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Screening for Identification of Personalized Food to Promote
Adiponectin Secretion in Patients with Cancer

MIKI SAKAUE!, KAZUHISA MAEDA?, SATOSHI OHNO' and TOSHINORI ITO!

IDepartment of Integrative Medicine, Osaka University Graduate School of Medicine, Osaka, Japan;
2Kitasenri Maeda Clinic, Suita, Japan

Abstract. Background/Aim: Adiponectin is secreted
specifically from adipose tissue. Low serum adiponectin
levels may cause metabolic syndrome, which is also a risk
factor for carcinogenesis. Several studies have suggested a
negative correlation between adiponectin and risk of
cancers. This study examined the adiponectin secretion-
promoting effect of food ingredients in adipose-derived stem
cells (ADSCs) obtained from patients with cancer. Patients
and Methods: ADSCs from 7 lifestyle disease cancer patients
were differentiated into adipocytes. Subsequently, the
adipocytes were treated with 49 food constituents. The
adiponectin levels in cell culture supernatants were
measured after 48 and 96 h. Results: Soy genistein extract,
lychee low-molecular-weight polyphenol, olive extract and
turmeric promoted adiponectin secretion. Conclusion: Food
constituents that promoted adiponectin secretion were
identified using ADSCs derived from patients. This study
suggested the possibility of a new treatment approach to
prevent cancer recurrence.

Obesity is increasing around the world. It is a serious global
problem. According to a global (188 countries) survey, in
2013, the proportion of adults with obesity (body mass index
(BMI) >25) was 37% in men and 38% in women (1), which
is about 10% more than that in 1980. The relationship
between obesity and metabolic syndrome is one of the risk
factors for cancer, as well as cardiovascular diseases and
diabetes. Obesity is associated with the development of
esophageal, pancreatic, rectal, breast and prostate cancers
(2). Adiponectin is an adipocytokine secreted by adipocytes
(3, 4). Several studies have suggested a negative correlation
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between adiponectin and risk of cancer (5, 6). Decreased
serum adiponectin is a risk factor for the development of
cancers, such as breast (7, 8, 9), endometrial (10), prostate
(11), colon (12) and stomach cancer (13). These cancers are
known as “lifestyle disease-type cancers”. Inflammatory
cytokines, such as human tumor necrosis factor (TNF)-o and
interleukin (IL)-6, are secreted by matured adipocytes and
induce insulin resistance and atherosclerosis (14-16).
Interestingly, serum adiponectin levels are decreased by
accumulation of visceral fat in patients with metabolic
syndrome (17). Adiponectin has anti-inflammatory effects
that improve glucose intolerance and dyslipidemia.
Furthermore, there is also a negative correlation between the
blood adiponectin concentration and development of
cardiovascular diseases. Therefore, an increase in the blood
adiponectin concentration may prevent the lifestyle disease
associated with obesity.

Recently, dietary supplements have been widely used as
one of the preventive medical approaches. However, the
safety and efficacy of some supplements remains unknown.

Some food constituents may inhibit the metabolic
syndrome. Yasueda et al. investigated the dietary anti-obesity
supplements used in the Japanese market. They found
clinical evidence of anti-obesity efficacy only for 11 dietary
supplements (18).

Recently, we developed a screening system based on
adipose-derived stem cells (ADSCs) (19) with enhanced
adiponectin selection capability. In the present study, the
ADSCs screening system was used to identify the drug and
dietary supplement ingredients that promote adiponectin
secretion.

Patients and Methods

Adipose tissue was obtained from 7 cancer patients with lifestyle
diseases during prostate, colon and pancreatic surgery (Table I).
ADSCs were isolated as reported previously (20). Briefly, tissues
were washed several times in phosphate buffered saline (PBS). After
removal of other tissues, such as blood vessels, the adipose tissue
was minced. They were digested with type 2 collagenase (0.1%,
Sigma-Aldrich, St. Louis, MO, USA) solution for 1 h in a 37°C
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Table 1. Sources of the adipose tissue used to isolate adipose-derived
stem cells (ADSCs).

Gender Age BMI (kg/m?2) Cancer type

Table I1. Results of screening 49 samples. Items from the above list that
can be disclosed due to protocol’s regulations are: soy genistein extract
(no. 9), lychee low-molecular-weight polyphenol (no. 13), olive extract
(no. 31) and turmeric (no. 45).

