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1. INTRODUCTION: Narrative that briefly (one paragraph) describes the subject, purpose and
scope of the research.

PCa energetic metabolism is unique. Normal prostate cells use glucose oxidation to synthesize and
secrete citrate, resulting in incomplete Krebs cycle and minimal oxidative phosphorylation for
energy production. In contrast, PCa cells do not secrete citrate, but reactivate the Krebs cycle as the
energy source. The accumulation of the metabolic end-product lactate in either case is toxic. In
response, cancer cells upregulate the expression of monocarboxylate transporters (MCTs) to
increase lactate efflux, thereby reducing extracellular acidification. Our preliminary data showed
that: 1) the expression of MCTs is higher in PCa tissues and PCa cells resistant to enzalutamide; 2)
MCT antagonists resensitize resistant cells to enzalutamide; and 3) the inhibition of MCTs has no
significant effects on normal prostate cells. Hence, we hypothesized that the inhibition of MCTs in
therapy-resistant PCa cells may augment the efficacy of targeted therapeutics such as
enzalutamide.

Specific aims proposed:
1) Test the combination of MCT inhibitors with enzalutamide in PCa cells in vitro
2) Test the combination of MCT inhibitors with enzalutamide in PCa cells and xenografts in
Vivo
3) Analyze the mechanisms governing the synergism between MCT inhibitors and
enzalutamide

We believe MCT inhibition would be a highly innovative strategy to overcome enzalutamide
resistance in PCa.

2. KEYWORDS: Provide a brief list of keywords (limit to 20 words).

Prostate cancer, enzalutamide, androgen receptor, monocarboxylate transporter, metabolism,
glycolysis, resistance

3. ACCOMPLISHMENTS: The Pl is reminded that the recipient organization is required to obtain
prior written approval from the awarding agency grants official whenever there are significant
changes in the project or its direction.

What were the major goals of the project?

List the major goals of the project as stated in the approved SOW. If the application listed
milestones/target dates for important activities or phases of the project, identify these dates and
show actual completion dates or the percentage of completion.

Research-Specific Tasks:

Specific Aim 1: To test the combination
of MCT inhibitors with enzalutamide in
PCa cells in vitro

Major Task 1: To characterize the
effects of MCT inhibitors in




enzalutamide-resistant cells in vitro

Subtask 1: Treat cell lines with AR-
C155858, AZD3965, or syrosingopine
either singly or in combination with

Completed; see Annual Report
2021

enzalutamide and analyze 1-6 Sayani .
Bhattacharjee
Cell lines used: C4-2B parental, C4-2B-
MDVR; 22Rv1 parental, 22Rv1-MDVR;
VCaP parental, VCaP-MDVR
Subtask 2: Confirm above effects with Generation of C4-2B-MDVR
MCT shRNAs . S . cells shRNAs completed;
- ayani abili .
Cell lines used: C4-2B parental, C4-2B- 12 | Bhattacharjee Viit})llelitzszzszyiicorrgp rlzgzd’
MDVR; 22Rv1 parental, 22RvI-MDVR; ys I prog
VCaP parental, VCaP-MDVR
Subtask 3: Explore structure-activity In progress; no results to report
relationships to optimize effects of MCT 9- TBD yet
inhibitors in collaboration with College 12
of Pharmacy, UT
Dr Cell lines resistant to AR-C,
Subtask 4: Generate resistant cell lines o AZD, or syrosingopine
. o 10- | Nadiminty, L
and analyze relative activities of MCT 14 Sayani generated; viability assays
inhibitors Bhattacharjec completed; other assays in
progress
Milestone(s) Achieved: Characterization
of the effects of MCT inhibitors in vitro
Specific Aim 2: To test the combination
of MCT inhibitors with enzalutamide in
PCa cell xenografts and patient-derived
xenografts in vivo
Major Task 2: To characterize the
effects of MCT inhibitors in
enzalutamide-resistant cells and PDX
models in vivo
Subtask 1: Submit documents for 8- e Completed; approval granted
ACURO approvals 12 | Dr-Nadiminty 04/13/2021
Subtask 2: Generate xenografts of Dr. Completed work with C4-2B
enzalutamide-resistant cells in SCID 12- | Nadiminty, | and C4-2B-MDVR cells treated
mice, treat with MCT inhibitors either 16 Sayani with AR-C155858 and
singly or in combination with Bhattacharjee AZD3965 and reported in




enzalutamide

Cell lines used: C4-2B parental, C4-2B-
MDVR; VCaP parental, VCaP-MDVR

Animals requested: 352; Supplier:
Charles River

Annual Report 2021; In Annual
report 2022, we report work
with C4-2B/C4-2B-MDVR cell
xenografts treated with
syrosingopine; and
VCaP/VCaP-MDVR cell
xenografts treated with AR-
C155858, AZD3965, or
syrosingopine singly or in
combination with enzalutamide

Dr. Planned in the next reporting
Subtask 3: Pharmacokinetic analyses of 15- | Nadiminty, period due to Dr. Sarver’s
MCT inhibitors in SCID mice 18 Sayani retirement
Bhattacharjee

Subtask 4: Analyze the effects of MCT Dr. In progress since Summer 2022;
inhibitors in PDX models 15- Nadiminty, no results to report yet

Dr. Petros,
Animals requested: 120; Supplier: Living | 21 Sayani
Tumor lab Bhattacharjee
Milestone(s) Achieved: Characterization
of the effects of MCT inhibitors and their
pharmacokinetic/toxicity profiles in vivo
Specific Aim 3: Analyze the
mechanisms governing the synergistic
activity of MCT inhibitor and
enzalutamide combination
Major Task 3: Metabolomic analyses
to analyze the pathways involved in
enzalutamide resistance and the effects
of MCT inhibitors
Subtask 1: Analyze extracellular flux, Dr. Completed experiments with
glucose metabolism, intracellular lactate 21- Nadiminty, extracellular acidification,
levels, cellular acidification, and cell 24 Sayani glycolysis, and cell death; see
death in cells treated with MCT inhibitors Bhattacharjee Annual Report 2021

Dr. Targeted Metabolomics

Nadiminty, analyses of central carbon
Subtask 2: Perform LC-MS metabolomic | 24- Dr. Matam metabolites completed; data
analyses of cellular metabolite levels 30 | Vijay Kumar, being analyzed; see

Sayani accomplishments in Annual
Bhattacharjee report 2022




We have submitted MCT
Dr. inhibitor and combination-
Subtask 3: Analyze results and 30- | Nadiminty, treated samples for gene
repeat/optimize experiments, if necessary | 34 Sayani expression analyses using the
Bhattacharjee Nanostring nCounter
technology
Dr. We are preparing a manuscript
Nadiminty, for publication with results
Major Task 4: Prepare data for 30- Sayani obtained so far
publication and submit 1-2 36 Bhattacharjee
manuscripts and/or
Graduate
student (TBD)
Milestones achieved. 1-2 peer-reviewed
journal articles

What was accomplished under these goals?

For this reporting period describe: 1) major activities, 2) specific objectives; 3) significant results
or key outcomes, including major findings, developments, or conclusions (both positive and
negative); and/or 4) other achievements. Include a discussion of stated goals not met. Description
shall include pertinent data and graphs in sufficient detail to explain any significant results
achieved. A succinct description of the methodology used shall be provided. As the project
progresses to completion, the emphasis in reporting in this section should shift from reporting
activities to reporting accomplishments.

1y
a)
b)
©)
d)

e)

2)

Major activities:

To generate C4-2B-MDVR or VCaP-MDVR cells expressing specific shRNAs against
MCTs 1,2, or 4 and confirm effects are due to MCT expression

To generate C4-2B-MDVR cells resistant to AR-C155858, AZD3965, or syrosngopine and
assess response to MCT inhibitors

To generate C4-2B/C4-2B-MDVR cell xenografts in SCID mice and treat with
syrosingopine singly or in combination with enzalutamide

To generate VCaP/VCaP-MDVR cell xenografts in SCID mice and treat with AR-C155858,
AZD3965, or syrosingopine singly or in combination with enzalutamide

Perform targeted metabolomics analyses of C4-2B/C4-2B-MDVR cells treated with MCT
inhibitors singly or in combination with enzalutamide.

Specific objectives:

We generated C4-2B-MDVR cells expressing shRNAs against MCTs 1, 2, or 4 by stable
transfection. The cells were treated with vehicle-DMSO or 20 uM enzalutamide for 72 h.
Cell viability was measured using the Cell Viability Fluor kit (Promega).




b)

c)

d)

2

3)

b)

We generated VCaP-MDVR cells expressing shRNAs against MCTs 1, 2, or 4 by stable
transfection. The cells were treated with vehicle-DMSO or 20 uM enzalutamide for 72 h.
Cell viability was measured using the Cell Viability Fluor kit (Promega).

We generated C4-2B-MDVR cells resistant to AR-C155858 or AZD3965 by chronic culture
in increasing concentrations from 20 pM-2 mM. C4-2B-MDVR cells resistant to
syrosingopine were generated by chronic culture in increasing concentrations of
syrosingopine from 10 uM-100 uM. Resistance to the respective MCT inhibitors was
confirmed by passaging in the highest concentration attained for at least 5 passages. Cells
were subsequently maintained in media containing MCT inhibitors. These cells grow slowly
and are very sensitive to even slight changes in growth conditions. C4-2B-MDVR cells
resistant to AR-C155858 were treated with 5 or 10 uM AZD3965 or syrosingopine; cells
resistant to AZD3965 were treated with 5 or 10 pM AR-C155858 or syrosingopine; and
cells resistant to syrosingopine were treated with 5 or 10 uM AR-C155858 or AZD3965 for
72 h. Cell viability was measured using the Cell Viability Flour kit (Promega). Other assays
are in progress.

We generated sub-cutaneous xenografts of C4-2B and C4-2B-MDVR cells in SCID mice
(n=10/group). After the tumors were palpable, we divided them randomly into 4 groups and
treated via oral gavage daily with 1) vehicle, 2) 25 mg/kg enzalutamide, 3) 10 mg/kg
Syrosingopine, or 4) Enza+Syrosingopine. We measured tumor growth twice a week and
mouse weights twice a week. When the control tumors reached a size of 2 cm?, the mice
were euthanized, and tumor tissues were collected.

We generated sub-cutaneous xenografts of VCaP and VCaP-MDVR cells in SCID mice
(n=10/group). After the tumors were palpable, we divided them randomly into 8 groups and
treated via oral gavage daily with 1) vehicle, 2) 25 mg/kg enzalutamide, 3) 10 mg/kg AR-
C155858, 4) 50 mg/kg AZD3965, 5) 10 mg/kg syrosingopine, 6) Enzat+AR-C155858, 7)
Enza+AZD3965, or 8) Enza+Syrosingopine. We measured tumor growth twice a week and
mouse weights twice a week. When the control tumors reached a size of 2 cm?®, the mice
were euthanized, and tumor tissues were collected.

We performed Targeted metabolomics of central carbon metabolites using the C-Scope
assay of Human Metabolome Technologies Inc. We followed sample preparation
instructions provided by the service provider (please see appended files). The data were
analyzed to confirm that MCT inhibitors trapped lactate in the treated cells. Further analyses
are in progress.

We are analyzing the significant results and preparing a manuscript. The graduate student
working on this project, Sayani Bhattacharjee, is set to graduate by the end of the Fall 2022
semester.

Key outcomes: (please see pages at the end of this document for figures)

We confirmed using shRNAs against MCTs 1, 2, and 4 that the observed effects of MCT
inhibitors on cell survival and proliferation are due to MCT expression (Fig. 1A and B).
C4-2B-MDVR cells resistant to each of the MCT inhibitors showed that even with
metabolic adaptation due to resistance, the cells retain sensitivity to other MCT inhibitors
(Fig. 2A, B, and C). Confirmatory experiments are under way. These findings may have
implications in translating the use of MCT inhibitors to the clinic.



c) Growth of C4-2B-MDVR xenografts was suppressed significantly when treated with a
combination of syrosingopine and enzalutamide (Fig. 3A and B), confirming our previous
results with AR-C155858 and AZD3965.

d) Growth of VCaP-MDVR xenografts was significantly inhibited when treated with
combinations of AR-C155858 (Fig. 4A and B), AZD3965 (Fig. 4C and D), or syrosingopine
(Fig. 4E and F) with enzalutamide. These results confirmed that enzalutamide-resistant PCa
cells are more sensitive to MCT inhibition.

e) Targeted metabolomics revealed that MCT inhibitors either singly or in combination with
enzalutamide succeeded in trapping lactate inside the PCa cells. In line with the higher
expression of MCTs in MDVR cells, very low lactate concentrations were found in MDVR
cells treated with vehicle. These results indicated that MCTs are actively pumping lactate
produced from glycolysis out of the cells. These results also confirmed our previous results
from Glycolytic rate assays that extracellular acidification rates were higher in C4-2B-
MDVR cells compared with C4-2B parental cells. Similarly, we also confirmed that lactate
retention is higher in MDVR cells treated with the combination of enzalutamide with MCT
inhibitors. Collectively, these results demonstrate that: a) enzalutamide-resistant PCa cells
have higher rates of glycolysis; b) MCT expression is higher in enzalutamide-resistant PCa
cells; ¢) MCT inhibitors trap lactate inside the cells; d) more lactate is produced and trapped
in MDVR cells; e) more lactate is trapped in MDVR cells treated with Enza+MCT
inhibitors.

f) Conclusions: Taken together, our results so far confirm our hypothesis that enzalutamide-
resistance may be overcome using MCT inhibition. Work under way will shed more light on
the mechanisms and pathways potentially involved.

What opportunities for training and professional development has the project provided?
If the project was not intended to provide training and professional development opportunities or
there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe opportunities for training and professional development provided to anyone who worked
on the project or anyone who was involved in the activities supported by the project. “Training”
activities are those in which individuals with advanced professional skills and experience assist
others in attaining greater proficiency. Training activities may include, for example, courses or
one-on-one work with a mentor. “Professional development” activities result in increased
knowledge or skill in one’s area of expertise and may include workshops, conferences, seminars,
study groups, and individual study. Include participation in conferences, workshops, and seminars
not listed under major activities.

