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I. Introduction
STATEMENT OF THE PROBLEM

Wound healing is a complex process initiated the moment that a wound is created. For
some individuals, especially health-compromised patients such as diabetics, healing can
be delayed, altered or impossible to achieve. The functions of cells and cytokines
involved in wound healing have been studied extensively. However, little research has
examined the up-regulation of patients' growth factors at the injury site.
Wounq healing is particularly important in the specialty of periodontics. The
Armitage's cl~sification for periodontal disease and conditions, under the diagnosis of
non- plaque- induced gingival diseases contains several periodontal diseases that result in
gingival lesions. These lesions may be of specific bacterial origin, of viral origin or
gingival manifestations of systemic conditions and traumatic lesions (factitious,
iatrogenic, and' accidental). These lesions frequently desquamate and can make the
patient uncomfortable and prone to infections. Ulcers, a type of wound, associated with
0

autoimmune disorders are frequently first found in the oral cavity. Some wounds such as
surgical incisions are intentional. For example, when preparing a recipient site for a free
gingival graft, the epithelium is intentionally removed so that the connective tissue
portions of the graft and recipient site are in intimate contact. Any disturbance in the
intimate contact of the surgical site can result in hematoma formation, failure and
prolonged disc?mfort to the patient. Therefore, it is crucial that periodontists know about
the mechanism of wound healing as well as disorders that can delay wound healing.
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Multipie therapies are available for the treatment of wounds. In the past, red light
lasers used in s)lfgery have been shown to successfully accelerate healing. It is believed
that the heat g~nerated by the red light laser is responsible for enhanced angiogenesis and
I

increased cell chemotaxis to the wound. Filtered blue quartz tungsten halogen (QTH)
generated light! may stimulate cells to go through the various phases of the cell cycle

' increase transcription and translation of growth factors.
more rapidly and

Significance'
i

Acceleration ofthe wound healing process, through the use of visible light, could
have a great clinical impact. Treatment could be used after the occurrence of an injury,
where rapid re~epithelialization is required for comfort. Patients with painful, recurrent
apthous ulcers,' or persistent ulcers on mucosa or attached gingiva, may benefit from a
process that will stimulate healing. Acceleration of fibroblast growth by QTH-generated
'

light would have several important uses in periodontal therapy. Blue light could be used
after the harve~t of grafts, to accelerate healing at the donor site, or to encourage
'

integration oft~e graft with the treatment site. After flap surgery, blue light could be
applied to accelerate flap stabilization and encourage appropriate reconstruction of
I

'

acceptable periodontal architecture.
'
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REVIEW OF THE LITERATURE

Overview of Wound Healing
A wound represents an anatomic or functional disruption in the continuity of the
tissues that is accompanied by cellular damage and death (1). Tissue injury can be
traumatic or pathological. Types of wound healing can be categorized into three different
categories. These include primary, secondary, and tertiary wound healing (1 ). Primary
wound healing results when minimal tissue loss has occurred and the wound edges are
approximated with sutures. This is an ideal situation because minimal granulation tissue
intervenes in thy tissue flaps and the result is usually scarless. Secondary wound healing
results when the soft tissue flaps are separated by intervening granulation tissue. This
type of healing can be intentional, as a part of a surgical procedure, or a consequence of
tissue destruction, and almost always leaves a scar behind (1 ). In healing by tertiary
intention, the wound is temporarily left open, usually because of contamination (1 ).
Immediately following the introduction of a wound into the oral cavity, such as
with periodontal surgery, a clot is formed. Clot formation is the initiating event of healing
I

in the surgical site. The clot serves as a reservoir of growth factors and cytokines. Within
minutes after the wound occurs, cellular and molecular events begin to occur in an
attempt to repair the injury.
The wound healing process has three continuous phases: the inflanunatory phase,
the proliferative phase, and the maturation phase (2). In the initial inflanunatory phase,
tissue injury and blood vessels disruption leads to the activation of the Hageman factor
(XII), initiation of the clotting cascade, and platelet aggregation (1 ). Platelets are the first

cells to arrive at :the site, and they secrete multiple chemokines, to include epidermal
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growth factor (EGF), fibronectin, fibrinogen, histamine, platelet derived growth factor
(PDGF), serotonin, and von Willebrand factor (2). As the clot stabilizes, neutrophils enter
the site. Their functions include debris phagocytosis, complement for cell lysis and
destruction via oxidative burst mechanisms (I, 2). The ability of neutrophils to kill
bacteria is dependent upon adequate oxygen supply, to generate intracellular oxygen
radicals (I). Neutrophils also release cytokines to activate adjacent fibroblasts and
keratinocytes (3). In addition to its reservoir function, the clot serves as a matrix for
migration of monocytes and fibroblasts. Macrophages enter the site and continue the
phagocytosis of bacteria, dead neutrophils and cellular debris. Unlike neutrophils,
macrophages have a very long life span. These cells are extremely important in wound
healing because they release an abundance of biologically active substances, such as
chemotactic agents and growth factors for fibroblasts and endothelial cells. Another
important cell in the inflammatory phase is the lymphocyte. These cells appear at the
injury site after 6 to 7 days. They play an indirect role in wound healing because they
secrete lymphokines, such as migration inhibitor factors, interleukin-2, and macrophage
activation factor (I).
At the beginning of the proliferative phase, more fibroblasts and endothelial cells
invade the clot. Granulation tissue forms during this phase which usually occurs 3 to 4
days after wounding. The end result of this phase is primarily anabolic and includes the
processes of epithelialization, angiogenesis, granulation tissue formation and collagen
deposition (2). Fibroblasts play a critical role because they produce collagen, elastin,
fibronectin, glycosaminoglycans (GAGs), and proteases such as collagenases, which play
a major role in d,ebridement and remodeling (1 ). Migration of the endothelial cells results
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in the beginning of angiogenesis. Angiogenesis is stimulated by tumor necrosis factor
alpha (lNF-u) and the low oxygen tension within the wound. Blood sources, derived
from gingival counective tissue, bone marrow and periodontal ligaments, help deliver
I

nutrients to granulation tissue (4). Although the phases of wound healing are described
separately, the process is a continuum with one phase overlapping the next (Figure 1).
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Figure I. Time line of the three phases ofwound healing, All three
phases overlap each other. Figure is adopted from Clark (2).
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All epithelial cells have the propensity to cover a free surface. To cover the
denuded area, the cells must either grow or move over the wound (5). Both of these
processes are stimulated by wounding, but cell migration is responsible for initial wound
closure (5). During there-epithelialization, there is secretion ofEGF, keratinocyte growth
factor (KGF), and transforming growth factor alpha (TGF-11). Normally, epithelium is
attached to the basal lamina. However, at a wound site, the apical-basal polarity of the
basal cell layer is lost and pseudopodia from the cells are seen extending into the wound.
This phenotypic change permits locomotion in the cells. Keratinocytes have receptors
called integrins:that adhere to the laminin in the basal lamina (3). For migration of the
keratinocytes to occur, a change in their integrin receptors must occur, so that they can
adhere to the provisional matrix and debris in the wound (3). Migrating cells come from
the periphery of the wound margin in sheets or clusters. Under microscope observation,
these cells appeared to be actively motile while the cells behind them are passively
dragged. This model of epithelial sheet migration is known as the slide model (5). Once a
single layer of epithelial cells is formed, additional layers develop by mitotic division. A
few of the keratinocytes begin to proliferate one or two days after migration.
Transforming growth factor beta (TGF-P) helps with the migration of the cells but it is a
potent inhibitor ,of keratinocyte proliferation.
In the maturation stage of wound healing, fibroblasts down-regulate the integrin
receptors for collagen-rich matrix and upregulate the integrins responsible for provisional
matrix adhesion. Under the influence ofTGF-Pl, fibroblasts help replace this provisional
matrix with new collagen-rich matrix (3). Fibroblasts are metabolically active and depend
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on the adequacy oflocal oxygen supply. The maximum rate of production of collagen
synthesis by fibroblasts is at 3 to 4 weeks. The tensile strength of the wound is
approximately 10% at 2 weeks and 25% at 3 to 4 weeks (1). Finally, the wound
undergoes contraction and scar formation. In early stages of scar formation, collagen
production exceeds collagen breakdown, leading to a temporarily hypertrophic scar. As
I

the healing process continues, the overlying epithelium thickens and matures, collagenase
production increases, and collagen breakdown may exceed collagen formation, causing
the scar to regress to a thin, dense white tissue (1).

·In Vitro Wohnd Model
Periodontal wound healing of the soft tissue is a complex process which has been
studied using the model developed by Lackler et al., 2000. This model was a linear
incision made with a rubber policeman in a petri dish. This in vitro model demonstrates
that the characteristics of wound healing are dependent on many factors including cell
type, disruption (wounding) of the cell layer and serum concentration. In addition,
Laclder' s model demonstrates the proliferation and migration are important to
periodontal wound healing and may reflect cell-specific differences between gingival and
periodontal ligament fibroblasts. At the clinical level, gingival fibroblast exclusion
techniques are used to allow periodontal ligament (PDL) repopulation (6). Proliferation
is an integral part of the repopulation process between 12-24 hours after wounding for
both fibroblast and keratinocytes (6). Most of the proliferative activity that occurred
following wounding was found within the ten cell layers adjacent to the wound margin
(6). However, at, two days post-wounding, the gingival fibroblasts demonstrated a large
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number of cells dividing well beyond the margins (6). Lackler theorized that this increase
in proliferating' cell number is a function unique to gingival fibroblasts (6).

Growth Factor Peptides
'

Growth factor pepetides are signaling, soluble proteins produced by a cell. The
term 'cytokines' refers to a broad category of molecules including: interleukins,
interferons, gro~ factors, colony stimulating factors, chemokines and intercrines (7).
These chemical signals serve many overlapping functions which include: communication,
proliferation, development, differentiation, homeostasis, regeneration, repair, and
inflammation. After wounding, some of these proteins orchestrate wound healing by
inducing DNA synthesis and cell division. The ability of cells to respond to a specific
growth factor at low concentrations is dependent on the cells' high affinity receptors for
the factor (8). Studies have isolated the functions of individual growth factor peptides by
using knockout mice and by application of these proteins in unresolving ulcers.