Case 1 Male 59 252 Prostate
Case 2 Female 42 314 Colon
Case 3 Male 78 24.5 Colon
Case 4 Male 64 249 Colon
Case 5 Male 65 25.6 Colon
Case 6 Male 63 254 Prostate
Case 7 Male 64 25.6 Pancreatic

water bath under constant shaking. Subsequently, the digested
tissues were filtered using a mesh filter (100 um, 70 pm and 40 pm;
BD Falcon, MA, USA) and centrifuged to isolate ADSCs. The
isolated ADSCs were placed in a 100-mm culture dish and
incubated at 37°C in a humidified 5% CO, atmosphere. They were
cultured in a pre-adipocyte medium (PM-1®, Zen-bio, Inc, NC,
USA). For assay, ADSCs were placed in 96-well plates and grown
to confluence. For differentiation into adipocytes, ADSCs were
cultured in an adipocyte differentiation medium (DM-2, Zen-bio®).
After culturing for 8 days, cells were placed in another medium
(DMEM/Ham’s F-12 with L-Gln, sodium pyruvate and HEPES;
Nacalai Tesque Inc., Kyoto, Japan) and treated with food
constituents for 48 and 96 h (Figure 1). Adiponectin levels of cell
supernatants after 48 and 96 h were measured using an ELISA kit
specific for human adiponectin (Otsuka Pharmaceuticals,
Tokushima, Japan). In order to avoid the maturity effects of fat
cells, evaluation was made by calculating a ratio of adiponectin
production after 48 and 96 h (adiponectin production ratio
(APR)=adiponectin after 96 h/48 h; n=49). The ethical committee
of the Osaka University Hospital approved this study.

Results

The results of screening of 49 samples are shown in Table
II. APR is referred to as 0.5<+<1, 1.0<++. According to the
APR volumes, soy genistein extract (no. 9), lychee low-
molecular-weight polyphenol (no. 13), olive extract (no. 31)
and turmeric (no. 45) promoted adiponectin secretion. Soy
genistein promoted adiponectin secretion in 4 patients.
Lychee low-molecular-weight polyphenol promoted secretion
in five patients. Olive extract promoted secretion in five
patients. Turmeric promoted four patients. Because of the
protocol’s regulations, other samples cannot be disclosed.

Discussion

This study screened and identified food constituents that
affect adiponectin production using ADSCs obtained from
cancer patients with lifestyle diseases. We have previously
used the same system for screening of drugs that affect
adiponectin production (19). Some drugs, such as
pioglitazone hydrochloride, telmisartan, bezafibrate, sodium
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salt, glibenclamide, glimepiride, gliclazide, metformin and
verapamil, increased adiponectin levels in the cell culture
supernatants. To the best of our knowledge, this is the first
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Figure 1. Study’s protocol.

report of screening for food constituents exhibiting an
adiponectin-promoting effect.

Results showed that soy genistein extract, lychee low-
molecular-weight polyphenol, olive extract and turmeric
had anti-obesity effects and enhanced adiponectin levels.
Lychee low-molecular-weight polyphenol has potent
antioxidant (23-26), anti-obesity (27) and anti-cancerous
(28) effects. It has been suggested that treatment of high-
fat-fed mice with lychee polyphenol could regulate
adipocytokines’ genes in adipocytes (26). It also increases
the expression level of the gene encoding adiponectin.
Furthermore, anticancer effect(s) and increased adiponectin
have been reported after intake of olive extract (29-31).
Similarly, turmeric has shown anti-obesity (32-34) and anti-
cancer effects (35-38), while increasing adiponectin levels
(39). The mechanism by which adiponectin exerts its anti-
cancer effects has not yet been elucidated. However, the
AMP-activated protein kinase signaling pathway has been
reported to be important (40).

In this study, adipose tissue specimens from cancer
patients with lifestyle diseases were screened. It has been
reported that lower levels of adiponectin and cancer are
related, particularly in patients with colon and pancreatic
cancer (41-44).