The project was not intended to provide training opportunities. However, the graduate student working
on the project, Sayani Bhattacharjee, was able to attend the Annual Meeting of the American
Association for Cancer Research (AACR) 2022 in New Orleans, LA and present the following poster in
person.

Bhattacharjee S, Doan JP, Wynn RM, Nadiminty N. Targeting MCT inhibition to overcome
enzalutamide resistance in prostate cancer. AACR Annual Meeting 2022 Proceedings.

Work from this project also enabled the PI, Nagalakshmi Nadiminty, to apply for and be selected to
participate in the 2021-22 FDA-AACR Oncology Educational Fellowship held virtually due to COVID
restrictions.




How were the results disseminated to communities of interest?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe how the results were disseminated to communities of interest. Include any outreach
activities that were undertaken to reach members of communities who are not usually aware of
these project activities, for the purpose of enhancing public understanding and increasing interest
in learning and careers in science, technology, and the humanities.

Nothing to report.

What do you plan to do during the next reporting period to accomplish the goals?
If this is the final report, state “Nothing to Report.”

Describe briefly what you plan to do during the next reporting period to accomplish the goals and
objectives.

Our original plan for the 2021-2022 reporting period included pharmacokinetic analyses in
collaboration with Dr. Sarver in the College of Pharmacy. However, these plans have received a set
back due to Dr. Sarver’s retirement in late 2021. We hope to be able to find a replacement soon and
plan to complete these analyses in the next reporting period. We will also complete the PDX model
assays in the next reporting period.

IMPACT: Describe distinctive contributions, major accomplishments, innovations, successes, or
any change in practice or behavior that has come about as a result of the project relative to:

What was the impact on the development of the principal discipline(s) of the project?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe how findings, results, techniques that were developed or extended, or other products from
the project made an impact or are likely to make an impact on the base of knowledge, theory, and
research in the principal disciplinary field(s) of the project. Summarize using language that an
intelligent lay audience can understand (Scientific American style).

Nothing to report.

What was the impact on other disciplines?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe how the findings, results, or techniques that were developed or improved, or other
products from the project made an impact or are likely to make an impact on other disciplines.

Nothing to report.
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What was the impact on technology transfer?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe ways in which the project made an impact, or is likely to make an impact, on commercial
technology or public use, including:

o transfer of results to entities in government or industry,

o instances where the research has led to the initiation of a start-up company, or
o adoption of new practices.

Nothing to report.

What was the impact on society beyond science and technology?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe how results from the project made an impact, or are likely to make an impact, beyond the
bounds of science, engineering, and the academic world on areas such as:

° improving public knowledge, attitudes, skills, and abilities;

o changing behavior, practices, decision making, policies (including regulatory policies), or
social actions, or

° improving social, economic, civic, or environmental conditions.

Nothing to report.

CHANGES/PROBLEMS: The PD/PI is reminded that the recipient organization is required to
obtain prior written approval from the awarding agency grants official whenever there are
significant changes in the project or its direction. If not previously reported in writing, provide the
following additional information or state, “Nothing to Report,” if applicable:

Changes in approach and reasons for change
Describe any changes in approach during the reporting period and reasons for these changes.
Remember that significant changes in objectives and scope require prior approval of the agency.

Nothing to report.

Actual or anticipated problems or delays and actions or plans to resolve them
Describe problems or delays encountered during the reporting period and actions or plans to
resolve them.

We will find a replacement for Dr. Sarver to perform the pharmacokinetic analyses.
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Changes that had a significant impact on expenditures

Describe changes during the reporting period that may have had a significant impact on
expenditures, for example, delays in hiring staff or favorable developments that enable meeting
objectives at less cost than anticipated.

No changes to report.

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or
select agents

Describe significant deviations, unexpected outcomes, or changes in approved protocols for the use
or care of human subjects, vertebrate animals, biohazards, and/or select agents during the
reporting period. If required, were these changes approved by the applicable institution committee
(or equivalent) and reported to the agency? Also specify the applicable Institutional Review
Board/Institutional Animal Care and Use Committee approval dates.

Significant changes in use or care of human subjects

Nothing to report.

Significant changes in use or care of vertebrate animals

Nothing to report.

Significant changes in use of biohazards and/or select agents

Nothing to report.

6. PRODUCTS: List any products resulting from the project during the reporting period. If
there is nothing to report under a particular item, state “Nothing to Report.”

o Publications, conference papers, and presentations
Report only the major publication(s) resulting from the work under this award.

Journal publications. List peer-reviewed articles or papers appearing in scientific,
technical, or professional journals. Identify for each publication: Author(s); title; journal;
volume: year; page numbers, status of publication (published; accepted, awaiting
publication; submitted, under review, other); acknowledgement of federal support (ves/no).

Bhattacharjee, Doan JP, Wynn RM, Sindhwani P, Petros FG, Nadiminty N. (in
preparation) Monocarboxylate transporter inhibition overcomes enzalutamide
resistance in prostate cancer cells. (To be submitted after including shRNA results)
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Books or other non-periodical, one-time publications. Report any book, monograph,
dissertation, abstract, or the like published as or in a separate publication, rather than a
periodical or series. Include any significant publication in the proceedings of a one-time
conference or in the report of a one-time study, commission, or the like. Identify for each
one-time publication: author(s), title; editor; title of collection, if applicable; bibliographic
information; year; type of publication (e.g., book, thesis or dissertation); status of
publication (published; accepted, awaiting publication, submitted, under review; other);
acknowledgement of federal support (yes/no).

Nothing to report.

Other publications, conference papers and presentations. /dentify any other
publications, conference papers and/or presentations not reported above. Specify the status
of the publication as noted above. List presentations made during the last year
(international, national, local societies, military meetings, etc.). Use an asterisk (*) if
presentation produced a manuscript.

Bhattacharjee S, Doan JP, Wynn RM, Nadiminty N. Targeting MCT inhibition to
overcome enzalutamide resistance in prostate cancer. AACR Annual Meeting 2022
Proceedings.

Website(s) or other Internet site(s)

List the URL for any Internet site(s) that disseminates the results of the research activities.
A short description of each site should be provided. It is not necessary to include the
publications already specified above in this section.

Nothing to report.

Technologies or techniques
Identify technologies or techniques that resulted from the research activities. Describe the
technologies or techniques were shared.

Nothing to report.

Inventions, patent applications, and/or licenses

Identify inventions, patent applications with date, and/or licenses that have resulted from the
research. Submission of this information as part of an interim research performance
progress report is not a substitute for any other invention reporting required under the
terms and conditions of an award.

Nothing to report.
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o Other Products
Identify any other reportable outcomes that were developed under this project. Reportable
outcomes are defined as a research result that is or relates to a product, scientific advance,
or research tool that makes a meaningful contribution toward the understanding,
prevention, diagnosis, prognosis, treatment and /or rehabilitation of a disease, injury or
condition, or to improve the quality of life. Examples include:

data or databases,

physical collections;

audio or video products;
software;

models;

educational aids or curricula;
instruments or equipment,
research material (e.g., Germplasm; cell lines, DNA probes, animal models),
clinical interventions,

new business creation; and
other.

Nothing to report.

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

What individuals have worked on the project?
Provide the following information for: (1) PDs/Pls; and (2) each person who has worked at least
one person month per year on the project during the reporting period, regardless of the source of

compensation

(a person month equals approximately 160 hours of effort). If information is

unchanged from a previous submission, provide the name only and indicate “no change”.

Example:

Name: Mary Smith

Project Role: Graduate Student

Researcher Identifier (e.g. ORCID ID): 1234567

Nearest person month worked.: 5

Contribution to Project: Ms. Smith has performed work in the area of combined
error-control and constrained coding.

Funding Support: The Ford Foundation (Complete only if the funding

support is provided from other than this award.)
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1) Name:
Project Role:
ORCID:
Nearest person months worked:
Contribution to project:

Funding support:
2) Name:

Project Role:
ORCID:

Nearest person months worked:

Contribution to project:
Funding support:

3) Name:
Project Role:
ORCID:
Nearest person months worked:
Contribution to project:
Funding support:

Nagalakshmi Nadiminty

PI

0000-0003-3408-3206

3

Dr. Nadiminty has performed work with vertebrate animals and
generated resistant cells.

College of Medicine and Life Sciences, University of Toledo

Sayani Bhattacharjee

Graduate Student

0000-0001-8781-5867

12

Ms. Bhattacharjee performed most of the in vitro work and
assisted in the in vivo work.

None

Rebecca Wynn

Research Associate

0000-0002-2801-6798

3

Ms. Wynn assisted in in vivo work and acted as lab manager.
Department of Urology, COMLS, University of Toledo
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Has there been a change in the active other support of the PD/PI(s) or senior/key personnel
since the last reporting period?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

If the active support has changed for the PD/PI(s) or senior/key personnel, then describe what the
change has been. Changes may occur, for example, if a previously active grant has closed and/or if
a previously pending grant is now active. Annotate this information so it is clear what has changed
from the previous submission. Submission of other support information is not necessary for
pending changes or for changes in the level of effort for active support reported previously. The
awarding agency may require prior written approval if a change in active other support
significantly impacts the effort on the project that is the subject of the project report.

Nothing to report.

What other organizations were involved as partners?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe partner organizations — academic institutions, other nonprofits, industrial or commercial
firms, state or local governments, schools or school systems, or other organizations (foreign or
domestic) — that were involved with the project. Partner organizations may have provided financial
or in-kind support, supplied facilities or equipment, collaborated in the research, exchanged
personnel, or otherwise contributed.

Provide the following information for each partnership.
Organization Name:

Location of Organization. (if foreign location list country)
Partner’s contribution to the project (identify one or more)

o Financial support;

o In-kind support (e.g., partner makes software, computers, equipment, etc.,
available to project staff);

o Facilities (e.g., project staff use the partner’s facilities for project activities),

o Collaboration (e.g., partner’s staff work with project staff on the project);

o Personnel exchanges (e.g., project staff and/or partner’s staff use each other’s facilities,
work at each other’s site); and

o Other.

Nothing to report.
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8. SPECIAL REPORTING REQUIREMENTS

COLLABORATIVE AWARDS: For collaborative awards, independent reports are required
from BOTH the Initiating Principal Investigator (PI) and the Collaborating/Partnering PIl. A
duplicative report is acceptable; however, tasks shall be clearly marked with the responsible Pl and
research site. A report shall be submitted to https://ebrap.org/eBRAP/public/index.htm for each
unique award.

QUAD CHARTS: Ifapplicable, the Quad Chart (available on
hitps://www.usamraa.army.mil/Pages/Resources.aspx) should be updated and submitted with
attachments.

9. APPENDICES: Attach all appendices that contain information that supplements, clarifies or
supports the text. Examples include original copies of journal articles, reprints of manuscripts and
abstracts, a curriculum vitae, patent applications, study questionnaires, and surveys, etc.
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2)

3)

4)

5)

We transfected C4-2B-MDVR (Fig. 1A); or VCaP-MDVR (Fig. 1B) with specific shRNAs against
MCT1, MCT2, or MCT4. The cells were then treated with vehicle-DMSO or 20 uM enzalutamide. Cell
viability was assessed using the Cell viability assay kit (Promega).

We generated C4-2B-MDVR cells resistant to 2 mM AR-C155858, 2 mM AZD3965, or 100 uM
syrosingopine by chronic culture in increasing concentrations of the respective MCT inhibitors. C-42B-
MDVR cells resistant to AR-C were treated with 5 or 10 pM AZD3965 or syrosingopine; C4-2B-
MDVR cells resistant to AZD were treated with 5 or 10 uM AR-C155858 or syrosingopine; C4-2B-
MDVR cells resistant to syrosingopine were treated with 5 or 10 uM AR-C155858 or AZD3965; either
singly or in combination with enzalutamide. Cell viability was assessed using the Cell viability assay kit
(Promega). The results showed that even though metabolic adaptation blunted the efficacy of MCT
inhibitors, PCa cells resistant to one of the MCT inhibitors still showed responses to the others. For
example, C4-2B-MDVR cells resistant to AR-C155858 (Fig. 2A) were not responsive to treatment with
AZD3965, but were still sensitive to syrosingopine. C4-2B-MDVR cells resistant to AZD3965 (Fig. 2B)
were still responsive to AR-C155858 and syrosingopine, though at different levels. Similarly, C4-2B-
MDVR cells resistant to syrosingopine (Fig. 2C) were still responsive to treatment with AR-C155858,
but did not show appreciable response to AZD3965. These cells grow slowly and are very sensitive to
even slight changes in growth conditions. We are continuing to analyze these cells using other measures
of response such as clonogenic assays and glycolytic rate assays.

In the annual report for the 2020-2021 reporting period, we reported in vivo xenograft assays with C4-
2B or C4-2B-MDVR cells treated with AR-C155858 or AZD3965 either singly or in combination with
enzalutamide. Here we report xenograft assays with C4-2B and C4-2B-MDVR cell xenografts treated
with syrosingopine either singly or in combination with enzalutamide. C4-2B-MDVR cell xenografts
treated with a combination of syrosingopine and enzalutamide showed significant tumor growth
inhibition compared with C4-2B parental cell xenografts (Fig. 3A and 3B).

We also performed in vivo mouse xenograft assays with VCaP and VCaP-MDVR cells treated with AR-
C155858 (Fig. 4A and B), AZD3965 (Fig. 4C and D), or syrosingopine (Fig. 4E and F) either singly or
in combination with enzalutamide. These assays indicated that MCT inhibitors synergize with
enzalutamide to reduce tumor growth kinetics.

