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Methods

V Atomic Force Microscopy (AFM)
(LN X V Fluorescence Microscopy

V Laser Scanning Confocal Microscopy
V Electrophysiology

V Radio Telemetry (EEG, EMG, EKG)

” i Adapted to hyperbaric chambers
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Development and testing of hyperbaric atomic force microscopy
(AFM) and fluorescence microscopy for biological applications
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CNS-OT Studies: Effect of High Pressure Oxygen
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.| Neuwrosclence 159 (2009) 1011-1022

=ACUTE HYPEROXIA INCREASES LIPID PEROXIDATION AND

INDUCES PLASMA MEMBRANE BLEBBING IN HUMAN U87
GLIOBLASTOMA CELLS

D. P. D'AGOSTING,” J. E. OLSON" AND J. B. DEAN™
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The Cori Cycle

) Cancer Metabolism & The Warburg Effe

Critical to neoplastic phenotype
Drives anabolic processes
Acidifies microenvironment

To To Io Do

Most consistent cancer phenotype,
present in most, if not all, cancers

Glucose

e
-
—_—
-
0
-
=)
—
A
w
--
w

Pyruvate

@ncer Cell

ATP

Mitochondrion
OXPHOS
/ Qormal Cell

( Ghiose +ON

Pyruvatc mussmp Acetyl CoA

(Y

Mitochondrion

Lactate

ATP

7

Elevated rates of glycolysis and fermentation, excessive lgatatkiction

¢ up to 200 Xate of normal cells



@ Hyperglycemia and Tumor Hypoxia
Drive the Warburg Effect

i

e HYypErglycemia = poor prognosis

IGF-1 and inflammation

150 =
rZ =0.539

100 — o °

Tumour dry weight (mg)

Blood glucose correlated to tumor growth
Ketogenic diet lowers glucose, insulin,

Ketones directly inhibit tumor growth
(Poff et.al. IntJ Cancer. 2014 Oct 1;135(7):1711-20)

High glycemic diets increase cancer risk

Gnagnarella, et al; 2008
The American Journal of
CLINICAL NUTRITION

Glycemic index, glycemic load, and cancer
risk: a meta-analysis
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Seyiried et al. British Journal of
Cancer (2003) 89, 1375171 1382
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to create a physiological environment
that stresses cancer cells?

Can we use HBOT and Nutritional Keto
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Tumors exhibit both chronic and
acute hypoxia

A Chronic hypoxia in tumors is caused by inadequate
vasculature and limited diffusion distance of oxygen
through the tumor tissue

I Activation of HIFL, damaged mitochondrial respiration
triggers a metabolishift toward glycolysis

A Acute hypoxia in tumors is caused by temporary closing
and opening of a tumor blood vessel owing to the
malformed vasculature of the tumor

I IschemiaReperfusiomd ROSA nuclear mutations
stimulation of growth factor signalingncogenes, etc



@ Tumor response to hypoxia:

1. Activation of angiogenesis | : d Metastasi
2. Evasion ofpoptosis ‘ nvasion ana Metastaslis

3. Tumor suppressor deregulation
4. Induction of glycolytic shift

~ | ADAPTATIONS OF HYPOXIC TUMORS
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TTUMOR PROGRESSION

Tumor hypoxia is correlated to poor clinical prognosis.
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THMFE

HRE

Active Complex

HIF-1-mediated transcription

e

\ Survival/Proliferation

Angiogenesis

VEGF
Endoglin
Leptin
TGF-3
PDGF-8
NOS

EPO
IGF2
TGF-a
Cyclin G2

Metabolic Adaptation

Enolase
Hexokinase 1,2
GLUT-1

GADPH

Invasion

MET
MMP-2
AMF
UPAR
Cathepsin

Protein products of HIF -1 target genes collectively allow tumor
cells to survive hypoxia



=" Hypoxia and Cancer Metabolism
HIF1 enhances the Warburg Effect
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Hyperbaric

Oxygen Therap

A Delivery of 100% Cat
elevated pressure

A Oxygen dissolves in the
blood, diffuses further

Into the tissues

Can use HBOT to
saturate tumors with
oxygen

A Inhibit HIF1?
A IncreaseROS

A Gene expression

UHMS Approved Indications for HBOT

1

Air or Gas Embolism

Carbon Monoxide Poisoning

Clostridial Myositis and Myonecrosis (Gas Gangrene)

