEY7E1SUIT-2(P ) BAMIA Ca Pa-2(P)fEBIE72h 2 mRNA 455

A2 (ug/mL) in SUIT2 cell

A2 Dose (72h) in SUIT-2(P) A2 Dose (72h) in MIA Ca Pa-2(P)
0 100 200 300 ug/mL 0 100 200 300 ug/mL

Notch2 Notch2

Notch3 Notch3

Jagged1 Jagged1

GAPDH GAPDH

102.08.28

5-2. EMT pathway

ELERrAEEHEFSUIT-2(P ) EEMIA Ca Pa-2(P)fEfigE72h 2 mRNA 4558
A2 (ug/mL) in SUIT2 cell

A2 Dose (72h) in SUIT-2(P) A2 Dose (72h) in MIA Ca Pa-2(P)
.. .0 100 200 300 ug/mlL 0 100 200 300 ug/mL
Epithclial marker

E-Cadherin E-Cadherin

Mucin-1 Mucin-1

Mesenchymol marker

Vimetin m Vimetin
siug [ ——— !¢
rwist [ v
snail  [[E——
GAPDH m GAPDH




1-1. EMT marker (2% 102.09.11

2.Vimetin A2 (ug/mL) in SUIT2 cell

A2 Dose (72h) in SUIT2(SP) A2 Dose (72h) in SUIT2(ALDH+)

0O 100 200 300 wug/mL 0 100 200 300 ug/mL

m L

A2 Dose (72h) in SUIT2(P) A2 Dose (72h) in MIA Ca Pa-2
0 100 200 300 ug/mL 0 100 200 300 ug/mL
-
Vimetin
102.08.26
4-1. CCL22

1.EEESA2EEYETSUIT-2(P ) BSUIT-2(ALDH+) FEBBIE72h 2 mRNA 45
A2 (ug/mL) in SUIT2 cell

A2 Dose (72h) in SUIT-2(P) A2 Dose (72h) in SUIT-2(ALDH+)
0O 100 200 300ug/mL 0O 100 200 300 ug/mL
CCL22 CCL22
GAPDH GAPDH

2.ELEEA2EE B SUIT-2(P ) BEHMIA Ca Pa-2(P)RERBIE72h 2 mRNA 455E.:
A2 (ug/mL) in SUIT2 cell

A2 Dose (72h) in SUIT-2(P) A2 Dose (72h) in MIA Ca Pa-2(P)
0O 100 200 300 ug/mL 0O 100 200 300 ug/mL
cz - -
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1. EMT Signaling pathway 102.11.18
A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

A2 Dose (72h) in MIA Pa Ca-2(P)
0O 100 200 400 wug/mL

Mesenchymol marker
Vimetin

Snail

Epithclial marker

E-Cadherin

Al T e
AN o e s e
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2. Transcription protein Signaling pathway 102.12.03

A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

A2 Dose (72h) in MIA Pa Ca-2(P) A2 Dose (72h) in MIA Pa Ca-2(P)

0O 100 200 400 ug/mL 0O 100 200 400 wug/mL

P-P70 S6

s IR T on

B-Actin .
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~3. Notch pathway + Self renewal 102.11.28
A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

A2 Dose (72h)in MIA(P) A2 Dose (72h)in MIA (P) A2 Dose (72h) in MIA (P)
0 100 200 400 0 100 200 400 0 100 200 400

Notchl Notch2

300
270

120

SIRT1 |
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~4-1. Caspase pathway 102.11.28
A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

B-Actin

A2 Dose (72h) in MIA Pa Ca-2(P)
0 100 200 400 ug/mL

70
57 Full Length Caspase-8
Caspase-8
40 43 Cleaved Caspase-8
p43
Caspase-3

19 Cleaved Caspase-3
17 (Asp175)
| —— — —

B-Actin



1AERE A2 Z8Y7$MIA Pa Ca-2(P) BB FZ ARV E:
~ 4-2. cell cycle ,Proliferation,Antiapoptic pathway 102.12.03
A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