We performed targeted metabolomics analyses of 4-2B and C4-2B-MDVR cells treated with MCT
inhibitors either singly or in combination with enzalutamide using the C-Scope assay from Human
Metabolome Technologies Inc. This uses CE-TOFMS and CE-QqQMS technology to quantitatively
measure 116 metabolites involved in glycolysis, pentose phosphate pathway, TCA cycle, urea cycle, and
polyamine, creatine, purine, glutathione, nicotinamide, choline, and amino acid metabolism pathways.
The results revealed that MCT inhibitors successfully trapped lactate inside the prostate cancer cells.
Trapped lactate levels were much higher in cells treated with a combination of enzalutamide and MCT
inhibitors. Higher amounts of lactate were retained in C4-2B-MDVR cells (Fig. 5; please also see
appended files), indicating that enzalutamide-resistant cells produce higher levels of lactate due to
higher levels of glycolysis. We are doing more in-depth analyses of the data with the help of tech
support at Human Metabolome Technologies Inc. to reveal inter-relationships between metabolic
pathways that may yield more insights into the mechanisms involved.
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Fig. 3A C4-2B with Syro
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VCaP-MDVR with Syro

Fig. 4E VCaP with Syro Fig. 4F
3500 1800
E £ 1400
o 2900 © 1200
E 2000 § 1000
S 1500 g 288
) <)
S 1000 2 400
2 500 = 200 2 )
0 0
O 0 0 0 0 0 0 Q0 5 = = = = = o 0 o0 o0 a9 Qo
L2222 TV
+ © b O N T O DN T O DDA + © ® o N %
~ v~ «— N N N N N ~ <~ - - - N N N
—\/ehicle = Enza 25 mg/kg =\/ehicle
Syro 10 mg/kg Enza+Syro Syro 10 mg/kg
Fig. > Lactic acid
450000
400000 -
350000
-2 300000 1 .
2 250000
g 200000
S 150000
“ 100000
50000 ] i i I
0 ¥ = i *
S L0 @ L0 O PV OOV OO OwW
S8 F ¥ Qg@“ B @,@ K2 Qo@\ b@@ S sz Q@,@ S @® &S
2 K& & & & ¥ v @ %y‘* o)
< o 2 (oé’\(\% & &

26-Feb
28-Feb
2-Mar
4-Mar
6-Mar
8-Mar
10-Mar
12-Mar
14-Mar

e Enza 25 mg/kg

Enza+Syro



Research Report
(C-SCOPE : Selected component analysis)

Metabolome Profiles of Prostate Cancer Cells by
CE-TOFMS and CE-QqQMS Analysis

Client: University of Toledo

Report Number : TLDUV-HMT-001

Report Date: August 18, 2022

HMT

Human Metabolome Technologies, Inc.

This report consists of 57 pages including the title page.



TLDUV-HMT-001

TABLE OF CONTENTS

1. SHUAY SUMMANY ...ttt eee e e aeeeeeee et eessessssessessssesssssssssnsnssnnssnnnnnnnns 4
1-1. PUrPOSE Of SHUAY ..ottt eeeeaeeseeeseeesseesssnsssssnnnnnennes 4
1-2. ANALYSIS SUMMATIY ..ottt e e st e e st e e e e e s e e e s aneeeae e 4
2. Materials and Methods...............ooiiiiiii e e 5
2- 1. Materials...........oooooiiii 5
2-2. SaMmPle Preparation..............ooooiiii e aaes 6
2-3. Cation ANAlY SIS, . ... 7
254, ANON ANAIYSIS ..ottt e e e e e e e e e 7
2-5. Data ProCessSing .......ccooiiiiiii 8
2-6. Statistical ANAlYSiS.........ccooiiiiiiiii e ————— 8
2-7. Plotting on Pathway Maps ..........cccooiiiiiiiiiceeeeeee e 8
e RESUILS ..ot e e e e 9
3-1. Absolute Concentration ... 9
3-2. Statistical ANalYSiS..........oo i 14
3-2-1.  Principal Component ANalYSis..............cc.cccoooiiiiiiiiii i 14
3-2-2.  Hierarchical CluSter ANQIYSiS ................cccoouiieiiiiii e 15
3-3. Metabolome Data Pathway Maps ... 16
3-3-1.  Energy MetaboliSm OVEIVIEW ................c.occooiiiiiiiiiiiiiee et 17
3-3-2. Glycolysis and Pentose Phosphate Pathway ..................cc.ccccooiiiiiiiiiiciiiiiiieee 18
3533, TCA CYCIE ...ttt 19
3-3-4. Urea Cycle and Polyamine and Creatine Metabolism ............................cccccceeeiiee.. 20
3-3-5.  PUrine MetaboliSM .......................ooouuuiiiii it 21
3-3-6. Methionine Cycle and Glutathione Metabolism ........................ccccccciviiiiiiiniiiiinnnne. 22
3-3-7. Branched-chain Amino Acid MetaboliSm .....................cccccciiiiii 23
3-3-8. Lysine, Tryptophan, and Nicotinamide Metabolism...........................................o.... 24
3-3-9. Choline and Lipid MetaboliSm......................ccccccciieiiiiiiiiiiieee e 25
3-4. Metabolic Parameters ... 26
3-4-1. Adenylate Energy Charge and Total Adenylate........................ccccoiiiiiiiiiiiiiiieeenn. 27
3-4-2. Guanylate Energy Charge and Total Guanylate ..................................c.oeeeeeiiieen . 28
3-4-3. Glutathione Redox Ratio and Total Glutathione.........................cccccccccceeiiiiiiiinnnnn.n. 29
3-4-4.  NADPH / NADPY ......... ettt ettt e e et e e e et e e e e nneeeeeanes 30
3-4-5. NADH /NAD™ ...ttt ettt e e e e e e ettt e e e e e e e e e s eaeeeeaeeeseannnnnaeees 31
3-4-6. Lactate /Pyruvate (LP ratio) ..................coooiuueiiiiiiii et 32
3-4-7. Glycerol 3-phosphate / DHAP ................ccoooo oo, 33
3-4-8. Total AMINO ACIS .............oooiiiiiii e 34
3-4-9. Total Essential Amino ACiIdS ................cccooiiiiiiiiiiiiiiiii e 35
3-4-10. Total Non-essential Amino ACids.................cooooiii it 36
3-4-11. Total Glucogenic AmiNo ACIdS.................oooiuuuiiiiiiiii i 37
2
HMT

Human Metabolome Technologies, Inc.



TLDUV-HMT-001

3-4-12. Total Ketogenic AmMiNO ACidS ..................coooeemmiiiii i 38
3-4-13. Total Branched-chain Amino ACidS ..................ccccccccciiiiiiiiiii 39
3-4-14. Total Aromatic AMiNO ACIAS ..............cccoooiieiiiie i 40
3-4-15. Fischer’s Ratio (BCAA/AAA) ......... e 41
3-4-16. Total Glu-related AmiNO ACidS ..................ccoooiiiiiiiiiiiii 42
3-4-17. Total Pyr-related Amino ACIdS ..................cccouiiiiiiiiiiiie e 43
3-4-18. Total Acetyl CoA-related Amino Acids ....................cccooeiiiiiiiii 44
3-4-19. Total Fumarate-related Amino ACIdS ................c..ccccoeiiiiiiiii e 45
3-4-20. Total Succinyl CoA-related Amino ACidS ................cccooeiiiiiiii e, 46
3-4-21. Total Oxaloacetate-related Amino AcCids ..................ccccccooeiiiiiiiiiiiiiiiiii 47
3422, MAIALE / ASP ..ot e e e e e e e e e e e aeees 48
3-4-23. Citrulline /OrnitRine...........................oo i 49
3-4-24. Glu/2-Oxoglutarate........................ccooooieiiiii e, 50
3-4-25. Glucose 6-phosphate / Ribose 5-phosphate............................coooiiiiiiiiiiiiiiiiieeee, 51
3-4-26. S-Adenosylmethionine (SAM) / S-Adenosylhomocysteine (SAH).................c.......... 52
3-4-27. Putrescine / Spermidine ...................cccccoiiiiiiiiiiii e 53
4, RefereNCES ... 54
5. Storage Place for Data, Documents and Samples...............cccccuvuiiiiiiiiiiiiiiiiiiiiiennne 55

3

HMT .
Human Metabolome Technologies, Inc.



TLDUV-HMT-001

Study Summary
1-1. Purpose of Study

Analyzing the ionic metabolites in the prostate cancer cells by CE-TOFMS and CE-QqQMS.
1-2. Analysis Summary

Targeted quantitative analysis was performed on 50 samples of prostate cancer cells using capillary
electrophoresis mass spectrometry (CE-TOFMS and CE-QqQMS) in the cation and anion analysis
modes for analyzing cationic and anionic metabolites, respectively. A total of 116 metabolites (54 and
62 metabolites in the cation and anion mode, respectively) involved in glycolysis, pentose phosphate
pathway, tricarboxylic acid (TCA) cycle, urea cycle, and polyamine, creatine, purine, glutathione,
nicotinamide, choline, and amino acid metabolisms were annotated based on the HMT metabolite

database.
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2. Materials and Methods

2-1. Materials

The samples were sent from University of Toledo (In this report, it is written as “University of
Toledo” .) to HMT. The sample information is listed in Table 1.

Table 1: Sample Information

Name Amount (x10° cells) Group D"Htion§ D“.““°”§
(Cation) (Anion)

C4-2B-1-1 3.6996 1 5
C4-2B-1-2 3.6996 Control 1 5
C4-2B-1-3 3.6996 1 5
C4-2B-2-1 3.5370 1 5
C4-2B-2-2 3.5370 Enzalutamide 1 5
C4-2B-2-3 3.5370 1 5
C4-2B-3-1 4.1309 1 5
C4-2B-3-2 4.1309 AR-C 1 5
C4-2B-3-3 4.1309 1 5
C4-2B-4-1 6.1772 1 5
C4-2B-4-2 6.1772 AZD 1 5
C4-2B-4-3 6.1772 1 5
C4-2B-5-1 4.5254 1 5
C4-2B-5-2 4.5254 Syrosingopine 1 5
C4-2B-5-3 4.5254 1 5
C4-2B-6-1 4.3612 1 5
C4-2B-6-2 4.3612 Enza-AR-C 1 5
C4-2B-6-3 4.3612 1 5
C4-2B-7-1 4.0663 1 5
C4-2B-7-2 4.0663 Enza-AZD 1 5
C4-2B-7-3 4.0663 1 5
C4-2B-8-1 3.1532 1 5
C4-2B-8-2 3.1532 Enza-Syro 1 5
C4-2B-8-3 3.1532 1 5
C4-2B-MD-1-1 6.0100 1 5
C4-2B-MD-1-2 6.0100 Control-MD 1 5
C4-2B-MD-1-3 6.0100 1 5
C4-2B-MD-2-1 4.5208 1 5
C4-2B-MD-2-2 4.5208 Enzalutamide-MD 1 5
C4-2B-MD-2-3 4.5208 1 5
C4-2B-MD-3-1 3.7309 1 5
C4-2B-MD-3-2 3.7309 AR-C-MD 1 5
C4-2B-MD-3-3 3.7309 1 5
C4-2B-MD-4-1 3.8100 1 5
C4-2B-MD-4-2 3.8100 AZD-MD 1 5
C4-2B-MD-4-3 3.8100 1 5
C4-2B-MD-5-1 5.2320 1 5
C4-2B-MD-5-2 5.2320 Syrosingopine-MD 1 5
C4-2B-MD-5-3 5.2320 1 5
C4-2B-MD-6-1 3.0866 1 5
C4-2B-MD-6-2 3.0866 Enza-AR-C-MD 1 5
C4-2B-MD-6-3 3.0866 1 5
C4-2B-MD-7-1 4.3390 1 5
C4-2B-MD-7-2 4.3390 Enza-AZD-MD 1 5
C4-2B-MD-7-3 4.3390 1 5
C4-2B-MD-8-1 4.5250 1 5
C4-2B-MD-8-2 4.5250 Enza-Syro-MD 1 5
C4-2B-MD-8-3 4.5250 1 5
22Rv1-1 3.1734 Control-Rv1 1 5
22Rv1-MDVR-1 2.7512 Control-Rv1-MD 1 5

§ Dilution factors for Measurement
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2-2. Sample Preparation

Culture medium was removed and the cells were washed twice with mannitol solution. The cells
were then treated with methanol and homogenized for 30 sec. Next, Milli-Q water containing internal
standards (10 uM) was added to the cell extract, followed by further homogenization for 30 sec. The
cell extract was then centrifuged at 2,300 x g, 4°C for 5 min, after which the supernatant was
centrifugally filtered at 4°C through a 5-kDa cut-off filter (ULTRAFREE-MC-PLHCC, Human
Metabolome Technologies, Yamagata, Japan) to remove macromolecules. The filtrate was evaporated

to dryness under vacuum and was reconstituted in Milli-Q water for metabolome analysis.
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2-3. Cation Analysis

Cationic compounds were measured in the cation mode of metabolome analysis as shown in Table
2 based on the methods described in the references (1-3). The samples were diluted as shown in Table

1 to improve analysis qualities of the CE-TOFMS analysis.

Table 2: Device and Analytical Condition in Cation Measurement

Device
CE-TOFMS Agilent CE-TOFMS system (Agilent Technologies) Machine No. 13
Capillary Fused silica capillary, i.d. 50 pm % 80 cm
Analytical Condition
Run buffer Cation buffer solution (p/n: H3301-1001)
Rinse buffer Cation buffer solution (p/n: H3301-1001)
Sample injection Pressure injection at 50 mbar, 5 s
CE voltage Positive, 30 kV
MS ionization ESI Positive
MS capillary voltage 4,000 V
MS scan range m/z 50-1,000
Sheath liquid HMT sheath liquid (p/n: H3301-1020)

2-4. Anion Analysis

Anionic compounds were measured in the positive or negative mode of metabolome analysis using
CE-MS/MS as shown in Table 3 based on the methods described in the references (1-3). The samples
were diluted as shown in Table 1 to improve analysis qualities of the CE-QqQMS analysis.

Table 3: Device and Analytical Condition in Anion Measurement

Device
CE Agilent CE system
MS Agilent 6460 TripleQuad LC/MS Machine No. QqQ]1
Capillary Fused silica capillary, i.d. 50 pm x 80 cm
Analytical Condition
Run buffer Anion buffer solution (p/n: H3302-1023)
Rinse buffer Anion buffer solution (p/n: H3302-1023)
Sample injection Pressure injection at 50 mbar for 25 s
CE voltage 30 kV
MS ionization ESI Positive and negative

MS capillary voltage 4500 V for positive and negative mode
Sheath liquid HMT sheath liquid (p/n: 13301-1030)
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2-5. Data Processing

Peaks detected in CE-TOFMS analysis were extracted using automatic integration software
(MasterHands ver.2.19.0.2 developed at Keio University) (4) and those in CE-QqQMS analysis were
extracted using automatic integration software (MassHunter Quantitative Analysis B.06.00 Agilent
Technologies, Santa Clara, CA, USA) in order to obtain peak information, which includes m/z,
migration time (MT), and peak area. The peak area was then converted to relative peak area by the
following equation'. The peaks were annotated based on the migration times in CE and m/z values
determined by TOFMS.