Crush Injury, Compartment Syndrome, and Other Acute Traumatic Ischemias

Decompression Sickness

Arterial Insufficiencies

Severe Anemia

Intracranial Abscess

W N[k~ WN

Necrotizing Soft Tissue Infections

=
o

Osteomyelitis (Refractory)

=
=

Delayed Radiation Injury (Soft Tissue and Bony Necrosis)

=
N

Compromised Grafts and Flaps

=
w

Acute Thermal Burn Injury

=
B

Idiopathic Sudden Sensioneural Hearing Loss
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Hyperbaric Oxygen Therapy for Malignancy:

A Review
Jurstine Daruwalla, B.Sc, Chris Christophi, MD

Targ Oncol
DOL 10.1007/511523-012-0233-x

REVIEW

Hyperbaric oxygen therapy and cancer—a review
Ingrid Moen - Linda E. B. Stuhr

ComprehensivBhysiol2016 Dec 6;7(1313-234 T searss

Hyperbaric Environment: Oxygen and Cellular
Damage versus Protection

Angela M. Poff,” Dawn Kernagis,? and Dominic P. D’Agostino” -2

A Early studies investigated HBOT as a radiosensitizer, but investigators were concerned it ma
actually promote tumor progression

A 3 meta-analyses of the data of the last 60 years support that HBOT does not promote tumor
growth or recurrence but may have growthhibitory effects on certain tumor subtypes

A Clear differential effects of HBO on cancer compared to healthy tissue, but mechanisms poo
understood.
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Potential Mechanisms

A Inhibition of HIFL signaling

I Observed, also paradoxical activation of-HIF

A Inhibition of angiogenesis

I Downstream of inhibition of Hi

A Inhibition of oncogene signa

E?
INg

I Downstream of inhibition of Hi

A Induced oxidative stress

[E?



HBOT modestly effective as a monotherapy

Author | YEAR Details of Report
M{c}Cred:e. et [ 1966 | C3HBA mouse mammary tumor; no effect on primary or metastasis.
al” &
- - Suit, et al™ 1966 | Strong A and BDF mouse mammary tumor; no effect on primary or metastasis.
A Animal studies 2
DeCosse, et 1966 | For mouse melanoma decrease in pulmonary metastases; no change in primary
A Mostl iti -
OS y pOSI Ive Or Johnson, et 1967 | Mouse melanoma and leukemia. For melanoma no icrease in primary or size or
a? o number gf metastases For legkemia no decrease in survival.
neutral responses gfmnfet 1968 | Rat carcinosarcoma: both primary and metastases decreased m HBO, atm.
Evans, etal” | 1968 | Mouse skin cancer; same incidence of lung metastases.
A S m al I n u m b e r Of ;:der etal® 1968 | Implanted thabdomyosarcoma in mice; metastases identical n HBO, group.
A g
- Johnson. et 1971 | Transplanted lymphoblastic leukemia: no difference in survival, primary tumor
negative responses |+ ot e
Shewell et 1980 | Two separate studies: Both transplanted and spontaneous murine mammary fumors;

A Appearstumor-type “tes e, "Rty

Marx et al™ 1988 | DMBA induced SCCA in hamsters; delayed growth in HBO, Group

dependent :

Fndetal” 1989 | No increase in growth of transplanted tumor or metastases in transplanted sarcoma
PE and melanoma in murine model

'I' n e e d m O re d ata & :lljih%ﬂjn et | 1989 | DMBA induced tumors in hamsters; larger but fewer tumors m HBO, vs air .

Mestrovic, et | 1990 | Suppression of metastatic tumors i lung after IV mjection of anaplastic tumor; no

clinical studies ~liy e e Tl

Headley. et 1991 | Human SCCA xenografts in nmude mice; no difference in growth
a* o
Sklizovic, et 1993 | Human xenotransplants of SCCA in mice; HBO, group received 21 treatments; No
a’ o difference mn tumor weight, volume or histology compared to control
Lyden. et al® | 1997 | MCG 101 Sarcoma transplanted in mice; HBO, exposed to 2.8 ATA for 9 days;
— compared to control in HBO, group accummlation of cells in S-phase but no change
i tumor growth
Ta!k_igudn et 2001 | In sarcomas transplanted into mice growth slightly inhibited by exposure to HBO,
al™ 4

T indicates increased growth: | indicates decreased growth; <> indicates no effect on growth If 2 symbols are
given, the effect 1s mixed.