A2 Dose (72h) in MIA Pa Ca-2(P)
0O 100 200 400 wug/mL

Survivin " Survivin (i l)
- BID (/1) ~22 kDa
— Cleaved BID (i)j[[T) 15kDa

L e ——
B-Actin

1. A2 R i AR (MIA Pa Ca-2)R 2 2L
A B e R A2

Protein expreassion

1. SIRT1
2. C-MYC

Cell: 1. MIA Pa Ca-2 (P)

Drug : A2

Dose:0 ~ 100ug/mL

Time:4 ~ 8 ~ 16 ~ 24 ~ 48 ~ 72h

103.01.13w1



103.01.13w1

1. FERE A2 EYE MIA(P)EEE AR E 72hr(102.12.28. WA ), Protein £: 10 ug/10 ul(lug/1lul)

A2 in MIA PaCa-2(P) Cell

Time 4hr 8hr

16hr 24hr 48hr

M Bug/mL 188ug/mL Bug/mL 188ug/mL

Bug/mL 188ug/mL Qug/mL 188ug/mL Bug/mL 188ug/mL M

6 ulL 10 ul 10 ulL 10 ul 18 uL

10 ulL 10 ulL 10 ul 10 ul 18 ulL 10 ul 6 ulL

3. B-Actin

A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

4hr 8hr

16hr 24hr 48hr 72hr

0O 100 0 100 O

100 0 100 O 100 0 100

T —— — — ——————— =

o - i s -
- g - -

1. A255 iR ey 4l (MIA Pa Ca-2)RVs2 &

A [EIRF R pRE

A2

Protein expreassion

1. SIRT1
2. C-MYC

Cell: 1. MIA Pa Ca-2 (P)
Drug : A2

Dose:0 ~ 50 ~ 100ug/mL
Time: 72h

Cell: 1. MIA Pa Ca-2 (P)

Drug : A2

Dose:0 ~ 100 ~ 200u ~ 400 ug/mL
Time: 72h

103.01.13w1



103.01.13w1

A2 in MIAPaCa-2(P) Cell

72hr 72hr
Bug/mL SBug/mL 188ug,/ mL Bug/mL 188ug/mL 288ug/mL 488ug,/mL
19 ulL 10 ulL 19 ulL 10 ulL 10 ulL 10 ulL 10 ulL

A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell

A2 Dose (72h) in MIA Pa Ca-2(P) A2 Dose (72h) in MIA Pa Ca-2(P)
50 100 ug/mL 0 100 200 400 ug/mL
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~4-1. Caspase pathway

A2 (ug/mL) in MIA Pa Ca-2(P) Pancrease cell
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Abstract A251: MGMT inhibition decreases

survivin expression in pancreatic cancer.

George C. Bobustucl, Anand Patel2, Michael Thompsonl,

Srivenugopal S. Kalkunte3, Jacob Frickl, James Weesel, and Santhi D. Konduril

Author Affiliations

Abstract

Survivin is an antiapoptotic gene negatively regulated by p53 tumor suppressor. Survivin is
overexpressed in human cancers and one of its functions is to reduce the efficacy of
chemotherapy. We report that O6-benzylguanine (BG), a potent inhibitor of MGMT (O6-
methyl guanine DNA methyl transferase), a DNA repair protein, curtails the expression of
survivin in pancreatic cancer cells. We also show that BG, either alone or in combination
with gemcitabine, inhibits survivin and PCNA expression both at the mRNA and protein
levels in Pancl and L3.6pl cells. Further, BG, either alone or in combination with
gemcitabine, significantly decreases survivin promoter activity in these cells. We also
show that these combinations decrease survivin protein expression in pancreatic tumors
derived from orthotopic xenografts developed in nude mice. Immunohistochemistry
confirms the reduced expression of survivin and PCNA in tumor sections after BG or BG
plus gemcitabine treatments. We also show the enhanced recruitment of p53 protein to
the survivin promoter in BG-treated pancreatic cancer cells. Further, BG promotes p53
function leading to growth inhibition. Taken together our data suggests that BG induced
partial restoration of p53 activity suppresses survivin function and enhances gemcitabine

_f£C_ . —at

Most pancreatic patients were treated with A2 combined with chemotherapy agents
such as gemcitabine and cisplatin

The EFFECTS of A2 on MGMT, Myc and SIRT1 lead to chemosensitization?
Provide the underlying mechanism for the clinical effects?