Some food components screened in this study showed
adiponectin-enhancing effect. The results of this study
indicated that adiponectin secretion-promoting effects of
food constituents vary from patient to patient. However, with
the screening system used in this study, it is possible to
select tailor-made food components to suit individual
patients. Lastly, our screening system based on ADSCs may
serve as a new therapeutic approach in the lifestyle disease-
related cancer patients.
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Instructions for Authors 2016

General Policy. ANTICANCER RESEARCH (AR) will accept original high quality works and reviews on all aspects of experimental and
clinical cancer research. The Editorial Policy suggests that priority will be given to papers advancing the understanding of cancer causation,
and to papers applying the results of basic research to cancer diagnosis, prognosis, and therapy. AR will also accept the following for
publication: (a) Abstracts and Proceedings of scientific meetings on cancer, following consideration and approval by the Editorial Board;
(b) Announcements of meetings related to cancer research; (c) Short reviews (of approximately 120 words) and announcements of newly
received books and journals related to cancer, and (d) Announcements of awards and prizes.

The principal aim of AR is to provide prompt publication (print and online) for original works of high quality, generally within 1-2
months from final acceptance. Manuscripts will be accepted on the understanding that they report original unpublished works in the field
of cancer research that are not under consideration for publication by another journal, and that they will not be published again in the
same form. All authors should sign a submission letter confirming the approval of their article contents. All material submitted to AR will
be subject to review, when appropriate, by two members of the Editorial Board and by one suitable outside referee. The Editors reserve the
right to improve manuscripts on grammar and style.

The Editors and Publishers of AR accept no responsibility for the contents and opinions expressed by the contributors. Authors should
warrantee due diligence in the creation and issuance of their work.

NIH Open Access Policy. The journal acknowledges that authors of NIH-funded research retain the right to provide a copy of the published
manuscript to the NIH four months after publication in ANTICANCER RESEARCH, for public archiving in PubMed Central.

Copyright. Once a manuscript has been published in ANTICANCER RESEARCH, which is a copyrighted publication, the legal ownership
of all published parts of the paper has been transferred from the Author(s) to the journal. Material published in the journal may not be
reproduced or published elsewhere without the written consent of the Managing Editor or Publisher.

Format. Two types of papers may be submitted: (i) Full papers containing completed original work, and (ii) review articles concerning
fields of recognisable progress. Papers should contain all essential data in order to make the presentation clear. Reasonable economy should
be exercised with respect to the number of tables and illustrations used. Papers should be written in clear, concise English. Spelling should
follow that given in the “Shorter Oxford English Dictionary”.

Manuscripts. Submitted manuscripts should not exceed fourteen (14) pages (approximately 250 words per double - spaced typed page),
including abstract, text, tables, figures, and references (corresponding to 4 printed pages). Papers exceeding 4 printed pages will be subject
to excess page charges. All manuscripts should be divided into the following sections:

(a) First page including the title of the presented work [not exceeding fifteen (15) words], full names and full postal addresses of all
Authors, name of the Author to whom proofs are to be sent, key words, an abbreviated running title, an indication “review”, “clinical”,
“epidemiological”, or “experimental” study, and the date of submission. (Note: The order of the Authors is not necessarily indicative of their
contribution to the work. Authors may note their individual contribution(s) in the appropriate section(s) of the presented work); (b) Abstract
not exceeding 150 words, organized according to the following headings: Background/Aim - Materials and Methods/Patients and Methods
- Results - Conclusion; (¢) Introduction; (d) Materials and Methods/Patients and Methods; (e) Results; (f) Discussion; (g)
Acknowledgements; (h) References. All pages must be numbered consecutively. Footnotes should be avoided. Review articles may follow
a different style according to the subject matter and the Author's opinion. Review articles should not exceed 35 pages (approximately 250
words per double-spaced typed page) including all tables, figures, and references.

Figures. All figures should appear at the end of the submitted document file. Once a manuscript is accepted all figures and graphs should
be submitted separately in either jpg, tiff or pdf format and at a minimum resolution of 300 dpi. Graphs must be submitted as pictures
made from drawings and must not require any artwork, typesetting, or size modifications. Symbols, numbering and lettering should be
clearly legible. The number and top of each figure must be indicated. Pages that include color figures are subject to color charges.

Tables. All tables should appear at the end of the submitted document file. Once a manuscript is accepted, each table should be submitted
separately, typed double-spaced. Tables should be numbered with Roman numerals and should include a short title.