VM-M3 Mouse Model of Metastatic Cancer

Tumor Growth

Survival Curve
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HBOLt slows tumor growth and increases
chemotherapy efficacy in rat mammary tumors:

Tumor growth (% of initial volume)

1 |—e— Series 1 (control)

—o— Series 2 (5-FU)
—»— Series 3 (HBO)

1 | = Series 4 (5-FU+HBO)

T —

Stuhr, L., et. ACancer Letter2004



British Joumal of Cancer (1999) 80(1/2), 236-241
© 1999 Cancer Research Campaign
Article no. bjoc.1998.0345

Effects of radiotherapy after hyperbaric oxygenation on

malignant gliomas
K Kohshi'4, Y Kinoshita', H Imada?, N Kunugita?, H Abe?, H Terashima?, N Tokui®* and S Uemura®

A T hmedian survivals in
patients with and without

100 I—‘—I HBO were 24 and 12
% L ——— with HBO ( n =15) months, respectively
e r== - without HBO ( n=14) (P < 0.05). No serious
24 months P< 005 side-effects were

observed in the HBO

50 - " _ N
. Ll patientso.
12 months ' .

Survival rate

(Years)

Figure 1 Kaplan—Meier survival curve according to different schedules of
treatment: with or without HBO (hyperbaric oxygenation). The curves are
significantly different at P < 0.05
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HBOt may be synergistic with Standard of Care

i —

| E—

—

C——— AUTHOR YEAR Details of Report

—

| Johnson. et al' 1966 25 patients HBO, radiosensitized for cervical cancer showed unusual

 — T frequency and pattern of metastases: 30 exposures at 3.0 ATA

= Van DenBrenk. et al’ 1967 85 head and neck patients with historic controls; had statistically

—— l significant decrease in metastases in HBO; Group: 2-6 exposures at

e J0AlA

| — Cade, et al*® 1967 Controlled trial of 49 patients with lung CA and 40 patients with

1 A I . I I ladder CA: Metastases the same in HBO and control for lung but

[EE———— C Inica y o T increased in bladder HBO; group: not well matched for tumor grade:

1 . . exposures at 3.0 ATA

= inve Stl g ated as Johnson, et al*® 1974 |Controlled trial of 64 cervical cancer patients; metastases identical in
H HBO, and control groups: 5 yr survival 44% HBO; vs 16% control:

e - S B0 ATA :

= - adJ Uvant 25-30 exposures at 3.0 ATA

| th era Henk. et al™ 1977 Controlled trial of 276 head and neck cancers; rates of metastasis

| py T identical for HBO, and air groups: recurrence-free survival better in

Eeee—1 HBO group: 10 exposures at 3.0 ATA

 ——— Henk, et al™ 1977 Controlled trial of 104 head and neck cancers; disease-free survival

= A P I‘I m arl |y a l lstatisticall_v improved in HBO, patients; 10 exposures at 3.0 ATA

———— . . Bennett, et al™ 1977 Controlled trial of 213 cervical cancers; no increased metastases in

s radiosensitizer o HBO, group: 10 exposures at 3.0 ATA

Perrins. et al™ 1978 Controlled trial of 236 bladder cancers; no difference in survival at 4

= .. yrs and no difference in metastases; 6-40 exposures at 3.0 ATA

= Watson, et al™ 1978 Controlled trial of 320 cervical cancers; metastases identical in HBO,

| — . and control groups: 6-27 exposures at 3.0 ATA

| —— Dische et al© 1978 Controlled trial of 1500 patients with head and neck, bladder. bronchus

PN or cervical cancer; No difference in metastases from HBO; to control;

| 6-12 exposures at 3.0 ATA

[ Frad_v. etal’ 1981 Controlled trial of 65 cervical cancers; distant fatlure higher in control

| E— ! (34%) vs HBO, group (16%); 10 exposures at 3.0 ATA

e Elforai. et al® 1087 3 anecdotal cases of urothelial cancer patients in patients with chronic

———i T spinal cord injury whose cancer progressed rapidly after HBO,; 10-20

| gporures 0 ATA

| — Denham, et al” 1987 201 patients irradiated for head and neck cancer with hyperbaric radio-

| d sensitization; tumor control and survival better than historic controls

| —— [Bradfield. etal™ 1996 The authors present 4 cases of head and neck cancer which rapidly

