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Abstract

Objective—In this study we modeled repetitive motion strain (RMS) and myofascial release (MFR)
in vitro to investigate possible cellular and molecular mechanisms to potentially explain the
immediate clinical outcomes associated with RMS and MFR.

Method—Cultured human fibroblasts were strained with 8 hours RMS, 60 seconds MFR and
combined treatment; RMS+MFR. Fibroblasts were immediately sampled upon cessation of strain
and evaluated for cell morphology, cytokine secretions, proliferation, apoptosis, and potential
changes to intracellular signaling molecules.

Results—RMS induced fibroblast elongation of lameopodia, cellular decentralization, reduction
of cell to cell contact and significant decreases in cell area to perimeter ratios compared to all other
experimental groups (p<0.0001). Cellular proliferation indicated no change among any treatment
group; however RMS resulted in a significant increase in apoptosis rate (p<0.05) along with increases
in death-associated protein kinase (DAPK) and focal adhesion kinase (FAK) phosphorylation by
74% and 58% respectively, when compared to control. These responses were not observed in the
MEFR and RMS+MFR group. Of the twenty cytokines measured there was a significant increase in
GRO secretion in the RMS+MFR group when compared to control and MFR alone.

Conclusion—Our modeled injury (RMS) appropriately displayed enhanced apoptosis activity and
loss of intercellular integrity that is consistent with pro-apoptotic DAPK2 and FAK signaling.
Treatment with MFR following RMS resulted in normalization in apoptotic rate and cell morphology
both consistent with changes observed in DAPK?2. These in vitro studies build upon the cellular
evidence base needed to fully explain clinical efficacy of manual manipulative therapies.
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INTRODUCTION

Myofascial release (MFR) is a widely employed direct manual medicine treatment which
utilizes specifically guided mechanical forces to manipulate and reduce myofascial restrictions
of various somatic dysfunctions. MFR when used in conjunction with conventional treatment,
is effective to provide immediate relief of pain and to reduce tissue tenderness (Hou et al
2002; Fernandez de las Penas et al 2005). Additional post-treatment clinical outcomes include
attenuation of edema and inflammation, reduction of analgesic use, improved muscle recovery
post trauma and increased range of motion in affected joints (Sucher 1993; Andersson et al
1999; Sucher et al 2005). Despite these reports for clinical efficacy, no cellular or molecular
mechanisms conclusively have been shown to be responsible.

We previously reported that, in vitro, fibroblasts respond to repetitive mechanical strain with
a delayed inflammatory response, upregulated nitric oxide secretions and increased cell
proliferation (Dodd et al 2006; Eagan et al 2007; Meltzer and Standley 2007). This response
was not observed in counterstrain treated fibroblasts. Importantly, RMS-induced inflammatory
responses were attenuated by counterstrain (Meltzer and Standley 2007). Therefore, we focus
here on the ability of fibroblasts to serve as a mechanotransducer by which they respond
acutely to modeled repetitive motion strain (RMS) and modeled MFR. Specifically we will
model repetitive motion strain and MFR in vitro by using human fibroblast tissue constructs
and videomorphometric and palpometric data we have reported previously (Meltzer et al
2007). Similar to what we reported for counterstrain (Meltzer and Standley 2007), here we
hypothesize that human fibroblasts secrete inflammatory mediators in response to RMS, and
that modeled MFR reduces such secretions. Further, we hypothesize that RMS acutely induces
fibroplasias (increased fibroblast hyperplasia and hypertrophy), while MFR acutely reverses
this effects. Importantly since clinical reports suggest that immediate pain relief is attained
post-MFR (Hou et al 2002; Fernandez de las Penas et al 2005), we will test the immediate
effects of RMS and MFR strain paradigms on fibroblast cytokine secretion, morphology,
proliferation and hypertrophy. This study will build upon cellular and molecular evidence to
explain mechanisms underlying the immediate clinical outcomes associated with RMS and
MFR.

Clinical Relevance of study

Under normal conditions the fascia moves with fluidity and is unrestricted to provide stability
and structural support. However, the functional roles of the fascia may become impaired as a
result of repetitive motion injury, physical trauma and inflammation. Traumatized fascia
disrupts normal biomechanics of the body, increasing tension exerted on the system and causing
myofascial pain and reduced range of motion. Myofascial release (MFR) is clinically effective
to provide immediate pain relief and to improve physiologic functions that have been altered
by somatic dysfunctions. Despite clinical efficacies, our understanding of the underlying
mechanisms responsible is minimal. Here, we investigated the molecular and cellular effects
of modeled repetitive motion strain (RMS) and MFR on human fibroblast constructs in vitro.
Fibroblasts treated with modeled RMS responded with morphological changes as measured
by cellular actin staining, reduction in area and perimeter ratios and increased focal adhesion
kinase activity. Fibroblasts also displayed enhanced cellular apoptosis (programmed cell
death), likely mediated by death-associated protein kinase. Fibroblasts strained by RMS
followed by MFR displayed attenuation in these responses. Modification of these cellular
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properties may predispose to myofascial restrictions and tension and alleviation of symptoms
with MFR noted in vivo. While clinical MFR directs force to fascial fibroblasts, indirect strains
applied to nerves, blood vessels, lymphatic system, and muscles were not considered in this
model. Despite the limitations of this in vitro modeling, these and other data from our laboratory
suggest that fibroblasts, the primary cell type of the fascia, adapt specifically to mechanical
loading in manners dependant upon strain magnitude, duration and frequency. This cellular
strain model may prove useful to further investigate mechanisms and to build a cellular
evidence base describing the positive outcomes of applied manual treatments in the clinical
setting.