Platelet Derive~ Growth Factor (PDGF)
One cytokine important for wound healing is platelet- derived growth factor
(PDGF). PDGF was one of the first growth factors shown to act on mesenchymal cells
and was originally isolated from the granules of platelets, PDGF also is produced by
monocytes, endothelial cells and smooth muscle cells. There are various isoforms of
PDGF. Available isoforms include PDGF-A, PDGF-8, PDGF-C and PDGF-D. Shortly
after an injury, large amounts ofPDGF can be found in fluid from a wound (9). In the
periodontium, PDGF is chemotactic for PDL cells and stimulates production of collagen
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and extracellular matrix from the PDL fibroblasts. In vitro, PDGF induces the
proliferation ofPDL cells (7). Delayed appearance and reduced concentrations ofPDGF
have been shown to increase healing time of dermal ulcers (9). Cytokines have had
limited use in clinical settings. However, a commercial PDGF product has been proven to
be effective in randomized, double-blind studies, to reduce healing time and improve
incidence of complete wound healing in stage III and IV ulcers (2).

Epidermal Growth Factor (EGF)
The epidermal growth factor (EGF) family of mitogens is comprised of several
members, including EGF, transforming growth factor-a (TGF-a), heparin-binding EGF
(HB EGF), epiregulins, and neuregulins (9). EGF functions in the proliferation of
keratinocytes and has a positive effect in the wound healing process. EGF, TGF-a, and
HB EGF exert their function by binding to the EGF receptor. Grafts and wound fluid of
burn patients have been shown to contain significant levels ofEGF, 1NF-a, and
epidermal growth factor receptor (EGFR) during the early healing stage (9). The role of
EGF in saliva is not as well understood as in the skin. Studies have shown that salivary
EGF is reduced in patients with diabetes (10) and this may contribute to their slower

.
healing after oral surgical manipulation. In animal studies, application of recombinant
EGF on oral ulcers promoted synthesis of rabbit gingival keratinocytes in a dose
dependent manner (10).
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Fibroblast Growth Factor (FGF)
Fibroblast growth factor (FGF) is a cytokine that is released by macrophages,
mast cells, T-lymphocytes, and endothelial cells. The FGF family is made up of22
isoforms, which include acidic (a-FGF or FGF-1) and basic forms (b-FGF or FGF-2).
These growth factors produce their effects through binding of transmembrane protein
tyrosine kinases, FGF receptors 1-4 (9). FGFs are chemotactic and mitogenic for
fibroblasts and keratinocytes, and they stimulate angiogenesis (2).
'

Immunohistochemistry has revealed that b-FGF exists not only in the gingival lamina
propria, but also is stored in intracellular spaces of gingival epithelial cells (7).
Numerous in vivo effects ofFGFs suggest that they play a large role in wound healing.
FGF is a potent stimulator of periodontal ligament cell migration and mitogenesis.
Accelerating gr;mulation tissue formation and its replacement by connective tissue is a
function ofb-FGF. In rabbit wound healing models, topical application ofb-FGF has
been effective in promoting healing in refractory oral mucosal lesions (1 0). Sponges
infiltrated with polyclonal antibodies, raised against human FGF-2 and placed into rat
ulcers, resulted in reduction of cellularity and vascularization compared to controls. This
finding support~ the pro-healing function ascribed to this growth factor (9).
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Insulin-Like Growth Factor (IGF)
I

Insulin-like growth factors I and II (IGF) were isolated initially as serum factors
with insulin-like activities that could not be inhibited by anti-insulin antibodies (7). IGFs
exert their effect by binding to a type I-IGF receptor, a tyrosine kinase that resembles the
insulin receptor. IGF-I is produced by many cell types including chondroblasts,
fibroblasts, and osteoblasts. IGF-I stimulates bone formation by inducing cellular
proliferation, differentiation, and type 1 collagen biosynthesis (7). Although both

I
isoforms are important, IGF-I appears to be dominant and vital in wound healing. In
intact skin, only a few cells in the dermis and epidermis expressed it. However, all
epidermal and

~erma!

cells as well as macrophages and some other inflammatory cells

stained positive for IGF within 1-3 days after physical damage (9). The mRNA levels of
both IGFs increase significantly after injury. The absence ofiGFs has been demonstrated
in patients who have difficulties with healing, such as diabetics. IGF-I was found to be
absent in basal layers of epidermis and in fibroblasts located in the wound edges of
diabetic foot ulcers (9). Conversely, IGF concentration must be maintained in proper
balance or it could lead to excessive collagen formation. Enhanced expression ofiGF-I
has led to hypertrophic scar tissue in burns (9).

19

Biological Effects of Electromagnetic Waves
Phototherapy
The visi)lle spectrum is the portion of the electromagnetic spectrum that is visible
to the human eye. There are no exact boundaries to the visible spectrum; a typical human
eye will respond to wavelengths from 400 to 700 nm. The energy transmitted by
electromagnetic :radiation is inversely related to its wavelength. Therefore, the shorter the
wavelength, the more energy the waveform carries.
Red light lasers produce wavelengths close to the infra-red (IR) radiation
wavelength. IR radiation contains long wavelengths, but induces vibration, bending, and
stretching of molecules and is therefore associated with an increase in heat. Of the three
phases of healing- inflammation, proliferation, and matrix remodeling- red laser light
appears to accelerate inflammation by modulating prostaglandin levels, enhancing
activation of macrophages, promoting fibroblast proliferation, and facilitating collagen
synthesis (11). All of these processes can accelerate wound healing.
Healing is an energy-consuming process; therefore, anything that provides
energy might aid in the wound-healing process. Phototherapy may be able to increase
mitochondrial eqergy production. Increased energy can lead to rapid normalization of cell
function, pain relief, and healing (11). Low energy visible light (LEVL) has many
medical uses, which include increasing the rate of soft and hard tissue wound healing,
enhancing fertilization capability, and increasing the respiratory burst in neutrophils (12).
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Visible light interactions do not normally break covalent bonds, but do induce
I

oxidative changes in some molecules. Some intracellular molecules, such as hemes and

'

flavins, can absorb visible light (12). These molecules are logical mediators because they
are among the few biological molecules that absorb light in the 400-500 nm range and
that are abundm?t in the mitochondria. It has been suggested that reactive oxygen species
'

(ROS) can be ptoduced by photosensitization of endogenous cell chromophores such as
cytochromes, flavins/ riboflavins, and NADH (12). Illumination causes transient
'

increases in [Ca+2], which can induce numerous intracellular signal pathways (12).
Although ROS can lead to cell death, at minute concentrations, they can also regulate
signal transduction pathways including activation of protein kinase and redox sensing
transcription factors (12). It has also been shown that prolonged [Ca+2] can also be lethal
to the cell, but at low, transient concentrations cells can avoid death. The low and
transient concentration levels enable the cell to accumulate sublethal damage by inducing
cellular adaptation responses (12). This adaptation induces transcription and translation
I

of oxidative stress enzymes, induction of heat shock proteins, and stimulation of cell
growth (12).
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Red Laser Therapy
Previous studies of red laser light using wound models with cultured fibroblasts
have demonstrated a much higher rate of chemotaxis and haptotaxis for the treated cells
when compared, to cells that were not irradiated. Wound margins remained clearly
defined in nonirradiated controls, while the irradiated fibroblasts migrated to the center of
the defect (11). Positive effects of the phototherapy, defined as closure of the wound
margins, were dose- and wavelength-dependent. Stimulatory effects were seen at 2.5
J/cm2 and 5 J/cm2 (joules/centimeter). Energy in the range of I 0 J/cm2 and 16 J/cm2
showed inhibitory effects, characterized by decreased cell viability, decreased
proliferation, and significant damage to the cell membranes (II).

Quartz Tungsten Halogen Light (QTH)
Another source of photo energy is filtered quartz tungsten halogen light (QTH).
Filtered QTH emits 94% of its spectral output between 400 and 500 nm. These emissions
are consistent with light sources designed to activate camphorquinone, a common
activator of composite resins with an absorption maximum at 460 nm. Properly filtered
dental QTH light has minimal infrared wavelengths (>700 nm) which reduces the
tendency of light application to heat the tooth and adjacent tissues. Infrared light (7001050 nm)

induc~s

cell stress responses, such as induction of heat shock protein synthesis,

and ultimately induces cell death by denaturation of proteins (13). Biological effects of
visible light (400-700nm) are not well known and are viewed as innocuous. Previous
studies have shoWn that in vitro cell models irradiated with 15 to 60 J/cm2 of blue light
energy (QTH ano PAC) have caused temperature increases of2-3°C depending on the
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energy exposure (I 3). For the temperature to return to baseline after such exposure, up to
120 to 130 s are needed. Potential intracellular targets of blue light are not well known;
however, cellul\rr components such as flavin and porphyrin ring structures absorb blue
i

light and therefore may serve as an endogenous photoactivator. Because these
compounds are important components of the mitochondrial energy production system,
assessment of mitochondrial effect is a logical focus (14). Blue light at a high energy
level of 15-60 J/cm2 may induce oxidative stress that affect the balance of pro- survival or
pro- apoptotic forces. The ultimate cellular response depends on the energy needs, gene
expression, or undetermined factors that are cell specific (13). It is possible that, at lower
doses, a stimulatory effect can be seen in other cells that divide rapidly and require high
mitochondrial energy output. ROS has been correlated with blue light exposure through
proteomics analysis ofTHP-1 monocytes. QTH treatment resulted in induction of
members of the peroxiredoxin family of proteins. These enzymes are important in the
scavenging of intracellular peroxide, a well known ROS (14).

Reactive Oxygen Species (ROS)

.

Reactive oxygen species (ROS) comprise a group of noxious byproducts of
oxidative processes that participate in the induction of many common diseases (15). ROS
can damage a number of essential cellular components including lipid membranes, DNA
and proteins. These molecules contribute to the pathogenesis of a number of diseases
including inflllffilllation, heart failure, hypertension, and athrosclerosis. However, new
evidence indicates, that acting at lower concentrations, ROS may serve as a signaling
molecule (I 5).