Metabolite Peak Area

1 Relative peak Area =
Internal Standard Peak Area x Normalization Factor?

2 Normalization factor is calculated if the volume or amount of samples used in the analysis is varied

depending on the samples.

Putative metabolites were then assigned from HMT metabolite database on the basis of m/z and MT.

The tolerance was +0.5 min in MT and +10 ppm® in m/z.

Measured Value — Theoretical Value
3 Mass error (ppm) = X100
Measured Value

In addition, absolute quantification was performed on 116 metabolites including glycolytic and
TCA cycle intermediates, amino acids, and nucleic acids. All the metabolite concentrations were
calculated by normalizing the peak area of each metabolite with respect to the area of the internal

standard and by using standard curves, which were obtained by three-point calibrations.
2-6. Statistical Analysis

Hierarchical cluster analysis (HCA) and principal component analysis (PCA) (5) were performed
using statistical analysis software (developed at HMT). The analysis results are shown in the attached

Excel file in detail.
2-7. Plotting on Pathway Maps

Detected metabolites were plotted on metabolic pathway maps using VANTED (Visualization and
Analysis of Networks containing Experimental Data) software (6). The abbreviations of some
metabolites used in VANTED are different from those in the HMT metabolite database (Table 3). The
pathway map in VANTED was prepared based on the metabolic pathways that are known to exist in

human cells.
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3. Results
3-1. Absolute Concentration

Absolute concentration of 116 compounds in the prostate cancer cells is listed in Table 4 in ID

order.
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Table 4: Absolute Concentration of 116 Compounds

AT DB cols)
[ Compound rame Control Enzalutamide "R ) Syrosingopine EnzaARC Enza.AZD Enza:Syro ControkVD Enzalutamide-MD.
Vean S0, Nean SD. Nean SO, Nean SO, Wean SO, Wean so Vean SO Vean S0, Nean SO, Nean SO,
A001 NAD 8146 %7 6384 1008 8538 2040 4981 164 5775 655 450 31 429 07 6314 578 703 w7 6664 EQ
A0002 cavP 79 06 a7 15 86 24 48 05 62 014 43 02 36 02 61 008 52 02 43 07
A0S caMP NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
AL0004 NADH 565 7 762 a1z 633 106 32 EY 481 E a0 19 490 55 604 102 a5 @ a8 a7
AL0005 Xarihine 7 96 79 3t 57 15 52 " . " 7 " ® 14 % 2 217 & a6 £
AL0006 ADP-rbose 1 23 F 1 1 40 13 28 65 23 " 14 2 18 i 14 1" 33 10 25
AL0007  Mevalonic acid NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
ALD008 UDP-glucose 1540 4 857 105 1684 89 1245 £ 1562 149 818 212 688 3 1117 106 1261 165 1046 205
ALD009 Uric acid ® 65 NA NA NA NA 02 69 S 2 a7 NA 38 NA 38 NA 2 18 ES 18
A010 NADP" 82 ) a2 130 617 89 358 o o7 % 35 57 06 a5 456 2 414 138 s 104
Aoo1 e % 30 52 7 w0 25 % 22 a7 65 3 33 s aa 51 67 50 Eg 3 38
AL0012 Sedoheptiose 7-phosphate. NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
A0013 Glucose &-phosphate 950 2 933 174 1276 251 944 8 554 139 516 st 622 55 a4 ® 659 16 2 8
ADD14 Fructose 6-phosphate 20 27 268 o7 £ 83 263 81 144 a“ 149 18 168 2 18 2 201 15 el 2
ALDD15 _ Fructose 1-phosphate 2 “ NA NA 3 NA ) EJ NA NA NA NA NA NA NA NA NA NA NA NA
AL0016_ Galactose T-phosphate 2 4z 3 10 £ 1 3 96 61 63 a7 57 % a2 % 85 3 1" 2 74
ALO017 Glucose T-phosphate 204 19 184 7 201 70 128 s 116 " 104 15 119 a5 2 2 107 16 ” 55
AL0018  Acetoacelyl CoA NA NA 18 NA 2 42 12 NA 1 12 NA NA ® o7 2 15 NA NA NA NA
A0019 Acelyl Coa a8 36 8 54 81 91 22 13 63 23 21 04 a5 a8 33 kg 25 a7 18 17
A0020 Folic acid s a5 10 28 76 20 84 13 78 36 0 32 0 17 10 16 44 08 49 11
ALD021 Ribose Sphosphate. 58 NA o4 75 02 NA 18 54 NA NA ” 13 91 a3 58 NA 18 o3 7 NA
A002 CoA 21 3 124 w0 Ed 18 130 6 183 " 138 20 116 27 28 69 o 6 160 10
AL0023 Ribose 1-phosphate. % 27 a NA 2 14 2 26 27 95 2 83 3 1 2 30 2 87 2 03
0 86 10 26 95 63 1 81 88 16 1 68 7 “ 014 NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1789 410 39 %07
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
87 05 84 21 71 08 43 04 74 11 62 L] 63 05 92 13 a9 7 53 15
A0028 Giyceraldehyde 3-phosphate. NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
AD029 NADPH 10 a7 526 247 405 52 201 K a0 3 403 3 381 61 6% 122 a76 & 581 101
A0030 Malony| CoA 96 09 04 04 10 24 61 03 65 04 70 08 72 02 NA NA 63 09 68 05
A0031 Phosphocreatne 25.200 1310 23,989 7565 2172 1738 14567 1732 15,990 123 17144 1,331 7221 1,485 20880 2617 14962 2214 20119 1178
Aoz X 38 08 34 a4 32 18 28 09 90 08 99 09 10 31 14 31 34 34 34 07
A3 Dihydroxyacetone phosphate NA NA 62 NA NA NA 104 10 NA NA NA NA 1 NA NA NA o NA NA NA
A0034  Adenylosuccinic acid 1 14 1 67 1" 14 71 09 " 03 2t 65 1 09 15 24 2 87 89 08
A0035  Fructose 1,6-dphosphate. 7 ) 160 0 20 Ed 28 27 350 229 165 3 154 at 204 2 200 2 % 27
A L0036 6-Phosphogluconic acid % 1 107 ) o 18 & 75 £ 56 6 82 60 37 8 61 8 58 5 40
ALD0S7  N-Carbamoylaspartic acid 8 27 2 30 1" [Eg 89 31 60 24 " 26 " 30 " 08 36 6 44 05
A0 PRPP 20 2 21 2 2 2 142 " 146 2 194 15 27 P 22 Ed 107 14 182 2
AL0039 2-Phosphoglyceric acid st 5 % 13 55 1" 27 09 3 58 a3 10 a 35 o 35 B a7 a7 53
AL0040 _ 2.3-Diphosphoglyceric acid 159 190 182 £ 20 2 141 84 163 2 25 o7 20 . ar ar a 70 " a
AL0041 3-Phosphoglyceric acid 357 28 241 7 366 % 185 65 22 o7 20 at 288 a 3 2 199 0 28 )
A0042 Phosphoenolpyruvic acid 105 15 NA NA 7 ) 19 73 5 K4 6 % P 0 13 32 3 19 i 35
A0M3 GWP a2 E) 3 132 an 7 319 7 564 27 a2 0 a2 4 2 13 a0 115 2 45
Ao AVP a3 0 1035 258 658 Ed 671 32 178 179 1213 351 1,169 258 2216 145 £ a5 769 357
A0045_2-Onoisovalerc acid 130 2 315 156 15 2 8 " 107 " 210 3t 27 a3 267 2 7 2 m 40
A 0046 361 81 52 161 509 7 189 149 85 12 510 105 a9 126 781 107 0 102 2 103
A0047  Lactc acd 110923 26525 215383 50,982 71,398 8269 79927 17499 65417 2616 142016 36975 17643 30,388 89,124 17648 23290 5691 10,437 3851
Aonas 1,407 575 1 %65 1,707 104 6a0 503 2716 an 2051 1,085 262 a7 5314 1211 20 132 456
Aong GTP 12755 812 9379 1477 10,998 164 6393 341 8070 1,094 7669 1338 793 760 9449 538 94ae a3 10201 1606
A0S0 Giyonyic acid NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
A00S1 A 8,385 1981 31166 a1 8123 5320 782 2289 952 4368 27428 6616 2578 235 30311 3427 43179 nr 52024 8am
A0052  Glycerol 3phosphate 1001 a 35% 20 1,103 202 803 132 538 107 1,184 190 1879 o7 o1 6 68 162 g 52
A 0053 Giycolc acid 1778 NA NA NA NA NA NA NA NA NA NA NA NA NA 191 NA NA NA NA NA
A0054 Pyic acid 1,157 48 1328 £ 1,056 a2 828 195 1,084 240 1,089 196 1038 185 817 62 1518 NA 460 16
ALDDS5 N-Acetyigutamic acid 301 16 148 £y 269 58 250 “ 04 52 21 128 162 1 50 46 581 12 1452 20
A0056 2-Hydroxygiutaric acid 545 63 173 Y 3 % 386 # 93 6 208 61 208 2 6% 8 an 148 o7 1
AL0057  Carbamoylphosphate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
AL0058  Succinic acid 1070 08 510 8 588 283 77 263 798 202 563 197 540 100 2 103 an 1?2 %4 1
A0059 Maic acid 6188 910 NA NA 3373 2102 3318 63 2553 334 183t 632 1329 % 6 240 1579 1975 20 203
A 0060 _2.Ovogitari acid 955 82 598 204 73 198 a7 312 02 188 655 137 855 158 a2 368 1023 201 27 27

and f—
ND.(NotDetacied): The trget sk ormetabol was below dlscon Imis.
NA (Not Aibio) Th caclaton was mpossin bscause ofinsufiince of e dais.

1Tha pslue s compuled by Welh' Lgst (<0.05, <001, '<0.001)
T data are sored by 10 nascending order,
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Table 4: Absolute Concentration of 116 Compounds