24. Isacoff WH, Moss RA, Pecora AL, Fine RL. Temozolomide/capecitabine therapy for
metastatic neuroendocrine tumors of the pancreas. A retrospective review. J Clin
Oncol, ASCO Annual meeting proceedings part |. 2006;24:14023.

25. F D, Fine RL, Schreibman SM. Effective treatment of neuroendocrine tumors with
temozolomide and capecitabine. J Clin Oncol, ASCO Annual meeting

proceedings. 2005;23:4216.



SIRT1 RNAi knockdown induces apoptosis and senescence, inhibits invasion and
enhances chemosensitivity in pancreatic cancer cells

Gene Therapy 18, 920-928 (September 2011) | doi:10.1038/gt.2011.81

The NAD+-dependent deacetylase, sirtuin 1 (SIRT1), has been recently been suspected to have a role
in tumorigenesis. We investigated the expression of SIRT1 in pancreatic cancer and the effect of
SIRT1-targeted RNA interference (RNAI) on cell proliferation and tumor formation in a pancreatic
cancer cell line, PANC1. The expression of SIRT1 was investigated in 49 specimens of pancreatic cancer
and adjacent normal pancreatic tissues. SIRT1 was overexpressed in pancreatic cancer tissues at both
the mRNA and protein levels, with increased SIRT1 positivity associated with tumors from patients
over 60 years old, tumors larger than 4 cm, higher TNM (extent of tumor (T), the extent of spread to
lymph nodes (N), and presence of distant metastasis (M)) stage or the presence of lymph node or
hepatic metastases. The PANC-1 was stably transfected with a SIRT1 small hairpin RNA (shRNA)
expression plasmid and compared with untransfected and PANC-1-negative RNAI cells. Proliferation of
PANC-1-SIRT1-RNAi cells was significantly reduced, accompanied by increased rates of apoptosis, G1
arrest and senescence. Furthermore, FOXO3a expression was markedly upregulated in PANC-1-SIRT1-
RNAIi cells, but no significant difference in p53 expression was observed. The invasive ability of PANC-
1-SIRT1-RNAi cells was markedly reduced in vitro, which was linked to increased E-cadherin and
reduced-MMP expression. Additionally, PANC-1-SIRT1-RNAi cells had a significantly reduced capacity
to form tumors in vivo compared with untransfected and PANC-1-negative RNAI cells. These results
suggest that SIRT1 may promote cell proliferation and tumor formation in pancreatic cancer, and
downregulation of SIRT1 using shRNA could provide a novel therapeutic treatment.

1.

MGMT inhibition restores ERa functional sensitivity to antiestrogen therapy.

Bobustuc GC, Smith JS, Maddipatla S, Jeudy S, Limaye A, Isley B, Caparas ML, Constantino
SM, Shah N, Baker CH, Srivenugopal KS, Baidas S, Konduri SD.

Mol Med. 2012 Sep 7;18:913-29. doi: 10.2119/molmed.2012.00010. Erratum in: Mol Med.
2012;18: doi/10.2119/molmed.2012.00006.erratum.

PMID: 22549111 [PubMed - indexed for MEDLINE] Free PMC Article
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Mechanisms of estrogen receptor antagonism toward p53 and its implications in breast
cancer therapeutic response and stem cell regulation.

Konduri SD, Medisetty R, Liu W, Kaipparettu BA, Srivastava P, Brauch H, Fritz P, Swetzig WM,
Gardner AE, Khan SA, Das GM.

Proc Natl Acad Sci U S A. 2010 Aug 24;107(34):15081-6. doi: 10.1073/pnas.1009575107.
Epub 2010 Aug 9.
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