~response

to oxidative stress, cells activate expression of a number of

23

genes, including those required for detoxification of reactive molecules as well as for the
repair and maintenance of cellular homeostasis. ROS can regulate cellular function
directly by altering enzymes such as protein kinases, or indirectly by modulating
molecules containing high thiol-disulfide oxidation potential, such as thioredoxin or
glutathione S-tr~sferase (16). These molecules play a significant role in the modulation
of the inflammatory defense mechanism, regulation of transcription factors, enzyme
activity, cell proliferation, and various other crucial physiological signaling transduction
pathways (17). Exogenous oxidants have been known to stimulate growth through
upregulation ofEGF and PDGF (15). Tyrosine kinases and their downstream signaling
components, including mitogen-activated proteins kinases, are increased in the presence
ofROS (18).
A transcription factor that has been closely studied in response to oxidative stress
is Nrf2. Nrf2 transcription factor can bind to the cytosolic protein Kelch-like ECHassociated protein-!, Keap I. Keap I is a cysteine- rich protein that can bind to the actin
I

cytoskeleton in addition to Nrf2 and causes proteosomal degradation ofNrf2.
Experiments have shown that stress, such as that produced by ROS, induces dissociation
ofNrf2 from Keapl. Nrf2 is then allowed to translocate to the nucleus and affect gene
induction and protein expression (19). Exposure to blue light induces Nrf2 accumulation
and nuclear translocation in a number of cell types, including human keratinocytes (19).
The unique chemical nature of ROS makes them ideal candidates for self- limiting
messengers in cell signaling. However, their chemical reactivity and short life-span
combined with the complexity of their detection makes their physiologic role difficult to
study.
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PURPOSE

'
Fibroblasts
are crucial in the matrix and collagen deposition in wound healing that

follows injury. The purpose of this project was to determine the effects of blue light on
the growth and migration rates of human gingival fibroblasts (HGF) and normal human
epidermal keratinocytes (NHEK). In addition, the possibility that filtered blue light may
induce cytokine .secretion favoring accelerated wound closure was explored.
I

RESEARCH HYPOTHESES

#I: Low doses of blue light will enhance cell repopulation into a cell free site following
physical cell damage.
#2: Low doses of QTH-generated blue light will enhance mitochondrial activity in NHEK
and HGF cells.
#3: QTH-generated blue light will alter HGF and NHEK cytokine secretion and will
increase production of growth factors.

25

SPECIFIC AIMS
Specific aim # 1: An MTT assay was used to determine cellular mitochondrial response to
blue light to establish a light dose for NHEK and HGF cells (MTT).
Specific aim #2: The light dose determined in Specific Aim #1 was used to perform cell
repopulation studies using the DRAQS DNA probe.
Specific aim #3: Conditioned media collected from cells that were exposed to QTH light
was used to identify upregulation or downregulation of cytokines by utilizing the RayBio
'

® human growth factor antibody array #I.

II. MATERIALS AND METHODS

Overview:
In phase I, optimum conditions for light treatment experiments were determined
using the standard MTT assay to test parameters that included seeding density, media
conditions, and light dose. HGF and NHEK cells were plated in 24- well plates and
allowed to attach' overnight. Cells were then exposed to various doses of blue light.
Mitochondrial activity was determined by measuring the activity of succinate
dehydrogenase (SDH) via MTT assay. The light dose at which HGF cells exhibited the
greatest increase in SDH activity was used for the remainder of the project.
In phase II, a wound was created using a ring template in the 24 well cultures.
Cells were cultured around the outside of the ring; the ring therefore created a "no-cell
'

zone." After the cells attached for a period of 24 h, the ring was removed and the cells
were exposed to the light dose determined above. Cell repopulation was measured using
the DRAQS DNA probe, with digital analysis (Odyssey Infrared Imaging System by Li,

Core Bioscience®) to monitor reduction of the 'no cell zone' during an 8 day period.
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In phase III, conditioned media from the phase II cell cultures were used to
examine growth factor secretion in response to blue light exposure. Secretory profiles
after blue lig~t exposure were compared to no-light controls.

Isolation of Human Gingival Fibroblasts
All HGF cells were provided by Dr. Lapp, but the following briefly describes the
procedure used to isolate them. In addition, teeth were obtained from systemically
healthy patients requiring extractions of the fully erupted premolars for orthodontic
reasons, or from impacted molars, in accordance with the protocol approved by the
Medical College of Georgia (MCG)-Institutional Review Board. Teeth to be extracted
showed no signs of inflammation and no evidence of periodontal attachment loss.
Clinically healthy marginal gingival tissues were excised from the interproximal
premolar and molar papillae of patients without periodontal disease.
All tissue samples were handled using aseptic techniques (Figure 2). The
specimens were placed directly into the medium containing tissue culture tubes and
transported to the laboratory for explanting. Transport media consisted of Dulbecco's
Modified Eagles Medium (DMEM) supplemented with 300 units penicillin, I 00 J.lg/ml
streptomycin. All subsequent procedures were conducted in a sterile environment under a
laminar flow hood. The gingival tissues were minced into 2 x 2 x 3 rnrn3 pieces and
placed in 6-well culture plates containing DMEM plus 10% fetal bovine serum (FBS),
100-units/rnL penicillin, 1OOJ.lg/mL streptomycin in medium. Explants were incubated at
37" C in an atmosphere of 5% C02 :95% air and 100% humidity for 2-4 weeks. The
medium was replaced after one week and every 3 days thereafter until cell confluence
I
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was observed. Cells that had migrated from the tissue explants were released from the
I

cultures surface using 0.05% trypsin- EDTA (Invitrogen!GIBCO, Gaithersburg MD) and
re-seeded

int~

a 75 cm2 flask in the same DMEM. Such cells were designated passage #1,

maintained in media and sub-cultured weekly, as needed for experimentation, or frozen
I

for future use. All cells were utilized between passage four and eight. Cell cultures were
monitored using phase contrast microscopy.
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Figure 2. Tissue culture hood with experimental setup for light treatment ofa 24-well
plate.
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Establishment of Human Gingival Fibroblasts in Culture
To culture the cells, all nutrient medium'in each flask was removed and placed
into a waste c9llector. Fibroblasts were rinsed twice with Phosphate Buffered Saline
(PBS). Two and a halfml of0.05% trypsin-EDTA was added to each T-75 flask
immediately after the PBS rinse. Once trypsin was evenly distributed over the fibroblast
layer, the flask was allowed to sit at room temperature for 4 minutes, or until the
fibroblast monolayer separated from the flask. At this point the trypsin was immediately
removed, and the flask placed into the incubator for 4 minutes. When the fibroblast cells
were completely separated from each other and the container walls, approximately 8 mL
of medium was added to the flask to neutralize the trypsin. The resultant fibroblastmedium suspension was mixed thoroughly by pipetting to ensure complete separation of
the fibroblasts from one another and to provide an even distribution within the medium.
The cell suspension was transferred to a 15 mL centrifuge tube and centrifuged for 8
minutes at 110 x g and at room temperature. The supernatant was aspirated, except for
100-200 j.!L. The cell pellet was diluted with 5 mL of growth medium, and the cell count
was determined using a hemacytometer. The hemacytometer contains four squares for
counting cells. All four squares were counted and averaged. Cell count was determined
by the following formula:
Millions of cells per mL=Number of cells counted+ 400
Total cells=Millions of cells per mL X 5
A T-75 flask labeled with passage number, strain number, cell type and date was
prepared for 2.0-4.0 X 10 6 cells per T-75 flask. For experiments, a cell suspension was
transferred into a beaker containing approximately 350 mL ofDMEM with 10% FBS and
mixed thoroughly. The resultant fibroblast mixture was then divided and suspended into
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24- well cultUre plates for the experiments. The remaining cells were placed into the T-75
flask.
The flask medium was changed every 3 to 4 days as required. When cell
I

confluence was reached, the cell line was sub-cultured using the same technique
described above. At this passage, the cells from the two T-75 flasks were used to seed
additional 24-well plates. The plate medium was replaced every 3 days until a confluent
monolayer w~s observed.

Procedure for Freezing Cells
Fibroblasts were re-suspended in DMEM + 10% FBS. The cell- rich medium was
then transferred into two sterile 50 mL conical tubes and placed in a Beckman J-6M
Induction Dri~e Centrifuge to pellet the cells. The cells were spun at 700 rpm (1 00 x g)
for 10 minutes at 18-20"C. After removal of the supernatant, the cell pellets in each tube
were re-suspended in 10 mL of cell freezing medium (50% FBS in 1O%DMEM with 10%
Dimethyl sulfoxide (DMSO)). One ml of this concentrated cell suspension was then
pipetted into a 1.2 mL Nalgene cryovial (Nalge Company) and was secondarily packed
into a Nalgene Freezing Container. The freezing containers, enclosed in a Styrofoam
cooler, were initially placed in a Fisher Scientific Isotope freezer at -80"C for two days.
Then the vials were transferred to a Cryostat Freezer at -135"C or a liquid nitrogen tank
for storage.
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Establishment of Normal Human Epidermal Keratinocyte in Culture
'

NHEKs were cultured according to the instructions provided by the manufacturer,
Lonza®. Upon arrival, cryovials containing cells were stored in liquid nitrogen until they
were ready to be used. Medium (15 mL) was equilibrated in a T-75 flask at 37'C and 5%
I

COz in a humidified incubator for at least 30 minutes before seeding. Seeding density for
NHEK was determined by the manufacturer to be 3- 5000 cells/cm2 •
NHEK cells were thawed by placing cryovials in a 37'C water bath until all ice
was melted btit no longer than 2 minutes. Cells in the cryovials were resuspended using a
I

micropipette and dispensed into a T-75 flask. The flask was gently rocked to evenly
distribute cells, and returned to the incubator. Cells were subcultured when they were
70%-80% confluent and contained many mitotic figures throughout the flask.
For subculturing, medium was aspirated from the vessel, and cells were rinsed
with 12 mL o~ 4-(2-hydroxyethyl)-piperazineethaesulfonic acid buffered saline solution
(HEPES- BSS). HEPES-BSS was aspirated and cells were treated with 6 mL of
trypsin/EDTA solution. Cells were examined microscopically and trypsinization was
allowed to continue until 90% of the cells were rounded in shape, which took place in
about 7 minutes. The flasks were inverted and were rapped against the palm of the hand
to allow the majority of the cells to be released. Following cell release, trypsin was
neutralized with 12 mL of trypsin- neutralizing solution (Lonza®) per flask. Cells were
transferred to a sterile 15 mL centrifuge tube. The flask was rinsed with 2 mL ofHEPESBSS to collect the residual cells and the rinse was added to the centrifuge tube. Harvested
cells were centrifuged at 600 x g for 4 minutes to pellet the cells. Supernatant was
I

aspirated except for 100-200 J.lL. Flasks were prepared by labeling each flask with
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passage number, cell type, and date. Growth medium was transferred to the new culture
vessel by adding 15 mL per T-75 flask. Cells were dispersed with a 5 mL pipette to
ensure uniformity, placed into the new culture vessel and placed in a 3TC humidified
incubator with 5% COz.
NHEKs were maintained by changing the growth medium the day after seeding
and every other day, thereafter. As the keratinocytes became more confluent the volume
of medium was adjusted upward.