TLDUV-HMT-001

AT DB cols)
Controk VD Enzalutamide ARC
[ Compond ARCHD Az Syrosingopine-ND Enza AR-C-AD Enza AZDND EnzasSyroND ControkRv1  ConrohRv1-MD) - v v
‘ompound name Control Control Control
Wean SO Nean ) Nean SO, Nean SO, Wean SO Vean SO ean Mean Rato pvalve " Ratio pvalue” Ratio” povelue T
A001 NAD 10343 2854 9566 1992 6405, 76 5956 50 4845 617 7926 2005 9618 7268 09 0031 08 0084 10 0772
A0002 cavP 8 24 64 08 51 03 a7 07 37 05 61 6 a5 15 08 0008 08 0061 11 0703
A0S eGP NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
AL0004 NADH 810 217 535 w0 307 55 679 & 29 E 53 82 753 781 06 0013+ 13 0388 11 0417
ALD005 Xarihine 480 110 376 & 31 ) 661 8 535 110 516 102 69 ) 30 0054 14 0775 08 0206
AL0006 ADP-rbose 19 19 E) 56 08 34 2 55 21 09 2 a1 P £y 07 0158 16 0299 10 0844
AL0007  Mevalonic acid NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
AL0008  UDP-glucose 1799 524 1888 5 1054 " 1,005 187 853 8 1478 s 125% 2124 08 001 08 0003 11 0030
A0009  Uric acid 52 NA 5 ES 2 3 2 NA S 1 s & 16 126 18 0354 < NA < NA
AD010 NADP" 47 193 0 ) 385 6 250 43 181 a1 a1 91 a2 25 05 0027+ 05 000 * 07 0038 *
Aoor e 201 7 50 1" 2 a1 ot 30 6 86 3 54 % 165 09 0756 09 0620 o7 0o
AL0012 Sedoheptiose 7-phosphate. NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
A0013 Glucose 6-phosphate 1,146 s12 952 169 493 76 567 120 407 4 746 a5 89 93 o7 58E05 ™t 10 0883 13 0153
ADD14 Fructose 6-phosphate 3 137 264 £ 136 2 141 % 120 63 211 % 217 128 o7 o007 08 0573 13 0205
ALD015 _ Fructose 1-phosphate % % i NA NA NA NA NA NA NA NA NA 3 NA <t NA < NA 10 NA
AL0016_ Galactose T-phosphate 3 £ 74 EY % 2 21 52 2 56 3 1 2 EY o7 0155 o7 0267 13 o02n
ALO017 Glucose T-phosphate 170 63 139 14 o7 15 133 21 8 15 122 2 213 142 05 0003 09 0685 10 o777
AL0018  Aceloacelyl CoA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1< NA 1< NA
AL0019 Acelyl Coa 34 11 13 14 07 03 65 54 20 06 26 37 a7 26 05 0511 17 0451 18 0584
AD020 Folic acid 81 44 62 ks 56 15 52 08 55 07 a1 04 11 2 03 0078 08 0488 05 01n
ALD021 Ribose S-phosphate. 2 2 “ 3 86 NA 1 2 £ 73 12 " 52 3 31 NA 16 NA 003 NA
A002 CoA 259 ar 2 5t 9 2 181 3 137 2 167 g 31 19 03 0025 04 0009 10 0931
A0023 Ribose 1-phosphate. £l 15 2 05 2 6 2 32 B " 20 NA 52 116 09 0785 16 NA 11 0742
NA NA NA NA NA NA NA NA NA NA NA NA £ 10 <t NA 10 0951 09 0921
2705 59 3418 151 2998 403 19% an 1763 st 3085 1,957 NA NA 1< NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
3 23 11 04 64 09 " 20 89 IR 63 13 2 2 06 o048+ 10 0824 08 0048 *
A0028 Giyceraldehyde 3-phosphate. NA NA NA NA NA NA NA NA NA NA NA NA 215 o8 NA NA NA NA NA NA
A0029 NADPH o1 149 657 152 387 1" 565 o1 82 100 605 184 50 a2 09 0851 13 0501 12 0091
A 0030 Malony| CoA 3 31 92 o7 NA NA 2 15 89 09 85 11 a 13 o7 0009 10 0664 11 0824
A0031 Phosphocreatne 27.39% 10062 18,064 %6 16,108 1941 16753 2166 13064 1330 20599 3738 26899 18,981 06 0005 10 0808 09 0187
Aoz X 72 23 72 38 29 23 " 43 71 21 34 19 NA 13 08 089 08 0914 08 0613
A3 Dihydroxyacetone phosphate 23 NA a7 il % 53 £ NA £ Y 20 o 661 204 1< NA 1< NA NA NA
AL0034  Adenylosuccinic acid ke 50 16 74 89 28 17 25 13 19 91 16 " 2 14 0899 12 053 09 0479
AL0035  Fructose 1,6-diphosphate %2 104 266 7 217 2 139 % 115 15 257 s 559 635 o7 0057 08 0080 12 0253
A L0036 6-Phosphogluconic acid 128 a7 8 81 63 79 o 87 o 26 o 0 167 159 06 002 1 0807 09 0699
ALD0S7  N-Carbamoylaspartic acid o % 3 = 54 03 141 15 102 66 36 08 21 125 02 0003 15 000 - 05 007 -
A0 PRPP 6o 184 214 51 119 76 o ® 203 13 140 " 1013 4380 05 o005 - 10 0945 10 0843
AL0039 2-Phosphoglyceric acid 60 2t a2 10 2 33 57 39 4@ 43 % a7 5 5 06 0020 o7 0167 11 0673
AL0040 _ 23-Diphosphoglyceric acid 258 5 13 a8 6 15 2w 1 169 2 5% 38 23 142 03 0005 14 0891 15 0009
AL0041 3-Phosphoglyceric acid 08 144 266 E 170 2 Eg 4 312 at 70 Y 3 66 08 002 [ 0119 10 0874
A0042  Phosphoenolpyruvic acid 1 £ 65 2 2 62 & 13 115 EY 2 B Y 7 03 o007 < NA 07 0360
A0N3 GIP a2 25 625 2 365 5 754 139 563 100 an 6 2 215 10 0838 13 0275 10 g3
Aoos AVP 2266 1131 1528 763 a1 214 1971 as7 1438 a7 %00 85 %69 512 19 0203 21 0103 13 0608
A0045_ 2-Onoisovalerc acid 198 65 131 3 102 09 27 2 198 a7 143 a5 NA 187 06 0183 24 0174 10 0852
A 0046 a7 52 a0 188 m £ 556 £ 07 Bl 127 a 659 sit 08 0647 15 0264 14 0290
A0047  Lactc acd 22738 69219 %279 71,903 24250 6018 37259 2783 272671 23500 17984 5688 19079 371343 02 0025 19 0061 08 0112
Ao0sg o7 2305 558 144 a7 199 2008 167 1,100 215 a8 239 3 225 02 o071 13 054 12 0463
Aong GTP 16770 4380 12839 788 8924 62 10925 121 9383 877 1z 2368 16,078 8091 o7 0008 o7 0019+ 09 0084
A0S0 Giyonyic acid NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
A00S1 A 65,290 18,948 62137 8142 42781 2497 5513 9625 37.480 462 54070 10112 126 2407 09 003 06 75600 10 0942
A0052 Glycerol 3phosphate 2203 74 1377 2 02 59 303 412 2855 31 65 a7 1807 2100 05 0024 35 0002 11 0476
A 0053 Giycolc acid NA NA NA NA NA NA NA NA 715 NA NA NA NA NA <« NA < NA < NA
A00S¢ Pyic acid 1499 205 1028 2 NA NA 2308 1038 1864 255 861 a76 3498 NA 13 NA 11 0481 09 0769
ALDDS5 N-Acetyigutamic acid 1,030 a2 639 161 668 13 999 192 830 2 89 [ 5 a1z 19 0047+ 05 0005 08 0442
AL0056 2-Hydroxygiutaric acd an 105 20 104 395 £l 261 2 223 2 3 62 91 % 08 0254 03 0003 09 0382
AL0057  Carbamoylphosphate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
AL0058  Succinic acid 843 303 627 358 367 5 567 105 490 52 304 s 80 35 04 0085 05 0081 05 0117
A0059  Maic acid 5547 2063 3319 3708 1,003 a3 284 1130 2881 655 659 159 4751 NA 03 00 - < NA 05 0132
A 0060 _2.Ovogiutari acid 1229 853 169 31 45 NA 2246 517 2638 o2 584 o35 2517 07 1 0728 08 0113 08 0212
p—

ND.(NotDetacied): The trget pak ormetabolt was below slacon Ims.
NA (Not Aiblo) Th calclaton was mpossie bscause o nsuficionce of e da.

1Tha pslue s compuled oy Welh' Lgst (<0.05, <001, *<0001)
T data are sored by1D inascending order,
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TLDUV-HMT-001

Table 4: Absolute Concentration of 116 Compounds

i o8 Conceraton (ol cels)
© Campound rame Contol Enzautamide me A Syrosingopne EnzahRC EnzaizD Enzasyo ConokiD Enzaltamide-VD
= 55 Vo 55 Yoo = o = o = o 55 = 55 = 55 o 55 oo =5

o1 Famarc 39 51 B B A = &l B & = 3 ar o = w % 7y e = = T
Aoz G sca 2z w0 | romes s | mem sse | 120 o | e 105 | tean 2z | e e | mae s | oo o oz 2008
AL0083  cis-Aconic ace P P a1 a s s ot w 0 4 27 P a0 % a7 = 5 o 1 %
A0t ot s 1354 o1 1162 2 1002 P wat w o4 @ 1022 ™ 060 20 11 % oo ® Py P
o1 uea o ) sm | e o s san |zt sez | 2 s | aane sess | atse ase | i ame | wan 1350
oo Gy w2 e e s | moow  msw | nm e | mews  mae | tmew o | esow e | e e | o s | s 7382
CLo0ea Puirscine o ! NA NA @ s P NA % = b NA A NA ) A o1 s NA NA
Coms pam a2 2t aats 2 pres a5 s sea s P arie w4 425 st e s 271t e asor w2
CLoms Sarosie = % s o 200 a5 1500 w 1983 Py 1307 2 1209 5 1305 5 % o wt @
Come na 4300 s |z s | mwe  mom | s o | wame  mam | wom s | aoam s | o s | s s | ores 420
000 W.N-Dimetnyaiine A A NA NA NA nA A A A A A A A NA A NA NA NA NA NA
[ ——— s = 1573 @ s sc0 2507 P 26 520 145 P 1470 00 162 o 2130 sts P B
CLomte Choine A A 0o NA NA NA NA NA NA NA NA NA 0 254 NA A NA NA NA NA
oot ser @70 004 e ssar | assts a7 | 2 am | st s s sws | o w2 | s s eae st | e 1501
oot Gamosine an % n 15 a2 st 221 " 0 % 5 P a7 o n o0 104 P 0o 51
ootz Groanie oot or 0 a0 £ i 52 @ o14 ) i ) o1 54 s B E 0 0 b
coa rro Py s s sz | e s | esos 2 | s s | smen  ome | sies sser | oz s | wase sar | ere 1208
Coote val 1850 o 2500 £ oot aes 1456 st sor a1 s art s s o5 22 1506 - soms a5
CLoots getaine 153 2 w2 1455 = e s P 2 @ 1404 o a0 7o o NA o0 NA = 154
Coote_The w017 7 7611 721 6410 s sa7s 1055 e son sae2 148 s o | as s a5 ) a0z o0
o0t Fomoserine A NA NA NA NA NA NA NA NA NA NA NA NA A A NA o NA i NA
CLoota  Betans acenyce NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA Na NA
oot o e = s 12 = s P P 22 w w1 s w 214 s 1 o 1479 1504 e
g — w7 s mam | e e | mam 25 | e e | e a2 a6 s | mme s |z son | e 175
CLom1_creane 06 @ o am | asses ases | zmon s | s e | e s | st o2 | aas oo | asom oz | aoass 1569
o022 tew oz e 7408 1518 g 1140 ) ] arss T2 fre 1o 5473 e e 2 an o 0 w7
o 1o ot e 70 1560 e osa <o oo T o8 7385 1 oo om0 ot P 524 a0 50
Clomes asn w2 wa | teee tess | aress w | e | o 200 e s | e 20 | e w2 s | 2w w2
CLouzs omnne o 178 asee e | o w | e w | oss 2 s 1 o w | 0w e sar P s0a7 e
CLouzs ssp 634 rars 113 o | e e | o | new 1o s 2 2s5m s |z o4 | ase | a0z raas
o0z Homocysione NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
CLouze ader NA NA NA NA NA NA 23 NA 0s NA o2 NA NA NA 1 NA I 0 P 10
Py —, ot = ar o s P sa2 @ pres 5ot a7t 0 1361 a4 2024 w© o0 P wr s0
CLom0 spermidne e os w 1 = 1 o a0 o o o B o s o7 53 = 0 o 22
oG 2am = ey ® 2570 1250 200 w1 a0 ) 1300 ) 1555 r 1504 = sar 20m 280 0
Co s a6m oz sore 20 276 " 22 ™ S0 w0 71 T oo oo oo oo 2745 o 767 s
Coom G s e s 16w | s e | s7es s | s P A s | s sz w05 2 o tose
ot et 179 21 sz = 05 w 1015 0 175 2t 24 54 262 o 5108 " w05 s 2162 ars
CLoms Guanine 00 74 n » o o ™ 6 a0 w7 sar o ) 05 sor E 152 s s u
oo s 258 = 265t P 2589 o 2657 s sam so0 sem ) s an se 20 201 P 38 e
oo Garine ) o1 NA NA £ s st = 2 s NA NA NA NA A NA a7 w T NA
oo pre 1560 P 240 20 a5 a 1ot P 25 r e s o st szt 51 P a0 210
oo g a8 e 21 %0 1557 554 2601 Y 262 1429 26 w08 aase Py 208 st 126 I 170 7
oo Cirutne s w 0 © 05 o5 T 1s o 2 00 P 154 2 ot B " " NA
Coon 7 205 wor 251 Py 2112 s 21 st soon s ases e ases ) 620 257 1651 = aers =
o0z s-Adenosyhomecysane ) 7 B o “ 55 Bl i @ 5 = 2 i 24 E3 » ae ES =
t— P ® s ® n o =5 @ o2 = @ % ars % P o a5 z ara P
oo Trp P P o5 ™ 224 1 225 w0 5ot o 1027 s o5 08 1525 @ 2 % w2 0
CLonts Cpsationine e 0 7 o 207 0 20 319 adzs 7o o a7 510 o 1% P 6724 1385 a0 I
oot Adrasine os A A A NA NA o5 A a7 23 o7 0s o7 A as 11 0 a7 NA NA
o047 nosie T B i 35 7 2 » a o = i £ 5 » w » £ 2 = 72
CLos Guancsine 2 e 1 26 P P o . s 2 % s st s = T 2 o s s0
CLonse grnosuccic ac " © o1 s e an I = s s P o © o ® a7 o o o 20
€_0050 Giutathione (GSSG) 13,581 3,600 12,298 3,958 11,741 1788 1222 4,868 9,739 1664 10,242 5734 5,666 863 12,385 4015 11,849 4661 12,498 902
o051 Gutaone (65H) st 779 o116 1w | s a6 [ A ez | e g tase 1w | e er | o e |z 20
C ooz o i 2rs i ) i m i 0 w m i 21 i s @ st “ o2 0

'The pslue i compuiad by Welch' Lst (<05
T da ars sorte by10 inasconding order,
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Table 4: Absolute Concentration of 116 Compounds

TLDUV-HMT-001

HNT DB f cells)
ConroHvD Enzalvamide ARC
o ARCMD AzDAD Syrosingopine-VD EnzaAR.CAD Enza-AZDMND Enza-SyroD GontrolR1  ContrakRvi-ND v v v
Compound name Gontol Control Contol