References. Authors must assume responsibility for the accuracy of the references used. Citations for the reference sections of submitted
works should follow the standard form of “Index Medicus” and must be numbered consecutively. In the text, references should be cited by
number. Examples: 1 Sumner AT: The nature of chromosome bands and their significance for cancer research. Anticancer Res 1: 205-216,
1981. 2 McGuire WL and Chamnes GC: Studies on the oestrogen receptor in breast cancer. In: Receptors for Reproductive Hormones
(O' Malley BW, Chamnes GC (eds.). New York, Plenum Publ Corp., pp 113-136, 1973.



Nomenclature and Abbreviations. Nomenclature should follow that given in "Chemical Abstracts", "Index Medicus", "Merck Index",
"IUPAC -IUB", "Bergey’s Manual of Determinative Bacteriology", The CBE Manual for Authors, Editors and Publishers (6th edition,
1994), and MIAME Standard for Microarray Data. Human gene symbols may be obtained from the HUGO Gene Nomenclature Committee
(HGNC) (http://www.gene.ucl.ac.uk/). Approved mouse nomenclature may be obtained from http://www.informatics.jax.org/. Standard
abbreviations are preferable. If a new abbreviation is used, it must be defined on first usage.

Clinical Trials. Authors of manuscripts describing clinical trials should provide the appropriate clinical trial number in the correct format
in the text.
For International Standard Randomised Controlled Trials (ISRCTN) Registry (a not-for-profit organization whose registry is administered
by Current Controlled Trials Ltd.) the unique number must be provided in this format: ISRCTNXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by “ISRCTN”). Please note that there is no space between the prefix “ISRCTN” and the
number. Example: ISRCTN47956475.

For Clinicaltrials.gov registered trials, the unique number must be provided in this format: NCTXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by 'NCT'). Please note that there is no space between the prefix 'NCT' and the number.
Example: NCT00001789.

Ethical Policies and Standards. ANTICANCER RESEARCH agrees with and follows the "Uniform Requirements for Manuscripts Submitted
to Biomedical Journals" established by the International Committee of Medical Journal Editors in 1978 and updated in October 2001
(www.icmje.org). Microarray data analysis should comply with the "Minimum Information About Microarray Experiments (MIAME) standard".
Specific guidelines are provided at the "Microarray Gene Expression Data Society" (MGED) website. Presentation of genome sequences should
follow the guidelines of the NHGRI Policy on Release of Human Genomic Sequence Data. Research involving human beings must adhere to
the principles of the Declaration of Helsinki and Title 45, U.S. Code of Federal Regulations, Part 46, Protection of Human Subjects, effective
December 13, 2001. Research involving animals must adhere to the Guiding Principles in the Care and Use of Animals approved by the Council
of the American Physiological Society. The use of animals in biomedical research should be under the careful supervision of a person adequately
trained in this field and the animals must be treated humanely at all times. Research involving the use of human foetuses, foetal tissue, embryos
and embryonic cells should adhere to the U.S. Public Law 103-41, effective December 13, 2001.

Submission of Manuscripts. Please follow the Instructions for Authors regarding the format of your manuscript and references.
Manuscripts must be submitted only through our online submission system at: http://www.iiar-submissions.com/login.html

In case a submission is incomplete, the corresponding Author will be notified accordingly.

Questions regarding difficulties in using the online submission system should be addressed to: email: journals@iiar-anticancer.org

Galley Proofs. Unless otherwise indicated, galley proofs will be sent to the corresponding Author of the submission. Corrections of
galley proofs should be limited to typographical errors. Reprints, PDF files, and/or Open Access may be ordered after the acceptance
of the paper. Authors of online open access articles are entitled to a complimentary online annual subscription to Anticancer Research
for the current year. Requests should be addressed to the Editorial Office. Galley proofs should be returned corrected to the Editorial
Office by email within two days.

Specific information and additional instructions for Authors

1. Anticancer Research (AR) closely follows the new developments in all fields of experimental and clinical cancer research by (a)
inviting reviews on topics of immediate importance and substantial progress in the last three years, and (b) providing the highest
priority for rapid publication to manuscripts presenting original results judged to be of exceptional value. Theoretical papers will only
be considered and accepted if they bear a significant impact or formulate existing knowledge for the benefit of research progress.