Cell Wounding Protocol
The in vitro wounding was accomplished with sterile cloning cylinders
(Scienceware®, \l.o'' I.D. x 5/16" H) (Figure 3 (a)). Cylinders were centered and
stabilized in 2'4-well plates. Cloning cylinder stability was achieved with custom made
plastic hoops (Figure3 (b)). The hoops were bands that were about 2 mm longer then the
diameter of a 24- well plate. The hoops were placed above the cylinder and the extra
length forced the cylinder to tightly contact the bottom of the well (Figure 3 (c)).
Gingival

fibro~last

or normal human epidermal keratinocytes were plated around the

cylinders to create a "cell-free zone" in the center of the well. The "cell free zone"
modeled a clinical wound. Each plate was incubated for 24 hours to allow for cell
attachment. After 24 hours, cylinders and stabilizing hoops were removed and medium
was changed to a 50% DMEM/50% keratinocyte growth medium (KGM) solution.
Wound sites were examined under phase contrast light microscope to ensure all cellular
and extracellular material had been removed. Light treatment was initiated and various
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experiments were begun. Wound closure over time was examined and documented
through photographs.
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Figure J(a). Cloning Cylinder

Figure J(b). Wound in 2-1 well plate
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Figure 3(c). Representation of the custom made- hoops utilized to stabilize the
cloning cylinders.
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Cloning ring herilization protocol
Cloning rings (Scienceware®, '/.,'' I.D. x 5/16" H) were scrubbed and washed
with alcohol and water solution. Rings were then rinsed with sterile water and placed into
a beaker. Isopropyl alcohol (70%) was used to cover the rings, which were allowed to
soak briefly, drained, and then the beaker was covered with sterile aluminum foil. The
beaker was then placed in a 60° C drying oven until future use.

Light treatment procedures
Light treatment was performed with the Optilux (Kerr) curing light attached to a stand.
This allowed the light tip to be placed directly above the well in the 24-well plate at a
reproducible distance. Foil was used to cover the entire plate except for a circle of the
same diameter;as the light tip (Figure 4). This prevented additional doses of light on cells
in adjacent wells. Only the wells in the top and bottom rows, contained cells. Opaque
sterile cotton 'Yas placed in cell-free wells to prevent dispersion of light into the no-light
controls.

37

Figure 4. Cells exposed to QTH generated blue light
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MTT Assay Protocol
Cells (40,000 cm2) were plated with 500 ~L of medium into 12-wells of a 24well plate. Both light-treated and control groups were incubated for 24 hours. Control
cells received no light exposure, but were analyzed at equivalent times. SDH activity was
'

assessed using a modified MIT assay (20). Medium was removed and cells were washed
with 1 mL/ well of IX phosphate buffer at a pH of7.7. MIT at a 2% concentration (500
~L

per well) was added to each well and the plate was incubated for 45 minutes at 37'C.

After 45 minutes, 0.5 mLI well of 4% Tris formalin was added and cells were allowed to
sit for 2-3 minutes to fixate crystals at the bottom of the well. All liquid was carefully
removed and wells were allowed to air-dry. After drying, wells were washed with 1.0 mL
I

sterile H20. Water was removed and crystals were dissolved with 0.5 mL solution of 10%
DMSO/ NaOH per well. The plate was gently swirled until a uniform color appeared.
Then 100 ~L from each well was transferred to a labeled 96- well plate for
spectrophotometric analysis at 560 nm. SDH activity, as optical density, was plotted as a
function of ti111e for each light dose and each cell type.
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Human Growth Factor Antibody Array Protocol
Human growth factor antibody array membranes (RayBio®) were placed into an eight
well tray with sterile forceps (Figure 5). A mixture of Odyssey blocking buffer (4 mL)
with 0.01% Tween-20 was added to each membrane and allowed to incubate for 45
minutes. Blocking buffer was removed using a sterile 21 G needle. Membranes were
rinsed twice with 4 mL of wash buffer II (RayBio®). All liquid was removed and a 1.5
'

mL medium sample, collected from either control or light- treated cells, was added to
each membrane. Incubation, at 37"C, was allowed for I hour and 45 minutes. Samples
were removed and membranes underwent a series of washes. Wash buffer I (RayBio®)
(4 mL) was allowed to coat membranes for 5 minutes, 3 times. Wash buffer II (4 mL)
was added for'S minutes, 3 times. All liquid was aspirated from membranes, and 1.5 mL
of conjugated antibody was added to each well. Conjugated antibody was incubated for 1
hour and 45 m,inutes. After removal of conjugated antibody, membranes underwent a
series of washes, as above. Excess liquid was removed and 2 mL of conjugated
streptavidin an,tibody mixed with alexa-fluor was added to each membrane. Incubation
was allowed for 45 minutes. After removal of conjugated antibody, membranes
underwent a series of washes. Wash buffer I (2 mL) was allowed to coat membranes for
5 minutes, 5 times. Wash buffer II (2 mL) was added for 5 minutes, 3 times. After the last
rinse, buffer II r'as allowed to remain in the well to facilitate analysis. Trays with
membranes we~e placed into the Odyssey Infrared Imaging System (Li-Cor Bioscience
®).Membranes were read at an 84 J.lm resolution, 0 mm focus offset and an intensity ofS
for both channels.
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Figure 5. Cell media placed coating array for processing
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DRAQ 5 Protocol:
DRAQ5 is a DNA probe that binds to replicating DNA cell division. Cells were
plated and "wounded" as described in the protocol. Test groups of cells were light-treated
with 5 J/cm2 . DRAQ5 (Biostatus®) (0.5 J.!L) was mixed with 999 J.!L of sterile PBS under
sterile conditions. The mixture was gently vortexed and immediately wrapped in
aluminum foil to prevent decomposition due to light. The solution ofDRAQ5/PBS (500
J.!L) was added to each well for samples tested for 0, 6 h, 24 h, 48 h, 72 hand 8 days.
Plates were covered with aluminum foil and placed into a 3TC incubator for 30 minutes.
After 30 minutes, the DRAQ5/PBS solution was removed and 500 J.!L of medium with
serum were added to each well. Plates were scanned with the Odyssey software at 700

nm. Test and control groups were compared.

Phase 1: Establishment of Optimum Treatment Parameters
Experiment 1: Cell seeding density optimization
Approximately, 20 thousand HGF cells/cm2 were plated around a sterile cloning
cylinder in a 24- well plate. This was to determine appropriate cell density and to see if
any differences could be seen in cells exposed to blue light compared to cells without
exposure. As explained earlier, only the top and bottom rows and only every other well
were used in this experiment, and all other wells were filled with opaque material to
prevent diffusion of blue light through the walls of the treated wells. Wells on the bottom
row were treated with 2.5 s of light, while the wells in the top row were shielded from
blue light exposure. Cells were visualized and photographed daily under a light
microscope.
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Experiment II: Light dose optimization
For experiment II, six 24-well plates were plated with 40,000 HGF or NHEK cells
I

per well (as

de~ermined in experiment I) and wounded to determine optimum light dose

for cell migration or proliferation. Only the top and bottom rows and only every other
well were useq in this experiment. All other wells were filled with opaque material to
prevent diffusi~n of blue light. Plates were incubated for 24 hours after plating and
cloning cylinders were removed after a day of cell attachment. Each plate was treated
with a different dose of light by varying the length of exposure to light. Light doses
consisted of 1.25 J/cm2, 2.5 J/cm2, 7.5 J/cm2 and 22.5 J/cm2 . Wells were visualized and
photographed under the light microscope at 6 h, 1, 2, 4, 6 and 8 days after exposure to
light.

Experiment III: Optimization of wound repopulation
For experiment III, six 24-well plates were plated and wounded to estimate mitochondrial
activity under different doses oflight. Plates with cells were established as described
above. Each plate was treated with a different dose oflight, and light doses consisted of
1.25 J/cm2, 2.5, J/cm2, 7.5 J/cm2 and 22.5 J/cm2 • Cells were allowed to grow for 8 days.
Medium was changed every 3 days, or medium was added if cell dehydration was
suspected. On day 8, all plates were treated with an MTT assay and quantified with the
spectrophotometer.

43

Experiment IV: Optimization of experimental conditions
For experiment IV, two 24-well plates were used to determine the effects of cell density
and the effects of medium on cell metabolic activity. Every well was plated with HGF. In
the first two rows cell density was 40,000/cm2 and in the bottom two rows, cells were
plated at a density of 80,000/cm2 • Cells were incubated and allowed to attach for 24
hours. At 24 hours, the medium in each well was changed to various media types.
Media used included: 1) HGF medium (90% DMEM with 10% FBS), 2) 50% HGF plus
50% NHEK medium solution, 3) Hallams, 4) PBS or 5) phenol red free DMEM solution.
Solutions were placed in the wells with cells, and treated with 2.5 s of light. After a 48 h
incubation and light microscopic visualization, medium was changed to HGF medium
(500 11Liwell) alone. At 72 h, cells were tested with an MTT assay. After crystal

desolubilizati~n, solutions were transferred to a 96-well plate and their SDH activity was
determined using a spectrophotometer.