Vean ) Noan SD. Wean D Nean D Wean D Wean SO Vean Vean Ratio" prvaive Ratio” prvaue” Ralio” poaive”
A0061 _Fumarc a0 &1 7% 3 EQl £ % 571 8 E3 [ & % 3 NA 04 0285 003 NA 05 0160
A0082  Gitric acid 2149 200 14763 2186 9420 25 21262 2172 16621 1,149 10755 2988 25562 1380 05 oo 09 o4t 10 0872
AL0083  cis-Aconitc ackd 13 140 1 ® 126 90 464 2 39 3 [ a3 a2 7 05 55E05 ™ 11 0165 10 0992
A0084  octic acid 1541 52 1,121 07 556 154 1511 144 1,194 148 585 101 2025 513 05 oots * 09 0425 08 039
C_0001_Urea 2783 10780 16621 3114 16,668 1689 18553 3549 17,565 2075 16399 1721 424 15868 04 0003 07 o141 05 ooz +
coo2 Gy 256,208 oz | 262% 087 | 227% 19650 141,104 20488 105,204 15733 2085% 53383 109496 28841 08 oo - 06 [ [ 0257
C_0003 Purescine: 27 NA NA NA a4 29 NA NA NA NA u © NA o 012 ool * < NA 13 0678
Co04 pa 6569 2672 4261 21 3928 213 2049 80 2485 401 3707 21 14,660 14342 [ 0wz 09 022 09 0370
G005 Sarcosine 1591 754 77 17 823 6 620 138 407 65 a2 o 813 28 05 0050 06 o3 26 0015+
C_0006 Aa 126469 46854 104345 8788 7219 8381 24291 1464 7976 10647 79803 0111 167453 28485 o7 002+ 04 8sE0s 10 o884
C_0007  N.N-Dimetnyiglycine NA NA NA NA NA NA NA NA NA NA N NA NA NA NA NA NA NA NA NA
C_0008  y-Aminobutyric acid 317 1208 200 755 1412 i3 1028 1o 729 2 2308 753 2361 3317 05 006 03 o001 07 o121
C_0008 Cholne NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1< NA NA NA
CL0010 Ser 32804 15821 50900 15514 %8 2613 12431 2495 9663 1737 46219 9254 8351 2026 08 007t 03 ows 1 o627
C_0011_Camosine 2719 1,105 1651 % 1,506 184 587 131 a7 & 219 27 69 10 42 o005 04 ooz 19 0326
C_0012 Creatnine o7 36 500 » 4t s EQ 106 28 3 a9 @2 o8 06 05 (XTI 07 0083 09 0250
co0t3 Pro 120624 8545 69855 4810 2576 6749 6649 1748 54,128 9298 63487 3958 328721 78565 05 oms 07 003 10 0609
Coote val 6112 2113 3005 1877 4820 251 6282 1.7 55% 1,041 7045 137 NA 1602 08 0503 18 oor7 05 0210
C_00ts  Betaine 63 788 NA NA m 7 NA NA NA NA 3 101 3979 NA 06 NA 11 o084t 03 ooz *
coote Thr 13.2% 4215 8077 1499 7.8% 162 1848 1788 9297 1259 7% 1.225 20702 8070 04 004 07 0013+ 06 0006
C_0017  Homoserne NA NA NA 16 NA NA NA NA NA NA NA 18 3 < NA NA NA NA NA
C_0018  Betaine aidehyce NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
coote Cys 198 1356 1122 603 715 759 o 02 207 kd 5 % 70 a2 65 04 04 18 0384
C_0020  Hyeronyproline 60873 27354 38195 2754 32360 201 18392 3873 16,605 223 27615 2439 181,112 18845 06 003 03 09 047t
C_0021_Creatine 59347 16697 47857 28% 40306 2485 562 9220 26,540 4173 49359 8629 40519 38759 o7 000 * 08 08 005t
C0022 Leu 12912 5090 7700 2115 9370 76 10754 2197 9067 1493 s 1369 6312 669 o7 [ 12 07 oo
co02s te 11,299 520 6683 1,804 7841 194 8383 1,983 7,168 1,083 7,901 489 9604 8373 06 000+ 11 06 oou -
c_ooz4 Asn 77457 33268 55036 339 43450 4975 2781 7107 25002 3905 0730 2591 109611 25072 06 oo+ 04 08 12608
C_o025 Omitine 672 3318 8960 49 4238 329 3210 545 2587 21 a7 760 13806 2268 04 0o 07 08 o0+
o026 34,080 17,06 0818 4543 38265 3285 8068 23 6852 1596 875 12167 12201 1542 18 00 * 012 09 0165
C_0027  Homooystene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0028 Adenine 80 NA 85 69 13 NA 002 NA 62 NA 0 82 NA NA < NA NA NA NA
C_0028  Hyporanthine 16% a8 1710 201 170 154 1421 30 1,167 196 1644 8 NA NA 14 o377 10 14 0178
©.0030  Spermidne 119 27 85 a2 2 31 i 3 B " o7 “ 353 21 04 o2 08 09 0380
com1_Gn 1320 6623 9143 1113 768 2680 aso1 62 3280 o 95616 1317 35346 812 26 0081 04 1 0833
Com Lys 8163 2481 5091 1409 6025 8203 1.406 7082 1,098 8459 1,632 1558 622 o7 0289 14 [ o187
Co0m Gu 140370 57153 160,163 1439 93477 8935 81,026 18218 64,589 10734 108,050 15122 208435 49126 12 0wz 04 10 0975
C_o04 Mt 2911 11128 1735 1 202 185 2254 3 1839 186 2456 s 579 223 08 0321 18 08 0304
C_0035 Guanine 104 2 25 78 137 o7 135 2 109 % 168 2 NA NA 08 0653 10 13 0204
C_o036 s 5310 2010 3801 s 3885 20 3438 m 3055 455 4046 391 2696 268 o7 0003 - 09 0483 09 0009
C_0037 Gamitine 105 NA 25 182 [ B NA NA NA NA £l %3 3341 0 12 03 < NA 10 0974
o0 phe asu 11128 1979 642 2562 149 3406 604 2078 450 3592 79 2379 1651 06 0114 16 oxs 06 0131
Co9 Ag 4088 3174 2056 1524 2216 %0 1,581 267 1578 550 w787 a1 w612 15276 04 0188 07 076 05 0237
G040 Ciruine o 50 2 33 S 2 3 2t e 52 ® 1 % a4 02 ooz * 15 0075 08 o2t
com1 Ty 4580 12 3224 265 3456 @ 3572 75 3208 496 3860 an 16472 3027 06 oo - 11 0415 08 0075
C_0042 s-Adenosyhomosysteine ® a 2 17 » 8 3 3 15 26 % 69 6 n 04 oo+ 05 oot * 10 0821
C_0043 Spermine 613 160 51 6 a7 5 507 s 408 2 519 8 017 21 06 0060 07 o124 09 o437
oo %9 219 486 166 6% £ %9 21 801 149 %6 192 766 a2 05 o118 16 0050 * 05 0131
C_0045  Cystathionine 6704 2702 7802 a2 5251 148 1,539 e 1205 216 552 466 4658 399 21 oo+ 02 24805 09 0134
C_0046 _Adenosine NA NA NA NA NA NA NA NA NA NA NA NA NA NA & NA < NA <t NA
C_0047 nosine & 2 7 10 o 21 6 14 iz £ % % NA NA 87 033 13 083t 26 0139
G048 Guanosine: " 84 3 " 21 81 2 70 2 76 2 13 NA NA 20 0174 12 0608 12 0861
C_0049 Avgiinosucciic acid 201 & 162 50 120 2 121 60 8 92 106 76 2104 258 06 0061 06 [T 07 0109
C_0050  Giutthione (GSSG) 13,928 4135 13291 85 1275 11892 8408 1919 9219 1,003 15,257 362 18652 10750 08 0639 09 0700 09 o488
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3-2. Statistical Analysis

3-2-1.  Principal Component Analysis

Principal component analysis (PCA) was conducted in order to compare the overall metabolomic

profiles in prostate cancer cells (Fig.1).

151
® Control
® Enzalutamide
® AR-C
C4-2B-MD-3-3 o A ; H
10- ° ® Syrosingopine
® Enza-AR-C
9C42B82 © Enza-AZD
C4-2B- %1 C4-2B-8-3 ® Enza—Syro
il C4%B-MD-6-3 © Control-MD
O H —
Caompag * G262 & Ca2BNDE2 ° ,E%Z_%u_t,argde MD
< c4- ZB&MDOf:é 2844 o AZD-MD
< C4-2B- MD-4(;54 284 2 ©  Syrosingopine-MD
g ol % . © Enza-AR-C-MD
N c.:ba@%@@z ® Enza-AZD-MD
8 C4-2B-1-1 " ec4-25:a-28%3- ® FEnza—-Syro—-MD
ca-28-3;£492B-1- ® Control-Rv1
C42BMD-1-3,C4@BABVD. ©  Gontrol-Rv1-MD
5L 29Rv1 MDVR 1C4 -2B-4-2 C4 2B-4-1
-10r-
.22RV1 -1
-15 L I | I I L L :
30 25 20 15 -10 -5 0 5 10

PC1 (28.3%)

Fig. 1: PC1 vs PC2 plot based on the result of principal component analysis
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TLDUV-HMT-001

3-2-2. Hierarchical Cluster Analysis

Hierarchical clustering analysis was conducted in order to compare the overall metabolomic

profiles in prostate cancer cells (Fig. 2).
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2: Heat map representation of metabolome profiles analyzed by hierarchical clustering analysis
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3-3. Metabolome Data Pathway Maps

Graphs of the obtained metabolome data were created and superimposed on the following metabolic
pathway maps: energy metabolism overview, glycolysis and pentose phosphate pathway, TCA cycle,
urea cycle and polyamine and creatine metabolism, purine metabolism, methionine cycle and
glutathione metabolism, branched-chain amino acid metabolism, lysine, tryptophan, and nicotinamide

metabolism, and choline and lipid metabolism, respectively (Fig. 3-11).
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3-3-1.  Energy Metabolism Overview
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Fig. 3: Energy metabolism overview

Graphs of all the 116 target metabolites were superimposed on the pathway map of overall energy metabolism. The
bars/lines represent absolute concentrations of each metabolite in Control (blue), Enzalutamide (red), AR-C (green), AZD
(orange), Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass green), Enza-Syro (brown), Control-MD (pale
red), Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink), Syrosingopine-MD (light green), Enza-AR-C-MD
(flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1 (green), Control-Rv1-MD (orange), respectively. In
addition, “N.D.” indicates that the targeted metabolites were not detected, and dashed lines show the omission of multiple
reactions between the connected metabolites.
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3-3-2. Glycolysis and Pentose Phosphate Pathway
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Fig. 4: Glycolysis and pentose phosphate pathway

Graphs of metabolites involved in glycolysis and pentose phosphate pathway (background in red) and their related
metabolites (background in pink) were superimposed on the pathway map. Bold frames are used to indicate amino acids
for a better viewability. The bars/lines represent absolute concentrations of each metabolite in Control (blue), Enzalutamide
(red), AR-C (green), AZD (orange), Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass green), Enza-Syro
(brown), Control-MD (pale red), Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink), Syrosingopine-MD (light
green), Enza-AR-C-MD (flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1 (green), Control-Rv1-MD
(orange), respectively. In addition, “N.D.” indicates that the targeted metabolites were not detected, and dashed lines
represent the reactions with enzymes that have not been identified in humans.
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3-3-3. TCA Cycle
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Fig. 5: TCA cycle

Graphs of metabolites involved in TCA cycle (background in red) and their related metabolites (background in pink) were
superimposed on the pathway map. Bold frames are used to indicate amino acids for a better viewability. The bars/lines
represent absolute concentrations of each metabolite in Control (blue), Enzalutamide (red), AR-C (green), AZD (orange),
Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass green), Enza-Syro (brown), Control-MD (pale red),
Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink), Syrosingopine-MD (light green), Enza-AR-C-MD (flesh
color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1 (green), Control-Rv1-MD (orange), respectively. In addition,
“N.D.” indicates that the targeted metabolites were not detected, and dashed lines represent the reactions with enzymes
that have not been identified in humans.
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3-3-4. Urea Cycle and Polyamine and Creatine Metabolism
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Fig. 6: Urea cycle and polyamine and creatine metabolism

Graphs of metabolites involved in urea cycle, polyamine metabolism and creatine metabolism (background in red) and
their related metabolites (background in pink) were superimposed on the pathway map. Bold frames are used to indicate
amino acids for a better viewability. The bars/lines represent absolute concentrations of each metabolite in Control (blue),
Enzalutamide (red), AR-C (green), AZD (orange), Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass
green), Enza-Syro (brown), Control-MD (pale red), Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink),
Syrosingopine-MD (light green), Enza-AR-C-MD (flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1
(green), Control-Rv1-MD (orange), respectively. In addition, “N.D.” indicates that the targeted metabolites were not
detected, and dashed lines represent the reactions with enzymes that have not been identified in humans.
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3-3-5. Purine Metabolism
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Fig. 7: Purine metabolism

Graphs of metabolites involved in purine metabolism (background in red) and their related metabolites (background in
pink) were superimposed on the pathway map. The bars/lines represent absolute concentrations of each metabolite in
Control (blue), Enzalutamide (red), AR-C (green), AZD (orange), Syrosingopine (mazarine), Enza-AR-C (purple),
Enza-AZD (grass green), Enza-Syro (brown), Control-MD (pale red), Enzalutamide-MD (jade green), AR-C-MD (lilac),
AZD-MD (pink), Syrosingopine-MD (light green), Enza-AR-C-MD (flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red),
Control-Rv1 (green), Control-Rv1-MD (orange), respectively. In addition, “N.D.” indicates that the targeted metabolites
were not detected, and dashed lines represent the reactions with enzymes that have not been identified in humans.
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3-3-6. Methionine Cycle and Glutathione Metabolism
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Fig. 8: Methionine cycle and glutathione metabolism

Graphs of metabolites involved in methionine cycle and glutathione metabolism (background in red) and their related
metabolites (background in pink) were superimposed on the pathway map. Bold frames are used to indicate amino acids
for a better viewability. The bars/lines represent absolute concentrations of each metabolite in Control (blue), Enzalutamide
(red), AR-C (green), AZD (orange), Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass green), Enza-Syro
(brown), Control-MD (pale red), Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink), Syrosingopine-MD (light
green), Enza-AR-C-MD (flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1 (green), Control-Rv1-MD
(orange), respectively. In addition, “N.D.” indicates that the targeted metabolites were not detected, and dashed lines
represent the reactions with enzymes that have not been identified in humans.
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3-3-7. Branched-chain Amino Acid Metabolism
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Fig. 9: Branched-chain amino acid metabolism

Graphs of metabolites involved in branched-chain amino acid metabolism (background in red) and their related
metabolites (background in pink) were superimposed on the pathway map. Bold frames are used to indicate amino acids
for a better viewability. The bars/lines represent absolute concentrations of each metabolite in Control (blue), Enzalutamide
(red), AR-C (green), AZD (orange), Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass green), Enza-Syro
(brown), Control-MD (pale red), Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink), Syrosingopine-MD (light
green), Enza-AR-C-MD (flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1 (green), Control-Rv1-MD
(orange), respectively. In addition, “N.D.” indicates that the targeted metabolites were not detected, and dashed lines
represent the reactions with enzymes that have not been identified in humans.
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3-3-8. Lysine, Tryptophan, and Nicotinamide Metabolism
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Fig. 10: Lysine, tryptophan, and nicotinamide metabolism

Graphs of metabolites involved in lysine, tryptophan, and nicotinamide metabolism (background in red) and their related
metabolites (background in pink) were superimposed on the pathway map. Bold frames are used to indicate amino acids
for a better viewability. The bars/lines represent absolute concentrations of each metabolite in Control (blue), Enzalutamide
(red), AR-C (green), AZD (orange), Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass green), Enza-Syro
(brown), Control-MD (pale red), Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink), Syrosingopine-MD (light
green), Enza-AR-C-MD (flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1 (green), Control-Rv1-MD
(orange), respectively. In addition, “N.D.” indicates that the targeted metabolites were not detected, and dashed lines
represent the reactions with enzymes that have not been identified in humans.
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3-3-9. Choline and Lipid Metabolism

Glycolysis

Fig. 11: Choline and lipid metabolism

Graphs of metabolites involved in choline and lipid metabolism (background in red) and their related metabolites
(background in pink) were superimposed on the pathway map. Bold frames are used to indicate amino acids for a better
viewability. The bars/lines represent absolute concentrations of each metabolite in Control (blue), Enzalutamide (red),
AR-C (green), AZD (orange), Syrosingopine (mazarine), Enza-AR-C (purple), Enza-AZD (grass green), Enza-Syro (brown),
Control-MD (pale red), Enzalutamide-MD (jade green), AR-C-MD (lilac), AZD-MD (pink), Syrosingopine-MD (light green),
Enza-AR-C-MD (flesh color), Enza-AZD-MD (blue), Enza-Syro-MD (red), Control-Rv1 (green), Control-Rv1-MD (orange),
respectively. In addition, “N.D.” indicates that the targeted metabolites were not detected, and dashed lines represent the
reactions with enzymes that have not been identified in humans.