2. Anticancer Research will consider the publication of conference proceedings and/or abstracts provided that the material submitted
fulfils the quality requirements and instructions of the journal, following the regular review process by two suitable referees. (For
further information please click here)

3. An acknowledgement of receipt, including the article number, title and date of receipt is sent to the corresponding author of each
manuscript upon receipt. If this receipt is not received within 20 days from submission, the author should call or write to the Editorial
Office to ensure that the manuscript (or the receipt) was not lost in the mail or during electronic submission.

4. Each manuscript submitted to AR is sent for review in confidence to two suitable referees with the request to return the manuscript with
their comments to the Editorial Office within 12 days from receipt. If reviewers need a longer time or wish to send the manuscript to
another expert, the manuscript may be returned to the Editorial Office with a delay. All manuscripts submitted to AR, are treated in
confidence, without access to any person other than the Managing Editor, the journal's secretary, the reviewers and the printers.



5.

oo

10.

11.

12.
13.

All accepted manuscripts are peer-reviewed and carefully corrected in style and language, if necessary, to make presentation clear. (There
is no fee for this service). Every effort is made (a) to maintain the personal style of the author's writing and (b) to avoid change of meaning.
Authors will be requested to examine carefully manuscripts which have undergone language correction at the pre-proof or proof stage.

. Authors should pay attention to the following points when writing an article for AR:

® The Instructions to Authors must be followed in every detail.

® The presentation of the experimental methods should be clear and complete in every detail facilitating reproducibility by other scientists.

® The presentation of results should be simple and straightforward in style. Results and discussion should not he combined into one
section, unless the paper is short.

® Results given in figures should not be repeated in tables.

o Figures (graphs or photographs) should be prepared at a width of 8 or 17 cm with legible numbers and lettering.

® Photographs should be clear with high contrast, presenting the actual observation described in the legend and in the text. Each legend should
provide a complete description, being self-explanatory, including technique of preparation, information about the specimen and magnification.

o Statistical analysis should be elaborated wherever it is necessary. Simplification of presentation by giving only numerical or % values
should be avoided.

® Fidelity of the techniques and reproducibility of the results, should be points of particular importance in the discussion section.
Authors are advised to check the correctness of their methods and results carefully before writing an article. Probable or dubious
explanations should be avoided.

® Authors should not cite results submitted for publication in the reference section. Such results may be described briefly in the text
with a note in parenthesis (submitted for publication by... authors, year).

® The References section should provide as complete a coverage of the literature as possible including all the relevant works published
up to the time of submission.

® By following these instructions, Authors will facilitate a more rapid review and processing of their manuscripts and will provide the
readers with concise and useful papers.

. Following review and acceptance, a manuscript is examined in language and style, and galley proofs are rapidly prepared. Second

proofs are not sent unless required.

. Authors should correct their galley proofs very carefully and preferably twice. An additional correction by a colleague always proves

to be useful. Particular attention should be paid to chemical formulas, mathematical equations, symbols, medical nomenclature etc. Any
system of correction marks can be used in a clear manner, preferably with a red pen. Additions or clarifications are allowed provided
that they improve the presentation but do not bring new results (no fee).

. Articles submitted to AR may be rejected without review if:

e they do not fall within the journal's policy.
o they do not follow the instructions to authors.
® Janguage is unclear.
o results are not sufficient to support a final conclusion.
e results are not objectively based on valid experiments.
o they repeat results already published by the same or other authors before the submission to AR.
® plagiarism is detected by plagiarism screening services.
(Rejection rate (2015): 64%).

Authors who wish to prepare a review should contact the Managing Editor of the journal in order to get confirmation of interest in the particular
topic of the review. The expression of interest by the Managing Editor does not necessarily imply acceptance of the review by the journal.

Authors may inquire information about the status of their manuscript(s) by calling the Editorial Office at +30-22950-53389, Monday
to Friday 9.00-16.00 (Athens time), or by sending an e-mail to journals@iiar-anticancer.org

Authors who wish to edit a special issue on a particular topic should contact the Managing Editor.

Authors, Editors and Publishers of books are welcome to submit their books for immediate review in AR. There is no fee for this service.

(This text is a combination of advice and suggestions contributed by Editors, Authors, Readers and the Managing Editor of AR).
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