Phase II: Cell activity, proliferation and cytokine expression in response to QTH
light
Experiment V: Effect of blue light exposure on growth factor secretion
Experiment V was performed to examine potential up-regulation of growth factor
after cells were exposed to blue light, compared to controls that were not treated with
blue light. As above, six plates were prepared with HGF cells plated around cloning

'
cylinders under sterile conditions. Each plate was treated with 2.5 J/cm2 of blue light, as
determined by the optimum light dose experiment. Cells were photographed and
visualized under light microscope. At various time points, which included 0 s, 6 h, 24 h,
48 h, 72 hand 8 days, the medium in which the cells were growing was collected and
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pipetted into 1.2 mL labeled Nalgene cryovials and frozen at -80'C until medium was
ready to be used. At the time of analysis, cryovials were thawed for 30 minutes but kept
cold. Medium was analyzed according to the Human Growth Factor Antibody Array
Protocol described by RayBio®.

Experiment

YI: Effect of blue light exposure ou mitochondrial activity and DNA

content

Experiment VI was performed to differentiate mitochondrial activity due to cell
migration ver~us cell proliferation. HGF cells were arranged in six 24-well plates as
noted above. Plates were incubated for 24 hours and cloning cylinders were removed
after a day of ~ell attachment. Only the cells in the top row were treated with 2.5 J/cm2
of blue light, as determined by the optimum blue light dose experiment. Experimental
I

wound closure was stopped according to their predetermined time points (0 s, 6 h, 24 h,
48 h, 72 hand 8 days) at which times cells were treated according to the DRAQ5
protocol. Cell~ that were not harvested for DRAQ5 immediately, or at 24 hours, received
I

medium changes every 48 hours. All experiments were performed and repeated in a
similar manner for NHEK cells, except experiment IV.
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'

DATA ANALYSIS

Quantification
The effect of blue light on cellular metabolic activities was assessed by the MTT
assay, which measures succinate dehydrogenase activity. Active cells will convert the
soluble MTT tetrazolium compound to blue, insoluble formazan that will precipitate
in cells in proportion to the amount of mitochondrial activity. The rate of wound
healing was estimated by determining the progress of active cells into the area of a
ring of precisely known dimensions, which creates the 'wound' area.
To determine decrease in wound size and cell proliferation, DRAQS DNA probe
was utilized. After processing cultures, the geometry of the wound in the culture well
was scanned using a flatbed scanner and analyzed by the Odyssey Infrared Imaging
System Software (Li-Core Biosciences®). This was accomplished by measuring the
amount of red color that appeared in the formerly cell-free zone. Controls were not
treated with light and were used for comparison.

Statistical Analysis
For the cell wound healing experiment, two phases of the experiments were
performed, each with separate statistical treatment. In phase one, the dose of light that
maximized cellular growth ofHGF and NHEK was determined (independently). For
these experiments, the dose level was categorical data (independent variable) and the
dependent 'variable was the amount offormazan produced. In this case the formazan
was dissolved in DMSO and quantified by a spectrophotometer. The time post- light
exposure was limited to 72 hours. Controls received no light treatment. One- way
ANOVA with Tukey post hoc analysis was used to compare the light doses with no
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light controls. Power analysis, based on standard deviations from previous
experiments in the Jab, suggested that replicates of n=6 provided sufficient power (1-

p) to see a I 0% change in formazan production if a was 0.05. From these
experiments, we selected a light dose that apparently maximized cellular growth.
In phase two, we exposed HGF and NHEK (independently) to the optimal light
dose determined, then measured growth into the wound over time, ranging from 0 to
8 d, using the strategy previously mentioned. Control wells received no light
treatment. For these experiments, the dependent variable was the change in formazan
activity and the independent variable was time, which was treated as categorical for
our experiments (I or 3 d). Within each time point, we compared+/- light conditions
using two-sided t test, where n=6 gave a power to see I 0% difference between cell
activity of the control vs. light cultures. Then induced changes in mitochondrial
activity were compared to control.
For experiments that measured cytokine secretion, the analysis was restricted to
changes in cytokine secretion induced by blue light. No attempt was made to compare
cytokines jn these experiments. A sample size ofn=3 was used because of the
'
'

expense of these tests, which reduced our power to see changes in cytokine levels to
25% (a= 0.05), but was sufficient to identify major changes. In these experiments,
the light treatment condition was the independent, categorical variable and the level
of growth factor secretion was the independent, continuous variable. The Odyssey
Infrared

!~aging

System (Li-Cor Bioscience®) provided numerical values for

conjugated antibody fluorescence intensities.
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III.

RESULTS

Experiment 1: Development of wound model
Visual and light microscopic examination indicated that a "wound" could be reproduced
using cloning cylinders in a 24-well plate. Wounds were of consistent diameters, and a
cell- free zone could be established by removal of the cloning cylinder after a 24 hour
incubation p~riod. The cloning cylinder created a wound within the well which allowed
equal treatment with QTH filtered light to HGFs. Although a stereoscope would allow
visualization of the entire wound diameter, light microscopy was performed to document
migration patterns into the cell-free zone (Figure 6(a) and (b)). Wound size was
quantified in later experiments using DRAQS staining and the Odyssey Infrared Imaging
System (Li-Cor Bioscience®) After it was noted that the wound could not be quantified
under the light microscope, a parallel NHEK experiment was not attempted.
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Figure 6. (a) Wound margin of72 hour control HGF cells under
the light microscope. (1 OX) Note that scalloping of the cells at the
wound margin is not as prominent as that seen in the lest group in
the following picture (66b).
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Figure 6. (b) Wound margin o/72 hour test HG F cells under the light microscope.
Note a greater prominence of cell migration into the ''wound" compared to the
control above (66a).
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Experiment II: Light dose
Wells containing "wounded" cells were exposed to various doses of light: 1.25 J/cm2, 2.5
J/cm2 , 7.5 J(cm2 and 22.5 J/cm2 • Cells were visualized under the light microscope over 1,
2, 4, 6 and 8 days. Light microscopic examination suggested increased mitosis and cell
migration into the cell-free zone in light-treated cells when compared to controls (Figure
7 and Figures 8(a)-8(h)). MTI analysis ofHGFs indicated increased SDH activity when
HGFs were exposed to 2.5 J/cm2 of blue light (Figure 9). Although a difference was
noted, it was not statistically significant. Increased mitochondrial activity was also seen
for 1.25 J/c~2 and 7.5 J/cm2 of blue light exposure compared to control. A decrease
compared to controls in mitochondrial activity was noted when test cells were exposed to
22.5 J/cm2 oflight (Figure 9).
Previous experiments performed by Dr. Lewis, had shown that NHEKs responded
with increased SDH activity when exposed to 5.0 s. of light. Furthermore, because of the
difficulty and expense in culturing primary NHEK cells, the light doses at which HGFs
had the greatest response to QTH-generated light were used for NHEKs as well.
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Figure 7. HGF cells 8 days after light treatmenl. The arrows point to cells that have
become rounded in preparation for division.
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Figure 8 (a). MTT for HGF
cells, 6 h after 2.5 Jlcm 2 of light.
Note the very distinct wound
margin.

Figure 8 (b). MTT for HGF
cells, 6 h control. Note the very
distinct wound margin.
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Figure 8 (c). MTT for HGF
cells. 2-1 h after 2.5 J/cm 2 of
light. Note the wound margin is
less distinct relative to the
control below. Cells have begun
to migrate into the cell free
zone.

Figure 8 (d). MIT for HGF
cells, 2-1 h control. Note the
wound margin is more
prominent than the wound
above. Minimal cell migration
into the cell free zone can be
seen.

54

Figure 8 (e). MTT for HGF
2
cells, 72 h ajier 2.5 Jlcm of
light. Note the wound margin is
less distinct relative to the
control below. Cells have
migrated half- way into the cellfree zone.

Figure 8 (/). HGF cells, 72 h
control. Cell migration into the
cell- free zone can be seen, but
cells have not filled half of the
wound. Woundfill is less than
the test group depicted above.
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Figure 8 (g). HGF cells, 7 days
after 2.5 J/cm 2 oflight. Greater
cell repopulation into the wound
can be seen relative to the
control group below.

Figure 8 (h). HGF cells, 7days
control. Woundjill is less than
the test group depicted above.
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Figure 9. Graph displays MIT activity (A562) quantified-bythe spectrophotomet(!r after
various times ofblue light exposure-(Os, 2.5s, 5.0s,l5s, and 45s).
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Experiment III: Optimization of seeding densities and media components
HGF were plated at three different densities, 20k/cm2, 40k/cm2 and 80k/cm2 • The best
results were seen when plated at a density of 40,000 cells/cm2• When cells were plated at
80k/cm2, the wound closed too quickly. When cells were plated at the lowest density,
20k/cm2, the wound could not completely close within the 8 day observation period.
Various media also were tested to eliminate the nutrient and quenching effect some of the
media might have on the assays; for instance, phenol-red may absorb light and decrease
its effects of light exposure. Different media components contained in other media types
might generate ROS, so media free of these components were tested for both cell types.
However; the NHEKs were too sensitive and unable to survive alterations in their
medium.'
NHEK cells also were too sensitive to survive 50/50 solutions ofDMEM with the
commercial medium. HGFs were able to survive 50/50 mix of media, but since this
mixture did not resolve the problems of quenching and ROS production, it was decided to
maintain' these cells in their optimum conditions, which was the Lonza NHEK media for
NHEK and HGF media for HGFs.