25

HMT .
Human Metabolome Technologies, Inc.



TLDUV-HMT-001

3-4. Metabolic Parameters

Metabolic parameters such as energy charge, lactate-to-pyruvate ratio (LP ratio), glutathione redox
ratio, and total amino acids are extremely useful for gaining further insights into the obtained
metabolome data and facilitating understandings of physiological states such as energy and redox
statuses of cells and tissues. Metabolic parameters are evaluated using absolutely quantified data,
which are useful for comparing the results among different study projects, while relatively quantified
data tend to be greatly varied among studies and are unsuitable for inter-study comparisons.
Equations to calculate each metabolic parameter, its relevance to cell metabolism and physiological

states are listed in Table 5.

Table 5: Metabolic Parameters and Their Relevance to Cell Metabolism and Physiology

Chapter Metabolic Parameters Equation Relevance
3-4-1  Adenylate Energy Charge ([ATP] + 0.5 x [ADP]) / ([ATP] + [ADP] + [AMP]) Energy status
3-4-1  Total Adenylate [ATP] + [ADP] + [AMP] Purine synthesis / degradation
3-4-2  Guanylate Energy Charge ([GTP] + 0.5 x [GDP]) / (GTP] + [GDP] + [GMP]) Energy status
3-4-2  Total Guanylate [GTP] + [GDP] + [GMP] Purine synthesis / degradation
3-4-3  Glutathione Redox Ratio [GSH] / [GSSG] Oxidative stress
3-4-3  Total Glutathione [GSH] + 2 x [GSSG] Glutathione synthesis / degradation
3-4-4  NADPH /NADP* [NADPH] / [NADP*] Oxidative stress, Fatty acid synthesis
3-4-5 NADH/NAD" [NADH] / [NAD"] Redoxpotential
3-4-6 Lactate / Pyruvate (LP ratio) [Lactic acid] / [Pyruvic acid] Anaerobic glycolysis, Redoxpotential
3-4-7  Glycerol 3-phosphate / DHAP [Glycerol 3-phosphate] / [DHAP] Redoxpotential
3-4-8  Total Amino Acids Sum of all 20-proteinogenic amino acids Amino acid synthesis / degradation, influx / efflux
3-4-9 Total Essential Amino Acids ?Flljwrg(;'fl'gg]lsa]ng?\]/a[l']- eul, [Lys], [Mef], [Phe], Essential amino acid degradation, influx / efflux
3410 Total Non-essential Amino Acids %T}T&Eﬁ}aiplgg}s[gs]gnéﬁ?ﬂ [Cys], [GIn], il:l]:z;(e/s:;zt)i(al amino acid synthesis / degradation,
3411 Total Glucogenic Amino Acids [SLL;T] c;fnzll[i?;;)roteinogenic amino acids except g:ﬁzzgzgg:eizsi?so acid degradation, influx / efflux,
3-4-12 Total Ketogenic Amino Acids Sum of [l [Leu], [Lys], [Phe, [Thr], [Trp] and [Tyr] Eiigg::gsfsmi”" acid degradation, influx / effiux,
3-4-13 Total Branched-chain Amino Acids (BCAA) Sum of [lle], [Leu] and [Val] Branched-chain amino acid degradation, influx / efflux
3-4-14  Total Aromatic Amino Acids (AAA) Sum of [Phe], [Trp] and [Tyr] Aromatic amino acid degradation, influx / efflux
3-4-15 Fischer's Ratio (BCAA/ AAA) [BCAA] / [AAA] Liver failure, BCAA and AAA metabolism
3-4-16 Total Glu-related Amino Acids Sum of [Arg], [GIn], [Glu], [His] and [Pro] Amino acids that are catabolized to Glu
3-4-17 Total Pyr-related Amino Acids Sum of [Ala], [Cys], [Gly], [Ser], [Thr] and [Trp] Amino acids that are catabolized to pyruvate
3-4-18 Total Acetyl CoA-related Amino Acids Sum of [lle], [Leu], [Lys] and [Trp] Amino acids that are catabolized to acetyl CoA
3-4-19 Total Fumarate-related Amino Acids Sum of [Phe] and [Tyr] Amino acids that are catabolized to fumarate
3-4-20 Total Succinyl CoA-related Amino Acids Sum of [lle], [Met] and [Val] Amino acids that are catabolized to Succinyl CoA
3-4-21 Total Oxaloacetate-related Amino Acids Sum of [Asn] and [Asp] Amino acids that are catabolized to oxaloacetate
3-4-22 Malate / Asp [Malic acid] / [Asp] Malate-Asp shuttle, Redoxpotential
3-4-23  Citrulline / Ornithine [Citruline] / [Ornithine] Arg consumption for NOS or arginase
3-4-24 Glu/ 2-Oxoglutarate [Glu] / [2-Oxoglutaric acid] Amino acid synthesis / degradation
3-4-25 Glucose 6-phosphate / Ribose 5-phosphate [Glucose 6-phosphate] / [Ribose 5-phosphate] Glycolysis, pentose phosphate pathway
3-4-26 gﬁz:gg:hmoih;‘;’;xlggﬁ) [SAM] / [SAH] Methylation status, Met metabolism
3-4-27 Putrescine / Spermidine [Putrescine] / [Spermidine] Aging, Carcinogenesis
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3-4-1. Adenylate Energy Charge and Total Adenylate
Adenylate energy charge indicates the energy status of cells, and total adenylate is the sum of
adenylate phosphates, ATP, ADP and AMP, which are evaluated by the following equations:

[ATP]+ 0.5 x[ADP]

Adenylate Energy Charge =
[ATP]+[ADP] +[AMP]

, Total Adenylate=[ATP]+[ADP]+[AMP]

According to Atkinson, D.E. (7), adenylate energy charge is maintained between 0.8 and 0.95 in
most cells, and a high energy charge may slow down the metabolism (or ATP production) and a low
energy charge may signal upregulation of metabolism. The following figures show the evaluated
adenylate energy charge, ATP, ADP and AMP. Total adenylate is often affected by the rate of de novo
purine synthesis. In addition, total adenylate tends to decrease under stressed conditions, such as
treatment with H>O,, oligomycin, and 2-deoxyglucose (8), whereas it appears to be relatively stable

against the change in medium glucose and glutamine concentration (9).
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Fig. 12: Adenylate Energy Charge and Total Adenylate
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3-4-2. Guanylate Energy Charge and Total Guanylate

Guanylate energy charge also indicates the energy status of cells as adenylate energy charge does,
and total guanylate is the sum of guanylate phosphates, GTP, GDP and GMP, which are evaluated by
the following equations:

[GTP]+ 0.5x[GDP]
[GTP]+[GDP] + [GMP]

Guanylate Energy Charge = , Total Guanylate=[GTP]+[GDP]+[GMP]

According to Derr, R.F. (10), changes in guanylate energy charge often parallel with those in
adenylate energy charge, while the guanylate energy charge changes more slowly than the adenylate
energy charge against certain stresses such as phenobarbital, ether, ammonia, and insulin coma. In
addition, in leukemia patients, total guanylate content and synthesis are lower, and total
adenylate-to-total guanylate ratio is higher in lymphocytes of patients than controls (11). The
following figures show the evaluated guanylate energy charge, GTP, GDP and GMP.
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Fig. 13: Guanylate Energy Charge and Total Guanylate
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3-4-3. Glutathione Redox Ratio and Total Glutathione

Glutathione redox ratio, or reduced glutathione (GSH) over oxidized glutathione (GSSG), indicates
the oxidative stress status of cells and total glutathione is the sum of GSH and GSSG, which are

evaluated by the following equations:

Glutathione Redox Ratio = % , Total Glutathione =[GSH] + 2 x[GSSG]

Functions of glutathione have been well-documented. Glutathione exists in almost all cells in the
body and is produced from glutamate, cysteine, and glycine by two ATP-consuming steps. More than
90% of glutathione is known to be in the form of GSH in healthy cells and tissues and a decrease of
[GSH]/[GSSG] ratio is considered to be an indication of oxidative stress. Besides its property as an
antioxidant, glutathione exhibits multiple functions such as regulation of nitric oxide cycle,
involvement in ion metabolism, DNA synthesis and repair, protein synthesis, prostaglandin synthesis,
amino acid transport, and enzyme activation (12). In relation to cancer, glutathione removes and
detoxifies carcinogens, whereas it confers resistance to chemotherapeutic drugs and protects cancer
cells (13). Note that the quantified glutathione concentrations need to be evaluated with care, as it is

highly unstable in solution and reliability of the data is relatively low.
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Fig. 14: Glutathione Redox Ratio and Total Glutathione
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3-4-4. NADPH / NADP*

NADPH is consumed in the production of fatty acids, isoprenoids, and aromatic amino acids and is
important in protecting cells against oxidative stress by transferring its reductive power to oxidized
glutathione (GSSG) via glutathione disulphide reductase (14). NADP"-to-NADPH conversion is
mainly conducted in the pentose phosphate pathway, NADPH-to-NADP" ratio shows a positive
linear relationship with glucose 6-phosphate dehydrogenase activity, which is a key regulatory
enzyme in the pentose phosphate pathway. Note that the quantified NADPH and NADP*
concentrations need to be evaluated with care, as these compounds are highly unstable in solution

and reliability of the data is relatively low.
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Fig. 15: NADPH / NADP*
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3-4-5. NADH /NAD*
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NAD" is required as cofactors in numerous reactions involved in glycolysis, TCA cycle, and

B-oxidation of fatty acids and NADH is produced as a byproduct. In contrast, NADH is required in

the electron transport chain for generating ATP via oxidative phosphorylation, and thus, the
NADH/NAD" ratio is often disturbed by a stress that affects the central carbon metabolism such as
hypoxia (15). Note that the quantified NADH and NAD" concentrations need to be evaluated with

care, as these compounds are highly unstable in solution and reliability of the data is relatively low.
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Fig. 16: NADH / NAD*
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3-4-6. Lactate / Pyruvate (LP ratio)

Lactate is the primary product of anaerobic glycolysis. In addition, pyruvate-to-lactate conversion
couples with NADH-to-NAD" conversion. Therefore, the lactate-to-pyruvate ratio, or LP ratio,
serves not only as a marker of hypoxic metabolism and ischemia (16) but also as an indirect
parameter for NADH/NAD" ratio.
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Fig. 17: Lactate / Pyruvate (LP ratio)
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3-4-7. Glycerol 3-phosphate / DHAP

DHAP-to-glycerol 3-phosphate conversion couples with NADH-to-NAD™ conversion in the cytosol,
while glycerol 3-phosphate is then converted back to DHAP, coupled with FAD-to-FADH»
conversion, in the intermembrane space of mitochondria, thereby contributing to ATP synthesis via
oxidative phosphorylation. This is the so-called glycerol phosphate shuttle and it is particularly

important in insect metabolism. Therefore, the glycerol 3-phosphate/DHAP ratio serves as an
indirect parameter for NADH/NAD" ratio and energy status.
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Fig. 18: Glycerol 3-phosphate / DHAP
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3-4-8. Total Amino Acids

Total amino acids are the summation of all the 20 proteinogenic amino acids and are evaluated by
the following equation:
Total Amino Acids = [Ala] + [Arg] + [Asn] + [Asp] + [Cys] + [GIn] + [Glu] + [Gly] + [His] + [1le]
+ [Leu] + [Lys] + [Met] + [Phe] + [Pro] + [Ser] + [Thr] + [Trp] + [Tyr] + [Val]
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Fig. 19: Total Amino Acids
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3-4-9. Total Essential Amino Acids

Total essential amino acids are the summation of all the 9 essential amino acids and are evaluated
by the following equation:
Total Essential Amino Acids = [His] + [Ile] + [Leu] + [Lys] + [Met] + [Phe] + [Thr] + [Trp] + [Val]
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Fig. 20: Total Essential Amino Acids
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3-4-10. Total Non-essential Amino Acids

Total non-essential amino acids are the summation of all the 11 non-essential amino acids and are

evaluated by the following equation:

Total Non-essential Amino Acids = [Ala] + [Arg] + [Asn] + [Asp] + [Cys] + [GIn] + [Glu] + [Gly]
+ [Pro] + [Ser] + [Tyr]
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Fig. 21: Total Non-essential Amino Acids
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3-4-11. Total Glucogenic Amino Acids

Total glucogenic amino acids are the summation of all the 18 amino acids, which can be used for
gluconeogenesis, and evaluated by the following equation:

Total Glucogenic Amino Acids = [Ala] + [Arg] + [Asn] + [Asp] + [Cys] + [GIn] + [Glu] + [Gly] +
[His] + [Ile] + [Met] + [Phe] + [Pro] + [Ser] + [Thr] + [Trp] + [Tyr] + [Val]
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Fig. 22: Total Glucogenic Amino Acids
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3-4-12. Total Ketogenic Amino Acids

Total ketogenic amino acids are the summation of all the 7 amino acids, which can be used for
ketogenesis, and evaluated by the following equation:
Total Ketogenic Amino Acids = [Ile] + [Leu] + [Lys] + [Phe] + [Thr] + [Trp] + [Tyr]
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Fig. 23: Total Ketogenic Amino Acids
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Total branched-chain amino acids are the summation of all the 3 branched-chain amino acids and

are evaluated by the following equation:

Total Branched-chain Amino Acids = [Ile] + [Leu] + [Val]
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Fig. 24: Total Branched-chain Amino Acids
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Total aromatic amino acids are the summation of all the 3 aromatic amino acids and are evaluated

by the following equation:

Total Aromatic Amino Acids = [Phe] + [Trp] + [Tyr]
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Fig. 25: Total Aromatic Amino Acids
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3-4-15. Fischer’s Ratio (BCAA/AAA)

Fischer’s ratio is the total branched-chain amino acids over the total aromatic amino acids and is
often used as an indicator for hepatic failure (17). The Fischer’s ratio can be thus evaluated by the
following equation:

[Tle]+[Leu]+[Val] [BCAA]

Fischer’s Ratio = =
[Phe]+ [Trp] +[Tyr] [AAA]

Total BCAA Total Aromatic Amino Acids

( \ 'd \
_ 20000
40000
30000 15000
g g
8 20000 & 10000
10000 5000
0 0
A J A\ J

Fischer's Ratio

\ J

Fig. 26: Fischer’s Ratio (BCAA/AAA)
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3-4-16. Total Glu-related Amino Acids

Total Glu-related amino acids are the summation of all the 5 amino acids that are catabolized to Glu
and evaluated by the following equation:
Total Glu-related Amino Acids = [Arg] + [GIn] + [Glu] + [His] + [Pro]
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Fig. 27: Total Glu-related Amino Acids
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3-4-17. Total Pyr-related Amino Acids

Total Pyr-related amino acids are the summation of all the 6 amino acids that are catabolized to
pyruvate and evaluated by the following equation:
Total Pyr-related Amino Acids = [Ala] + [Cys] + [Gly] + [Ser] + [Thr] + [Trp]
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Fig. 28: Total Pyr-related Amino Acids
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3-4-18. Total Acetyl CoA-related Amino Acids

Total acetyl CoA-related amino acids are the summation of all the 4 amino acids that are
catabolized to Acetyl CoA and evaluated by the following equation:
Total acetyl CoA-related Amino Acids = [Ile] + [Leu] + [Lys] + [Trp]
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Fig. 29: Total Acetyl CoA-related Amino Acids
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3-4-19. Total Fumarate-related Amino Acids

Total fumarate-related amino acids are the summation of all the 2 amino acids that are catabolized
to fumarate and evaluated by the following equation:
Total Fumarate-related Amino Acids = [Phe] + [Tyr]
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Fig. 30: Total Fumarate-related Amino Acids
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3-4-20. Total Succinyl CoA-related Amino Acids

Total succinyl CoA-related amino acids are the summation of all the 3 amino acids that are
catabolized to succinyl CoA and evaluated by the following equation:
Total Succinyl CoA-related Amino Acids = [Ile] + [Met] + [Val]
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Fig. 31: Total Succinyl CoA-related Amino Acids
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3-4-21. Total Oxaloacetate-related Amino Acids

Total oxaloacetate-related amino acids are the summation of all the 2 amino acids that are
catabolized to oxaloacetate and evaluated by the following equation:
Total Oxaloacetate-related Amino Acids = [Asn] + [Asp]
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Fig. 32: Total Oxaloacetate-related Amino Acids
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3-4-22. Malate / Asp
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Malate is produced from oxaloacetate coupled with NADH-to-NAD™ conversion in the cytosol and

is then converted back to oxaloacetate coupled with NAD'-to-NADH conversion inside the

mitochondria. Oxaloacetate is subsequently converted to Asp, which is able to cross the inner

mitochondrial membrane to return to the cytosol and is converted back to oxaloacetate; this cycle is

known as the malate-Asp shuttle. Since this shuttle overall transfers NADH in the cytosol to the

mitochondria for oxidative phosphorylation to produce ATP, malate/Asp ratio serves as an indirect

parameter for NADH/NAD" ratio and energy status.
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Fig. 33: Malate / Asp
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3-4-23. Citrulline / Ornithine

Citrulline-to-ornithine ratio is known to correlate with Arg consumption. The ratio increases if Arg
is metabolized via nitric oxide synthase (NOS), which produces citrulline and nitric oxide (NO), and

decreases if metabolized via arginase, which breaks down Arg into ornithine and urea (18).
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Fig. 34: Citrulline / Ornithine
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3-4-24. Glu/ 2-Oxoglutarate

Both Glu-to-2-oxoglutamate and 2-oxoglutarate-to-Glu conversions are coupled with many
reactions in amino acid metabolic pathways; the former is often involved in amino acid synthesis
and the latter is in amino acid breakdown pathways. Therefore, the Glu/2-oxoglutarate ratio serves as

an indirect indicator to show an overall significance of amino acid synthesis or degradation.
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Fig. 35: Glu / 2-Oxoglutarate
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3-4-25. Glucose 6-phosphate / Ribose 5-phosphate
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Glucose 6-phosphate-to-ribose 5-phosphate conversion is the first and a bottleneck reaction in the

pentose phosphate pathway. Glucose 6-phosphate is involved in glycolysis, whereas ribose

5-phosphate takes part in pentose phosphate pathway; therefore, the glucose 6-phopshate-to-ribose

S-phosphate ratio serves as an indirect parameter to show the significance in the activity of

glycolysis or pentose phosphate pathway.
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3-4-26. S-Adenosylmethionine (SAM) / S-Adenosylhomocysteine (SAH)
More than 120 methyltransferases are known to be SAM-dependent and the SAM/SAH ratio is a

key regulator for the activity of these enzymes and is thus considered to represent the cellular

methylation potential (19).
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Fig. 37: S-Adenosylmethionine (SAM) / S-Adenosylhomocysteine (SAH)
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3-4-27. Putrescine / Spermidine
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Putrescine and spermidine are representative polyamines, which play crucial roles in DNA

synthesis and gene expressions. In particular, the putrescine/spermidine ratio is known to increase

with age in plants (20), and it increases with severity in certain types of cancer (21).
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5. Storage Place for Data, Documents and Samples

Data and Documents will be stored in the following storage locations for 12 months after the
submission of the final report. Samples will be stored for 6 months. However, these conditions do not

apply to data re-analysis.

Storage Place for Documents

Document Depository in Human Metabolome Technologies, Inc.

Contents
+ Contact Document
* Analysis Schedule
+ Sample Preparation Procedure
* Analysis Condition
* Analysis Result
* Final Report

Storage Place for Electronic Files

Data Server in Human Metabolome Technologies, Inc.

Contents
* Analysis Data
* Analysis Result

Storage Place for Samples

Deep Freezer in Human Metabolome Technologies, Inc. (below -80°C)

(Contact Information) Human Metabolome Technologies, Inc.
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Tel : +81-235-25-1447
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Appendix 1-1. Abbreviations in the Pathway Map (Sorted by Candidate Metabolites)

Candidates Pathway Label* Candidates Pathway Label*
2,3-Diphosphoglyceric acid Diphosphoglycerate GTP GTP
2-Hydroxyglutaric acid 2-Hydroxyglutaric acid Guanine Guanine
2-Oxoglutaric acid 2-0G Guanosine Guanosine
2-Oxoisovaleric acid 2-KIV His His
2-Phosphoglyceric acid 2-PG HMG CoA HMG-CoA
3-Phosphoglyceric acid 3-PG Homocysteine Homocysteine
6-Phosphogluconic acid 6-PG Homoserine Homoserine
Acetoacetyl CoA AAcCoA Hydroxyproline Hydroxyproline
Acetyl CoA AcCoA Hypoxanthine Hypoxanthine
Adenine Adenine lle lle
Adenosine Adenosine IMP IMP
Adenylosuccinic acid Succinyl AMP Inosine Inosine
ADP ADP Isocitric acid Isocitric acid
ADP-ribose ADP-Rib Lactic acid Lactic acid
Ala Ala Leu Leu
AVP AMP Lys Lys
Arg Arg Malic acid Malic acid
Argininosuccinic acid ArgSuccinate Malonyl CoA Malonyl-CoA
Asn Asn Met Met
Asp Asp Mevalonic acid Mevalonic acid
ATP ATP N,N-Dimethylglycine DMG
Betaine Betaine N-Acetylglutamic acid N-AcGlu
Betaine aldehyde BTL NAD* NAD+
cAMP cAMP NADH NADH
Carbamoylphosphate Carbamoyl-P NADP* NADP+
Carnitine Carnitine NADPH NADPH
Carnosine Carnosine N-Carbamoylaspartic acid Carbamoyl-Asp
cGMP cGMP Ornithine Ornithine
Choline Choline Phe Phe
cis -Aconitic acid cis-Aconitic acid Phosphocreatine Phosphocreatine
Citric acid Citric acid Phosphoenolpyruvic acid PEP
Citrulline Citrulline Pro Pro
CoA CoA PRPP PRPP
Creatine Creatine Putrescine Putrescine
Creatinine Creatinine Pyruvic acid Pyruvic acid
Cys Cys Ribose 1-phosphate R1P
Cystathionine Cystathionine Ribose 5-phosphate R5P
Dihydroxyacetone phosphate DHAP Ribulose 5-phosphate Ru5P
Erythrose 4-phosphate E4P S-Adenosylhomocysteine SAH
Folic acid Folic acid S-Adenosylmethionine SAM
Fructose 1,6-diphosphate F1,6P Sarcosine Sarcosine
Fructose 1-phosphate D-F1P Sedoheptulose 7-phosphate S7P
Fructose 6-phosphate F6P Ser Ser
Fumaric acid Fumaric acid Spermidine Spermidine
Galactose 1-phosphate Gal1P Spermine Spermine
GDP GDP Succinic acid Succinic acid
Gln Gln Thr Thr
Glu Glu Trp Trp
Glucose 1-phosphate G1P Tyr Tyr
Glucose 6-phosphate G6P UDP-glucose UDP-Glc
Glutathione (GSH) GSH Urea Urea
Glutathione (GSSG) GSSG Uric acid Uric acid
Gly Gly Val Val
Glyceraldehyde 3-phosphate Glyceraldehyde 3-phosphate Xanthine Xanthine
Glycerol 3-phosphate Glycerol 3-phosphate XMP XMP
Glycolic acid Glycolic acid Xylulose 5-phosphate X5P
Glyoxylic acid Glyoxylic acid B-Ala b-Ala
GMP GMP y-Aminobutyric acid g-Aminobutyric acid

1 Abbreviated names in Pathway Map.
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Appendix 1-2. Abbreviations in the Pathway Map (Sorted by Pathway Label Name)

Pathway Label* Candidates Pathway Label* Candidates
2-Hydroxyglutaric acid 2-Hydroxyglutaric acid GMP GMP
2-KIV 2-Oxoisovaleric acid GSH Glutathione (GSH)
2-0G 2-Oxoglutaric acid GSSG Glutathione (GSSG)
2-PG 2-Phosphoglyceric acid GTP GTP
3-PG 3-Phosphoglyceric acid Guanine Guanine
6-PG 6-Phosphogluconic acid Guanosine Guanosine
AAcCoA Acetoacetyl CoA His His
AcCoA Acetyl CoA HMG-CoA HMG CoA
Adenine Adenine Homocysteine Homocysteine
Adenosine Adenosine Homoserine Homoserine
ADP ADP Hydroxyproline Hydroxyproline
ADP-Rib ADP-ribose Hypoxanthine Hypoxanthine
Ala Ala lle lle
AMP AMP IMP IMP
Arg Arg Inosine Inosine
ArgSuccinate Argininosuccinic acid Isocitric acid Isocitric acid
Asn Asn Lactic acid Lactic acid
Asp Asp Leu Leu
ATP ATP Lys Lys
b-Ala B-Ala Malic acid Malic acid
Betaine Betaine Malonyl-CoA Malonyl CoA
BTL Betaine aldehyde Met Met
cAMP cAMP Mevalonic acid Mevalonic acid
Carbamoyl-Asp N-Carbamoylaspartic acid N-AcGlu N-Acetylglutamic acid
Carbamoyl-P Carbamoylphosphate NAD+ NAD*
Carnitine Carnitine NADH NADH
Carnosine Carnosine NADP+ NADP"*
cGMP cGMP NADPH NADPH
Choline Choline Ornithine Ornithine
cis-Aconitic acid cis-Aconitic acid PEP Phosphoenolpyruvic acid
Citric acid Citric acid Phe Phe
Citrulline Citrulline Phosphocreatine Phosphocreatine
CoA CoA Pro Pro
Creatine Creatine PRPP PRPP
Creatinine Creatinine Putrescine Putrescine
Cys Cys Pyruvic acid Pyruvic acid
Cystathionine Cystathionine R1P Ribose 1-phosphate
D-F1P Fructose 1-phosphate R5P Ribose 5-phosphate
DHAP Dihydroxyacetone phosphate Ru5P Ribulose 5-phosphate
Diphosphoglycerate 2,3-Diphosphoglyceric acid S7P Sedoheptulose 7-phosphate
DMG N,N-Dimethylglycine SAH S-Adenosylhomocysteine
E4P Erythrose 4-phosphate SAM S-Adenosylmethionine
F1,6P Fructose 1,6-diphosphate Sarcosine Sarcosine
F6P Fructose 6-phosphate Ser Ser
Folic acid Folic acid Spermidine Spermidine
Fumaric acid Fumaric acid Spermine Spermine
G1P Glucose 1-phosphate Succinic acid Succinic acid
G6P Glucose 6-phosphate Succinyl AMP Adenylosuccinic acid
Gal1P Galactose 1-phosphate Thr Thr
g-Aminobutyric acid y-Aminobutyric acid Trp Trp
GDP GDP Tyr Tyr
Gln Gln UDP-Glc UDP-glucose
Glu Glu Urea Urea
Gly Gly Uric acid Uric acid
Glyceraldehyde 3-phosphate Glyceraldehyde 3-phosphate Val Val
Glycerol 3-phosphate Glycerol 3-phosphate X5P Xylulose 5-phosphate
Glycolic acid Glycolic acid Xanthine Xanthine
Glyoxylic acid Glyoxylic acid XMP XMP
1 Abbreviated names in Pathway Map.
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