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Therapeutic Destructive
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Photobiomodulation

“Use of non-ionizing source of photonic
energy that generates non-thermal,

therapeutic effects.”

Inhibit — processes Promote — positive processes

% Pain, Inflammation, aberrant immune ® Wound healing, Tissue regeneration,
immune system




Oral (Tooth Extraction Socket) Wound Healing

Clinical study recruiting 30 patients undergoing multiple extractions. Circa 1999

Study Follow up

Recall Protocol
Extraction (Wound)
+/-
| | Laser Irradiation
' ‘ 4 Wounds Biopsies

—
_| Immediately after irradiation

—{ EDEIS

Study Follow up

Same Patient (their own control) healing design critical!!!




Laser wounds have increased TGF-[31 Expression

Control Wound Laser Wound 2

Immunostaining TGF-1

*

Histological Score

Control Laser

Immediately Post-wounding

Arany PR et al Wound Rep and Regen 2007,15,866




Clinical observation

Low power laser treatment was noted to improve oral wound healing.
An concomitant increase in TGF-[3 was noted.
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Low power laser induces ROS
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Low power lasers can induce specific ROS namely Superoxide,
Hydrogen peroxide and Hydroxyl radical (not Nitric oxide)
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CM-H,DCFDA for Hydrogen Peroxide (MvLu1l cells)
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Amplex UltraRed for Hydrogen Peroxide
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Laser+NAC

10% FBS

Deuterium 10% FBS

n=3 p<0.05

Gain of Function:
Deuterium — results in increased ROS generation




Amplex UltraRed for Hydrogen Peroxide

FBS

Chlexed FBS

Control Laser 3J/cm2

Loss of Function:
Chelex 100 Resin* — adsorbs metal ions and decreases ROS generation

* Styrene-divinylbenzene copolyer with iminodiacetic groups




Proxylfluorescamine for Hydroxyl radical

n=3, p<0.05

Greiss Assay for Nitric Oxide
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Conclusions

Low power lasers can induce specific reactive oxygen
species namely Superoxide, Hydrogen peroxide and
Hydroxyl radical

ROS species Baseline Laser (3J/cm?)
Hydroxyl (OH") 3.2+1nM 41.3+5nM
Superoxide (O’) 960.4 + 62 nM 1266.1 + 163 nM

Hydrogen Peroxide (H,0,) 4531.4+478nM  57060.8 + 1858 nM




Assess ability of LPL generated ROS

to activate biological molecules
(Latent TGF-B1)

mm) ROS =)




Free Cysteines (Thiols) Screen

Gel Imaging Identification

Gel Electrophoresis

SH Detection Coomassie Immunoblot

IAEDANS
Assay

Coomassie Mass Spectroscopy

(HPLC-MS-MS)




LPL exposes free cysteines in serum complexes,
TGF-3 is one among them

Control Laser
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Activation of Latent TGF-[31

Physico-chemical Modes Biologically Active

e Heat
e Extreme pH
¢ Proteases

e Radiation
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Generation of a ROS insensitive LTGF-1
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Laser mediates TGF-3 activation via ROS

12hrs 24hrs 15min

| Laser \l/
SFM

Lyse &IB

Percent Activated by ROS
Normalized to Heat Activation
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Jobling MF et a/ Rad Res 2008, 166, 839

Wild Type ROS insensitive Mutant Peroxide
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LPL activates Latent TGF-[31

PHOTOTHERAPY
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LPL activated TGF-[31 is biologically potent

MvLul (p3TP luc) Reporter Assay
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Conclusions

Low power lasers generate ROS that can, in
turn, activate Latent TGF-[31 via a redox

sensitive methionine.
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Applications: LPL activated TGF-31?