Experiment IV: Time course of mitochondrial activity measurement after 2.5 J/cm2
of QTB generated light
Mitochondrial activity of cells treated with 2.5 J/cm2 of blue light then grown for time
points 0 h, 6 h, 24 h, 72 h and 8 d were compared to the same cell type that had not been
treated with blue light. HGFs showed increased SDH activity when compared to the same
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cell type not treated with blue light at 6 h, 24 h and 8 days. A decrease in mitochondrial
activity was seen at 72 h, but the findings were not statistically significant (Figure 10 (a)).
NHEK cells had more SDH activity when treated with 2.5 J/cm2 of QTH-generated light
when compared to the NHEKs not exposed to blue light at the same time point.
Specifically, light treated NHEKs had statistically greater SDH activity when compared
to control 11t 24 h (p=O.OS6) (Figure 10 (b)).
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Experiment V:
A total of 41 different growth factor peptides were analyzed using the RayBio®
Human Growth Factor Antibody Array#l. Quantification was performed immediately, 6
h, 24 h and 7 days after light exposure. All cytokines and all time points were initially
evaluated to determine obvious differences. Only 2-fold increases or decreases in growth
factor peptides were analyzed further.
There were no growth factors with at least two fold increases or decreases
immmediately after blue light exposure identified by the HGF array (Figure 11(a)- 11(c)).
There were no growth factors with at least two fold increases or decreases 24 h after blue
light expqsure identified by the HGF array (Figure 11(c)). However, two growth a factors
were ch~ged after 8 days (Figure 11 (c)).IGF-1SR was increased and GM-CSF
decreased (Figure 11(d)).
Compared to controls, there was a 4.17- fold increase in the IGF-1 SR growth
factor at 7 days after blue light exposure of HGF cells(Figure 11 (d)). There was a 2.14fold decrease for the growth factor GM-CSF for cells that had been exposed to blue light
(Figure 11 (e)).
Initially, IGF-1SR protein levels were very similar for both control HGFs and test
groups. Over the time points in which the protein was followed, the test group showed an
increase while the controls decreased from their initial value (Figure 12(a)). GM-CSF
levels initially were the same for test and control. As time progressed GM-CSF stayed
relatively the same, but the control groups showed an increase, such that by 8 days this
growth factor in controls was 2.14-fold higher than in test groups (Figure 12 (b)).
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The same growth factors also were analyzed for the NHEK cell line using the
same arrays. Quantification was performed at 6 h, 24 h, 72 h and 7 d after light exposure.
All cytokiries and all time points initially were evaluated to determine obvious
differences. However, only 2-fold increases or decreases were analyzed further.
At 6 hours after light exposure, PIGF, IGF-1, IGFBP-1 and AR were found to
have greater than 2-fold increases compared to controls. On the other hand, IGFBP-6 and
TGF -a all.showed a considerable decrease in concentration with exposure to blue light
(Figures 13 (a) and (b)).
At· 24-h after light exposure, the growth arrays demonstrated greater than 2-fold
increases for G-CSF,

TGF-~2

and SCF R. There were at least 2-fold decreases in NT-3

and FGF-7 growth factors (Figures 13 (c) and( d)).
At 72 hours, both the control and test groups expressed very similar patterns and
values in growth factors. However, a decrease in PIGF, IGF-1 and FGF-6 was seen in
'

cells exposed to blue light (Figure 13 (e) and( f)).
By day 8, patterns and values of growth factors were almost identical in control
and test groups. Only the growth factor PIGF-2 was found to be greater than 2-fold
increased compared to controls (Figure 13 (g) and (h)).
The six-hour time point had the most striking differences in increases and
decreases of growth factor. Six hours post blue light therapy, AR peptide was 2-fold
increased compared to the controls. Levels remained elevated and at constant levels, but
by 72 hours, the AR levels in control surpassed those of the test group. AR levels in the
test group and control group increased through all time points (Figure 14 (a)).
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IGFBP-1 increased by 10.58-fold immediately after light exposure when
compared to controls. IGFBP-1 levels were identical to control at all other time points.
IGFBP-1levels in the test group decreased considerably throughout the remaining of the
time points, while the controls showed a small elevation in concentration (Figure 14 (b)).
TGF-

~2

concentrations in the test group continued to slowly progress, and by the

final day of analysis, had almost identical concentrations with the control. At the 24 hour
period TGF-~2 had its maximum increase, 4.75-fold. The control groups showed a slight
decrease in this factor with time (Figure 14 (c)).
The SCF receptor for growth factor (SCF R) was increased 4.8 fold compared to
the contro,l at 24 hours post treatment. At all other time points, test and control groups
were identical or very similar (Figure 14 (d)).
NT-3 decreased by 2.1-fold at 24 hours in the test group compared to control. In
general, test groups remained slightly elevated , but never above two-fold, compared to
control groups at all times, except the final time point. Control and and test group
patterns ofNT-3 concentrations paralleled each other closely (Figure 14 (e)).
The patterns of G-CSF concentrations and levels were almost identical and
parallel, except at 24 h, whwere G-CSF had a 2.1-fold increase. Both control and test
groups had a gradual increase in concentration by the end of day 8 (Figure 14 (f)).
FGF-7 concentrations in the test groups and in the control groups were identical
immediately after light treatment. Overall, the patterns for the FGF-7 level were parallel,
although there were great differences between quantity of the control and test group at
time points 2, 3 and 4. At 24 hours, the difference was a 2.3-fold decrease in the
treatment group relative to controls (Figure 14 (g)).
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PIGF increased by 3.29-fold six hours after blue light exposure, but at 72 hours,
the test group showed a 3.05-fold decrease compared to the control. At 8 days, the
concentration ofPIGF had increased again, and WaS 2.04-fold higher than the control
(Figure 14(h)).
FGF-6 values in the test and control seemed to decrease as time progressed. The
patterns in which they decreased were almost parallel to each other, and the value of the
signal intensity was also closely related. The exception was at 72 hours; at this time
point, FGF-6 in the test group was found to be 2.9-fold times lower than the control
(Figure 14 (i)).
IGF-1 increased by 2-fold six hours after QTH-generated light. At time72 hours,
the test group showed a significant decrease compared to control. There was an 8.2-fold
decrease in the test group compared to control. However, by day 8 the peptide increased
and the test group had an 8 fold increase over the control (Figure 140)).
IGFBP-6 decreased by 2.2-folds six hours after 2.5 J/cm2 oflight exposure.
During tht; remaining time points, IGFBP-6 for the test group slowly and constantly
increased.'At time points 24 hand 72 h the concentrations of the control and test groups
were almost identical. By day 8, the control was decreased less than half of the test group
(Figure 14 (k)).
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Changes at 24 Hours
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Experiment VI:
Analysis of DRAQS staining evaluated the production of labeled DNA by HGF
and NHEK cells. For each cell type, DNA staining in the wound was compared to DNA
staining in the periphery. HGFs were examined immediately, 6 h, 72 h and 7 days after
light treatnient. For all time points, except immediately after blue light exposure, cells in
the center of the wound appeared to have increased DNA labeling when compared to
those in the wound margins(Figure IS(a)). However, this difference was not statistically
significant at 6h after light treatment.
NHEKs were evaluated at time points 0 h, 6 h and 72 h. NHEKs responded
differently; the wounded areas had less DNA material than in the periphery relative to
the controls. This was statistically significant only for the 6 h time point (Figure 13 (b)).
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of the untreated cells. In the above graph, m=margin ofwound andw= center of wound
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V. DISCUSSION

Wound healing is a well-orchestrated process that can be modulated by various
condition~.

Factors that impede wound healing, such as diabetes mellitus, exogenous

'

steroids, malnutrition, infection, immune compromised, hypoxia, and smoking, have been

!

studied extensively. Wound healing is negatively affected by depletion of growth factorrich cells, nutrients, and building blocks needed for the intensely biosynthetic
environment. In contrast, strategies to enhance wound healing include targeting growth
factor production, vascular ingrowth and increased oxygen content at the wound site.
In this study, a cell-culture- based wound healing model was developed, although
!
it is understood that cell cultures do not fully reflect the human condition of wound
healing. l\.1any variables are added that can affect the overall outcomes. The environment
of cells in culture is different from the in vivo environment (21 ). Primary cells are
:

difficult to grow and are often put into artificial environments, such as favorable
concentrations of gases, growth factors, proteins, and nutrient elements that stimulate
their sun;ival and division (21 ). Cells are attached to glass or plastic and covered in a
stagnant serum; therefore, they do not experience the exchange of physiologic fluid that
occurs in: vivo, or the attachment to a natural matrix (21). Despite these differences, cell
culture models allow all cells to be in a similar environment, and this permits hypotheses
to be tested.
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The novel in vitro wound model used in this study provided many benefits, but
also had some shortcomings. In the past, a linear wound created by rubber police-man
and suction was used for in vitro studies. This model did not allow precise quantification
of the cell-free zone, and resulting wound sizes were not reproducible. The wound model
used herein was specifically designed for treating all cells within a well with an equal
dose of visible light from a curing light. Because the cloning cylinders were of known
diameter and identical area, quantification of wound closure was possible. Furthermore,
each well in the 24-well plate was the same diameter as the tip of the Optilux QTH curing
light system (made by Kerr). This coincidence allowed for the light tip to be placed
directly over the cells with minimal light dispersion and therefore ensured that each cell
received the same dose of light. The wounds were consistently reproduced; however, the
'

diameter \)fthe cloning cylinder was greater than what could be captured by a single field
of view in the light microscope. Despite this unforeseen problem, the model can be
utilized for experiments in which an initial compartmentalization of two cell lines under
identical conditions is required, or for permanent compartmentalization of a cell line is
'
desired. A wound model created in a 96-well plate that could be visualized under the light

'

microscope would allow proper quantification of wound closure.
Previous energy modalities used to enhance wound included ultrasound, electrical
stimulation, infrared and ultraviolet light (22). The hypothesis of this study was that blueviolet light would have a positive effect on wound healing. The in vitro environment
allowed us to precisely control several variables to determine whether or not the effects
seen were a result of the QTH light. QTH curing lights come equipped with time
(duration) settings, audible or digital timing, and an internal radiometer. Generally these
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units produce light by heating a metal filament to produce a light intensity (power
density) of300-800 mW/cm2, then use filters to obtain the desired wavelength (23).
'
Exposure 'to curing lights is believed to be safe for most tissues, and this treatment would
I

be accessible at any dental facility. In this study, cells exposed to various light doses
'

(1.25 J/cq~2 , 2.5 J/cm2 , 7.5 J/cm2 and 22.5 J/cm2) responded differently, depending on the
length of ~xposure and the cells' position in the cell cycle. At the light microscopic level,
HGFs

ex~osed to QTH for 1.25 J/cm2, 2.5 J/cm2 and 7.5 J/cm2 had a stimulated response

to the light. Although the entire wound was not visible microscopically, cells exposed to