T rogressed after HBO, exposure; all were advanced: 2 had prior

= ecurrences; 1 had radiation interrupted for 6 wks because of

| Beumona

| —— Marx™! 1999 The author presents 405 patients with head and neck cancer: 245

[ ¢ received HBO, for 30 to 40 treatments; 19.6% recurrence in HBO,

e ——— | group vs 28% recurrence in non-HBO, group

—

S

|

Feldmeier et al, 200



HBOT can be help manage
symptoms of cancer treatment

A HBOT approved Tx for radionecrosis

A HBOT reduced pain, edema, and erythema following

radiation and breastonserving surgeriarl et al, Int J
Radiat Oncol Biol Phys 2001)

CLINICAL INVESTIGATION Breast

HYPERBARIC OXYGEN THERAPY FOR LATE SEQUELAE IN WOMEN
RECEIVING RADIATION AFTER BREAST-CONSERVING SURGERY

Urrich M. Care. M.D_* Joun J. FeLomeier, D.O_" Gerp Scamitt, M.D_* anD
K. AxEL Harvann, M.D *

*Department of Radiation Oncology, University Duesseldorf, Duesseldorf, Germany; "Department of Radiation Oncology,
Medical College of Ohio, Toledo, OH




21 days post inoculation

Synergy betweeNutritional Ketosiand HBOT?

Tumor Growth
Bioluminescence
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Implementation
of Nutritional Ketosis
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Strategies for Inducing Nutritional Ketosis

1

Ketogenic Diet
(variants)

Ketone Supplementation

Classic Ketogenic (4:1) Medium Chain Triglyceride
3%

. Fat
|

Protein

Carbohydrates

Modified Atkins Low-Glycemic Index

n

® Support SupplementdMCTs, {Carnitine, Exogenous Ketones
. AlphaLipoic Acid, Potassium Citrate, DHA, Many products available and in
l Phosphatidylcholine, Phosphatidylserine, development

:Lysme Leucine, Taurine




3 Commercially Availabl®ols for
Assessing Nutritional Ketosis

Urine Breath Blood Future Devices
Acetoacetate Acetone (BHB) Continuous BHB/AcAc
(AcAc) (e.g.Dexcom)

Precision
a

Vet e e Mg s

[8)

KETONIX.

(8]

KETONTX.

ke




Practical Application for Patients

Metabolic Management of Disease

Plasma [Glucose] (mM)

Keto-Adaptation

T

Diet
Initiation

+
Exogenous

Ketones

sl
Metabolic Zone

/l =L} [Glucose]
30 —O— [Ketones]

minutes

- 5

0.0

30 60 90

Jl

Time (min.)

Modified from: Nutrition and Metabolism (Lond). 2010 Apr 22;7:33.

Carcinogenesis. 2014, Mar;35(3):515-27

120

Plasma [Ketones] (mM)

GaSilo2fA

Low
Glucose  High
(3.8 mM) Ketones
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Metabolic-Based Drugs

Dichloroacetate (DCA) Metformin

APyruvate Mimetic AlInhibits gluconeogenesis
AActivation of PDH Complex AReduces inflammation
ATreatment for Lactic AcidosisAReduces systemic estroge
AAdjuvant to Chemotherapy AActivated AMP Kinase

DCA Pyruvate NH  NH

Cl O H3C\NJ\NJ\NH
| H 2

O O

CH,

Cl

O O

Ward NP, Poff AM, Koutnik AP, D'Agostino DP. Complex | inhibition augments dichloroacetate
cytotoxicity through enhancing oxidative stress in-WN glioblastoma cell$2LoS One&017 Jun
23;12(6):e0180061. doi:10.1371/journal.pone.0180061. eCollection 2017. PubMed PMID:
28644886.
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Supplementation

Mental Health
Gut Microbiome

Multifaceted Approach

Seyfried TN, Yu G, Maroon JC, D'Agostind’t#3pulse: a novel therapeutic strategy for
the metabolic management of canclutr Metab(Lond). 2017 Feb 23;14:19.

“Press” “Pulse”

Hyperbaric

Nutritional
Oxygen

Ketosis

Metabolic-Based

Nutritional Drugs

Immune
Therapies
Intermittent
Fasting
Supportive Health Cytotoxic |
Exercise chemotherapies

Radiation



§
Ongoing and Future Directior

A Methods to optimize and sustain nutritional ketosis
A Optimize HBOT protocols for cancer types
A Evaluate in other cancer models (breast, pancreatic)

A Metabolic drugs (DCA, metformin, glycolytic inhibitors)
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A Initiate Cancer Prevention studies

A Human Clinical Trials

Questions?
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