ROLE OF TRANSFORMING GROWTH
FACTOR B IN HUMAN DISEASE

Gerarp C. Broeg, M.D., Pu.D.,
WiLuiam P. ScHiemann, PH.D.,

AND Harvey F. LooisH, PH.D.
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Directing Differentiation

Domino model

A

Initial state Induced state Final state

Switchboard model

1L/1./1 | N\
. 171 D |\'/
@

Initial state Induced state Final state

~
WYsSs § INSTITUTE )
= Arany PR & Mooney DJ Oral Dis 2010,17(3):241-51



Applications: LPL activated TGF-31?
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TGF-31 has a key role in

Sloan AJ and Smith AJ Arch Oral Bio 1999, 44, 149
D'Souza, RN et al Eur J Oral Sci 1998, 106, 1, 185




Three specific experiments

Strol
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1. Loss of Stemness "

2. Dentin Matrix %
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3. Mineralization @

Strategy to Dentin Differentiation




Laser: TGF-B1 directs dentin differentiation of hDSCs
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Experimental Strategy
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Generating a morphogen niche......

TGF-B1 [ng/ml]

Time (days)
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LPL:TGF-1 validation

Study Design
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LPL induces Dentin in vivo

Enamel

: Cement
% *  (Strontium particles)

12 weeks Post-Op




LPL induces Dentin in vivo

Control

12 weeks Post-Op
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Experimental Strategy
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Genetic Engineering Strategy

DNA the molecule of life |

S T '“""d"‘a‘q"M
Trillions of cells o PO
Q}Eﬁ} . ‘,,» - -
Each cell: e .
.~ chromosomes
* 46 human

chromosomes

* 2 meters of
DNA

* 3 billion DNA
subunits (the
bases:A, T, C, G)

* Approximately
30,000 genes
code for proteins
that perform most 3 4
life functions protein . /

nationalgeographic.com

Every tissue is defined by a genetic profile
Muscle =» Muscle Specific Actin
Melanocyte = Melanin
Enamel =>» Amelogenin
Dentin =» Dentin Siaolophosphoprotein

http://www.cashou.com/portfolio/human_body/




Genetic Engineering Strategy

Odontoblasts &
Dental Stem Cells
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Type |l receptors:
* ACTRII
* ACTRIIB

* ALK4

Type | receptors:

* ALK7 Activin Aor

Y, activin B \QED/

TGF-[3 Signaling

cryptic

CRIPTO or

NODAL. GDF1 and GDF3
BMPs and -

Type | receptors:
* ALK1 = ALK3
* ALK2 = ALK6

Type |l receptors:
« ACTRII = BMPR2
* ACTRIIB

@ sMAD4
SMAD?2 or
SMAD3

> SMAD1, SMADS
or SMADS

Nucleus

Cofactors

N

Cofactors

OO0000

Gene
regulation

NODAL

Activin A and B

BMPs or GDFs

BMP or GDFs

e LEFTY 1or LEFTY 2

®* Cerberus 1

* COCO (also known
as DANDS and

cerberus 2)

* Follistatin
* Follistatin-like 3
® Inhibin

* Sclerostin

» USAG1

¢ Chordin

* Noggin

* Twisted
gastrulation

* Cerberus 1

« COCO

* DAN (also known
as NBL1)

* Gremlin 1

* PRDC

« BMP3

* CRIPTO BAMBI

* B-glycan
* BAMBI

[] Soluble antagonists

Bl Membrane-bound antagonists




CoKo mice: All dentin producing cells are TGF-3 insensitive

DSPPpCre

X

coKO
DSPPC’eTGF-,BRIIf’/f’

TGF-fRIV/A

TGF-BRII Lox




Laser induces Dentin repair via TGF-

n=4/3, ns
8 weeks Post-Op

Control Laser




Conclusions....

1. Low power lasers generate Reactive Oxygen Species
2. LPL activates endogenous latent TGF-31 (A mechanism)

3. LPL directs resident dental stem cell differentiation (1Gr-p1)

Therapeutic
aB i

| Ultraviolet PHOTOTHERAPY
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