'

these lower doses, showed increased in-growth into the cell free zone, and increased
I'
rounding 'in preparation for mitotic division, compared to cells that were not exposed to
'

' contrast, cells exposed to longer periods (higher doses) of light, 7.5 J/cm2 and
the light. [n
22.5 J/cm2 had decreased MTT activity. The results indicated that exposure to low levels
of blue light enhanced mitochondrial activity relative to no light controls, but higher
i
doses resJllted in reduced effects on mitochondrial function, production of ROS and
initiationlof some oxidative stress signaling pathway. This is an interesting pattern
because it was assumed that QTH might promote wound healing through some oxidative

I
stress pathway. ROS acts like a double-edged sword: although studies have shown the

I

need for ROS in the cell cycling process, increase or decrease of ROS concentrations
beyond a' certain range can arrest cell growth and cause cell death (24). The range in
which ROS aids cell proliferation displays a bell shaped curve. The greatest SDH
activity l:iere was seen with 2.5 J/cm2 of light exposure. Therefore, mitochondrial activity

'
also followed
a similar bell-shaped curve in response to blue light. However, the results
were not'statistically significant for HGF. Despite this limitation, the light dose at which
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the greatest mitochondrial activity was noted in HGF was utilized for the remainder of
the project.
Two possible explanations could be given for these results with HGF. Although
previous studies have shown minimal effects on heat-shock proteins in response to
minimal curing light exposure, higher levels, such as 22.5 J/cm2 , have not been tested.
I
I

Longer time exposure could result in greater heat production and damage to the cells.
Another explanation, is that HGF cells that were exposed to 22.5 J/cm2 oflight came
from a later passage. Primary cells in vitro do not function as well or adhere properly
with increasing passage. It would have been interesting to determine if a different light
I

dose would have been favorable in NHEKs. NHEK cells were not tested in parallel for
this experiment because previous studies performed by Dr. Lewis had determined a
stimulatory effect. Furthermore, primary keratinocytes are difficult to culture; therefore,
purchased NHEK were saved for later experiments.
Because many of the later data would come from fluorescently labeled antibodies,
various media were tested in an effort to discover one that would not quench the results.
Media contains factors that could have potentially affected the results of the growth
factor array. Another condition that affected the wound was the density of the cells.
Because of the variables these factors introduced into the results, experiment IV was
performed to eliminate these factors. HGF medium contained 90% DMEM and 10% fetal
bovine serum. A major problem with DMEM is that it contains phenol red, amino acids,
vitamins, and glucose. Phenol red is frequently a component in media as a pH indicator
for cell culture. This chemical exhibits a gradual transition from yellow to red color over
a pH range of 6.6 to 8.0 (25). In cell culture, as cells produce waste, die, or are overgrown
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by contaminants, the pH decreases and is apparent by the color change in the media (25).
The phenol red should absorb light, and this could be picked up by the Odyssey Infrared
system (Li-Cor Biocience®). Results of the DRAQS and the growth factor array
experiments could have been affected by the quenching effects of the media. To try to
remove this variable from the project, experiment IV involved substituting phenol redfreeDMJ:\M.
Another substitution that was tested in experiment IV was phosphate buffered
saline (PBS). This is a buffer solution commonly used in biological research. One

formulati~n contains sodium chloride, sodium phosphate, potassium chloride, and
i
potassi~ phosphate

(26). The buffer helps to maintain a constant pH. The osmolarity

and ion concentrations of the solution are adjusted to match those of the human body
(26). PBS has been found to contain salts and buffers. Cells did not tolerate the change to
PBS. Hallam's solution contains glucose and buffer, but again cells proved too sensitive
i

to grow i~ Hallam's.
NHEKs were purchased from Lonza®, and would only grow under the
company's specifications, to include proprietary medium, provided by the manufacturer.
Because the exact contents of the medium were not known, this might introduce false
readings with the arrays and also contain molecules that absorb light. To address this
problem, NHEK medium was replaced with HGF medium. The reverse substitution was
made for the HGF cells.
Unfortunately, these primary cells were very difficult to grow in other than their
preferred medium. Twenty-four hours after being placed into the various media both cell
types died or developed fungal infections. Although the variables introduced by the
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media could not be removed for the remainder of the experiments, medium was
maintained the same for both test and control samples for each cell type. Because the
medium was the same, it might be assumed that any change seen in the test group was a
result oftqe light exposure and not the effects ofthe medium. However, because media
for the cell types were different, results for NHEKs could not be compared directly to
those for HGFs.
'

Experiment IV also tested three cell densities for plating HGF cells. Wells were
I

plated at 20,000cells/ cm2, 40,000 cells/cm2 and 80,000 cells/cm2• Cell growth is
'

dependent! on many factors, and one of those is cell density; too many cells would result
in insufficient nutrients and cell waste. The cells were harvested at 72 hours and their
!
'

mitochondrial activity was tested using an MIT assay. This would have provided greater
I
'

challenge for our experiments. MIT assay results indicated that cells had greater
metabolic 'activity and growth potential when plated at the lower density. Thus, all
remaining; experiments were plated at 40,000 cells/cm2 .
' wounding occurs in vivo, multiple genes are upregulated to help the system
When

heal itself.: Previous studies have shown that ROS activates a wide variety of proteins in
various pathways; for example, PDGF, protein kinases C and B, EGF and mitogen
activating pathways (MAPK) (24). The hypothesis of this project was that exposure to
blue-violet' light would produce small amounts of ROS in the cells and produce a chain of
reactions that would ultimately lead to alterations in growth factor and cell signaling
expression. To test this, a human growth factor antibody array (RayBio #1) was used to
analyze proteins secreted into the medium in which HGF and NHEK test (2.5 J/cm2 of
QTH) and control groups were cultured. Cells were "injured" by removal of the cloning
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cylinder and then treated with a single dose of blue light. Media were collected
immediately after light treatment, 6 h, 24 h, 72 h and 8 days after light exposure.
For many of the growth factors tested, the signal intensities at which the proteins
were expressed by the control and test groups were almost identical. This helped provide
validity to· our methods and confirmed that the changes in certain specific growth factors
were indeed a result of the exposure to light and not processing errors.
The greatest responses were seen in the NHEKs, and occurred mainly at the early
time points. In particular, the 6-hour time point showed significant alterations in gene
expression. Various subtypes of insulin-like growth factor binding proteins (IOFBP) were
tested by the array used. Subtype IOFBP-1, had a 10.58-fold increase in the light treated
cells compared to control. There are 6 subtypes ofiOFBP and they are found throughout
the tissues and fluids of the body. They are secreted by normal and tumor cells and can be
secreted constitutively or as regulated factors (27). They have both !OF-dependent andindependent actions (28,29). IOFBPs have a variety of effects that sometimes are
conflicting. The !OF-independent activities ofiOFBPs include effects on cellular
migration; stimulation or inhibition of proliferation, and pro-apoptotic activity (27).
IOFBP1 is interesting because its activity depends on its phosphorylation status.
Phosphorrlated IOFBP1 inhibits IOF actions, whereas the non-phosphorylated isoform is
stimulatory. IOF- independent actions are growth inhibitory, and in human breast cancer
cells, IOFBP-1 inhibits mitogenic activity. Despite this, it is considered important in
wound healing because IOFBP-1 has been shown to stimulate cell migration by engaging
the a5~1 integrin via its ROD sequence (27, 28, 29). This activity is crucial in epithelial
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resealing over a denuded site, which might describe the process observed in the
experiments.
IGFBP-6 was found to have a 2.2-fold decrease in the NHEK test group relative
to controls at 8 days. Compared to the control, the light-treated group expressed much
lower concentrations, but less than 2-fold difference, of this protein at 6 and 24 h. The
IGFBP-3 also changed at later time points. In contrast to IGFBPl, IGFBP3 is highly
correlated with cancer cells. IGFBP3 was localized to the nucleus of several cultured cell
lines, including epidermal keratinocytes. IGFBP-3, is expressed in cancer cells and
stimulates apoptosis in these cells (27). IGFBP3 stimulated apoptosis signaling but
required TGF~l (29). Because IGFBP-1 was increased, this suggest that the light may
accelerate cell proliferation at earlier time points when compared to controls.
Another growth factor highly expressed in response to light treatment was
amphiregulin (AR). At 6 hours there was a 2-fold increase in AR in NHEK cells relative
to controls. Amphiregulin is a heparin-binding growth factor and shares homology with
the epidermal growth factor proteins. It binds the same receptor as EGF and 1NF-a and is
essential in mitogenic signaling of EGF (26). AR' s biological activity inhibits the growth
of various human carcinoma cell lines in vitro, but it is also a major autocrine growth
factor for keratinocytes. Deregulation of AR can play a role in hyperproliferative
disorders 'such as psoriasis (26). Furthermore, it plays a positive and vital role in human
and animal trophoblast implantation and embryogenesis (30). In response to the injury
produced by the cloning cylinder, NHEK may have secreted AR to trigger proliferation
among them. Since AR increased in light treated NHEKs compared to control, light is
presumed to be the cause of the increase
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The expression pattern ofTGF-~2 by NHEK cells, a slow and steady rise was
seen in the remaining time points tested. TGF -~2 associated with regulating proliferation,
differentiation, embryonic development, angiogenesis, and wound healing. In general,
TGF-~

is a member of a family of dimeric polypeptide growth factor that includes bone

morphogenic proteins and their activins. There are three isofotms ofTGF-~:
TGF-~2,

TGF-~1,

and TGF-~3. Unlike TGF-~1 and TGF-~3, TGF-~2 is expressed in mature and

differentiated epithelium (31 ).
TGF -~2 is involved in cell-cycle regulation and affects cell proliferation. In most
cells, TGF -~ is a potent inhibitor of cell proliferation by arresting the cell in the G I phase
through cyclin-dependent protein kinase inhibitors. TGF ~ functions through
phosphorylation and Smad pathways to enter the nucleus (31 ). In the nucleus, the Smad
'

complex .interacts in a cell-specific manner with various transcription factors to regulate
transcription ofTGF-responsive genes and to mediate effects ofTGF-~. This growth
factor's role in healing involves production and deposition of extracellular matrix. It
stimulates fibroblasts to lay down extracellular matrix and also decreases the production
of collag~nases. Interestingly enough, there is an increased production of TGF -~ in
cancer cells, which increases the invasiveness of the cells by promoting their binding to
cell adhesion molecules (31 ). In addition, "the apoptotic effect and inhibition of cell
prolifera#on make TGF-~ an important fulcruin in the balance between healing and
malignant transformation. This is an important concept since both cell signaling and
malignant transformation can be regulated ROS, which is hypothesized to be the
mechanism by which QTH light affects the cell.
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TGF-n was another cytokine that showed a decrease at the six hour time point
after QTH therapy on NHEKs. This protein is secreted by keratinocytes, macrophages,
hepatocytes, and platelets in the presence of infection or increases in estrogen. It is
inhibited by TGF-~ in vivo. In contrast, TGF-n secretion is stimulated with coexpressi~n

of granulocyte-macrophage colony stimulating factor( GM-CSF) (32). The

TGF -n receptor is identical to the EGF receptor; therefore, its biologic activity resembles
thatofEGF (26, 32).1ts physiologic role during development involves epidermal and
hepatocyte development, and differentiation. TGF -n stimulates the proliferation of
cultured endothelial cells and is more potent in angiogenesis than EGF (26). It also
affects b</ne formation and remodeling by inhibiting the synthesis of collagen and release
of calcium (26).
Placental growth factor (PIGF) had a very interesting trajectory. It increased
relative to control in the NHEK cells by 3.29-fold 6 hours after 2.5 J/cm2 QTH generated
light. The growth factor decreased at 72 hours by 3.05-fold and then increased by 2-fold
at day 8. PIGF is part of the VEGF family and like VEGF has a few isoforms. It is not
known what exact differences exist between the isoforms, but it is known that PIGF-2, as

'
opposed to PIGF-1 and PIGF-3, has greater biologic activity (33). As its name implies,
PIGF is abundantly found in the placenta. It is also highly expressed by many squamous
cell carcinomas (33). In vitro studies suggest PIGF functions by directly influencing
endothelial cell proliferation; however, it does not significantly induce migration in cells
(33). Although VEGF and PIGF belong to the same family, they are expressed under
opposite conditions. For example, hypoxia upregulates VEGF, but decreases PIGF. In
contrast, high oxygen tension increases the expression ofPIGF (33). When looking at
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secretion ofPIGF in NHEK cells through the entire time course one sees that
concentration of this peptide went up, down and then back up again in the test group. The
control had a similar pattern but in the reverse. It would be interesting to have followed
the time course out longer and see if this pattern continues. If it does, and if one considers
the function ofPIGF to be, proliferation in vitro, this would suggest that the cells undergo
states of proliferation followed by no division and then again proliferation. The fact that
PIGF was increased compared to control suggest that QTH-generated light activated the
release ofPIGF and cell division earlier than in cells not treated with the light.
Neurotropins regulate neuronal survival. NT-3 and NT-4 are considered
neurotrophins. At 24 hours after light exposure, there was also a decrease in NT-3. The
neurotrophin family consists of four members- nerve growth factor (NGF), neurotrophin3, neurotrophin-4, and brain derived neurotrophic factor (34). NT-3 and NT-4 both play
important roles in the development and maintenance of the nervous system. They

.
stimulate neurogenesis by activating tyrosine kinase neurotrophic receptors (TrkC and
TrkB). NT-3 and NT-4 are associated with the regulation of monoamine
neurotransmitters such as serotonin (35). Causes for decrease of these growth factors,
compared to controls, are not known.
One family of growth factors tested by the growth factor array was the FGF
family. At the initiation of the project, FGF was predicted to increase in response to QTH
exposure. The human growth factor array utilized in experiment IV allowed for testing of
several FGF family members. As mentioned previously, two forms ofFGF were
originally identified. These include acidic FGF, or FGFI and basic FGF, or FGF2. There
are a total of23 family members in the FGF family. Two of these, FGF-6 and FGF-7,
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decreased by more than 2-fold during these experiments. FGF-7 decreased in the NHEK
cells at 24-h and FGF-6 decreased in the NHEK cells at 72 h. FGF-6 has been identified
as an oncogene (36). FGF-7 is a growth factor for keratinocytes (36). Most FGF
members initiate a response by binding to a tyrosine kinase FGF receptor and initiating
intracellular signaling mechanisms (37). Upon injury, FGF-7 is strongly upregulated in
mesenchymal cells (38). The growth factors are associated with chemotactic and
mitogenic activity, and both NHEK and HGF cells respond to FGF family members (2).
NHEK continued to respond in terms of cytokine secretion and SDH activity, compared
to the HGFs, despite the decrease in FGFs; this suggests that perhaps there are more ways
NHEK cells can be regulated to migrate than HGF cells. As it is seen in vivo, epithelium
matures faster than connective tissue after injury; epithelium had greater metabolic and
cytokine secretion than HGFs despite the decrease in FGFs. Perhaps NHEKs affect the
activity ofHGF cells by down- regulating FGFs. It understandable that these cells, after
injury, would initiate events that would help close off the connective tissue below as soon
as possible~ Finally, there is the possibility that the media in which NHEK cells were
cultured contained regulatory peptides that helped the NHEK cells, despite the downregulation of FGF family members.
Experiment six tested whether the observed wound healing was occurring
through migration or proliferation of cells, by using the DNA probe DRAQS. Results
from this experiment seem to indicate that the response is dependent on the cell type.
DRAQS was quantified in the wound region, as well as at the periphery, and these values
were compared to each other as well as the untreated cells. A higher value in the wound
area would:suggest that the cell-free zone was decreasing, mainly by mitogenic activity.

101

HGF cells, had significantly higher values of the DNA probe within the wound compared
to the periphery, for all time points except immediately after blue light treatment. In
contrast, DRAQS staining did not indicate an increase in DNA in the wounds ofNHEK
cells (Figure 15 (b)). Correlating this data with that found in experiment five using the
arrays, suggests that NHEK wound sites are closed initially by migration, then by
proliferation (Figure 10 (a)). Most growth factors, upregulated in these cells, inhibit the
cell cycle but increase cell migration. This suggests that QTH-generated light modulates
NHEK and HGF repopulation in different ways into a wound site differently. HGF
mainly proliferated into these wound sites, a process that may take longer than migration.
If this is the case, it would explain why there was not a lot of activity seen in these cells
for the early time points for this cell line. Furthermore, if one looks at the diameter
decrease i~ the wound with HGF cells, one really cannot appreciate differences until after
the 72 h time point (Figure 8 (e)-8 (f)). One can also appreciate greater cell rounding,
suggesting, mitosis, at the 8 day time point (Figure 7). QTH -generated light quickly
0

affected NHEK cells. After only 2.5 J/cm2 of blue light one time, there were changes seen
as early as six hours in the growth factor arrays. As mentioned earlier, these proteins are
mainly associated with cell migration. QTH light may affect NHEK cell repopulation
mainly through migration, although some growth factors were upregulated to begin cell
proliferatiQn earlier than controls.

102

CONCLUSIONS

These res1dts show that gingival fibroblasts (HGF) did not respond to blue light in any of

'
the parameters tested. However, keratinocytes (NHEK) responded robustly to a single,
small dose of visible light with increased mitochondrial activity, DNA synthesis, and
modulation of several important growth factors. Together, these data suggest that blue
light may be useful to enhance epithelial cell growth, and therefore may play a role in the
rate in which wounds heal.
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APPENDIX A: EXPERIMENTAL DATA

Medium ~reparation Protocol

'
Prior to initiating
the experiments, medium was prepared by Ms. Petra Lockwood using
90% glutamine-free DMEM and 10% FBS. Penicillin and streptomycin (10,000 units
Penn!M1 and 10,000 micrograms Strep/M1) were added to the medium. Hank's Balanced
Salt Solution (HBSS) wash was phenol red free, Ca2+ and Mg2+ free. Sodium bicarbonate
(0.35 g) was added to 500 ml ofHBSS. The trypsin solution was prepared by dilution of
10 ml of 0.5% stock solution trypsin into 90 ml of Phosphate Buffered Saline (PBS).

Sodium P1Iosphate Buffer (0.1 M)
Dibasic solution was made with Na2HP04 (56.8 g) mixed into 2000 ml of tissue culture
water. When dissolved, it was poured into a graduated cylinder. Next, the mixture was
poured into a graduated cylinder with 400 ml of tissue culture water.
Monobasiq solution was made with 9 g ofNa2HP04 mixed in 400 mls of tissue culture
water. Whim dissolved, it was poured into a graduated cylinder with an additional 700
rnls of tiss~e culture water. Monobasic was added to dibasic slowly until pH was adjusted
to 7.4. PBS was labeled and stored in cold room.
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Tris EDTA Buffer (lOOx TE)
Tris (484.4 g) was added to 4000 ml of tissue culture water. HCI was added until pH was
7.4. The solution was poured into sterile jar, autoclaved and stored in cold room.

Medium Preparation for NHEK cells
NHEK cells were cultured in keratinocyte media consisting of supplements and basal
medium. Bovine pituitary extract (BPE) (2 ml) were added to calcium containing
medium, both provided by Lonza ®. Under sterile conditions, BPE vials were rinsed with
'

medium and content was pipette into 500 ml bottle. It was not possible to recover the
entire volume listed for the cryovial. Small losses, even up to I 0%, did not affect the cell
growth characteristics of the supplement medium. All media was stored at 4°C until it
'

was ready to'be used.
Human Cytokine Array Buffer and Antibody Solution Preparation Protocol
The human cytokine antibody array wash buffers I and II (20 mL) (RayBio®) were
diluted into 380 mL of sterile water. Odyssey blocking buffer (50 mL) was mixed with 20
~I

of20% Tween-20. Conjugate antibody was prepared by mixing 50

~I

conjugate

antibody (RayBio®) to 12.0 ml of blocking buffer I (RayBio®). Alexa-fluor antibody
conjugate solution was obtained by mixing 4 ~I Streptavidin, 1 ml of alexa-fluor and 2 m1
of Odyssey blocking solution.
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