Description of Clinical MFR Methodology

Several challenges exist in order to effectively model MFR in vitro including accurately
modeling strain directions, durations, frequencies and magnitudes. In an attempt to improve
our modeling techniques, we have analyzed digital video data of several osteopathic manual
treatments (OMTs) performed by osteopathic clinicians. Figure 1 shows two still frames of a
video segment illustrating the procedure used to analyze MFR strain direction, frequencies and
durations. Figure 1A shows the neutral, pretreatment positioning of the patient and clinician’s
hands prior to MFR. A clear Plexiglas sheet was immobilized approximately 24 inches above
the patient in a manner that did not interfere with MFR. On the sheet were placed a series of
three black dots, representing the neutral position and two arrows representing the strain
direction in which the treatment will be applied. On the patient, a series of three red dots were
applied to indicate the change in position of the skin, relative to neutral pre-strain, when strain
is applied. In this pretreatment frame, the dark and light dots are superimposed upon one
another. In Figure 1B, the direct MFR is applied (in a manner with sufficient force to engage
the deep fascia as determined by clinician palpation) as shown by displacement of the two
series of dots. The displacement indicates superior, lateral, and clockwise strains imparted to
the fascia and underlying muscle. Data from these frames and several additional MFR sessions
were captured digitally (Scion Image software suite) to analyze the superior and lateral strain
(by measuring the inter-dot distances in the superior/inferior and lateral/medial fields) and the
clockwise rotational strain (i.e., torque; by measuring angle of deviation from the pre-treatment
parallel relationship of the two series of dots).” From these data, we utilized the following to
generate our in vitro strain profile: time to load, duration of static strain, and time to unload.
Strain magnitude used in the current study was equivalent to those studied in published reports.
Strain direction, although equiradial in the current study, often includes heterobiaxial, uniaxial
and shear in clinical settings.

METHODS AND MATERIAL

Human Fibroblast Cultures

Normal human dermal fibroblasts (NHDF) from Cambrex Laboratories (East Rutherford, New
Jersey) were used for all experiments. Cells were cultured in Fibroblast Basal Medium (FBM;
Cambrex Laboratories) at 37°C, 5% CO ,, and 100% humidity. FBM was changed every other
day and NHDF were passed at confluence (usually 7 to 14 days). Experiments utilized passage
numbers 2 through 6.

In Vitro Strain Apparatus

The Flexercell FX-4000 Tension Plus System (Flexcell International Corp, Hillsborough, NC)
is a computer-based system, which utilizes vacuum to strain cells adhered to flexible collagen-
coated membranes arranged in a 6-well per plate format. The deformation of the collagen
causes the attached fibroblasts to also deform. Strain profiles are created by programming the
magnitude, duration, direction and frequency of the negative pressure to create the desired
profile. We have reported utilizing this apparatus to effectively model aortic pressure
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waveforms (Standley et al 1999; Standley et al 2001), injury (Meltzer and Standley 2007), and
counterstrain (Eagan et al 2007; Meltzer and Standley 2007).

Strain Profiles

NHDF were seeded (120,000 cells / well) onto collagen I-coated Bioflex plates, six wells per
treatment group. Once cells were approximately 50-60% confluent (approximately 24 hrs post
seeding), FBM was replaced with a reduced-serum medium (0.2% FBS) to induce quiescence.
After 24 hours, cells were subjected to mechanical strain profiles. Strain profiles were designed
to simulate a repetitive motion injury (eight hours of RMS; Fig 2A) and a simulated myofascial
release (60 seconds of MFR; Fig 2B) based upon videomorphometric analysis of clinical MFR
treatments (Meltzer et al 2007). The following four strain regimens were tested:

1. Control: cells were not subjected to any strain protocol for the duration of the
experiments.

2. RMS (Repetitive Motion Strain): cells were subjected to the RMS profile (Fig 2A)
for 8 hours, and then sampled immediately upon cessation of RMS.

3. MFR (Myofascial Release): cells were subjected to the MFR profile (Fig 2B) for 60
seconds, and then sampled immediately upon cessation of MFR.

4. RMS+MFR: cells were subjected to the 8 hours RMS protocol followed three hours
later by the 60 second MFR protocol and then sampled immediately after cessation
of MFR.

Photomicrographs

Fibroblast tissue constructs were analyzed microscopically for potential differences in cell
morphology including lamellopodia elongation and/or truncation, cell membrane blebbing and
removal from the collagen matrix. NHDF were also immunohistochemically stained with
rhodamine-tagged phalloiden and subsequently observed for potential actin microfilament
reorganization. Photomicrographs of each treatment group were also analyzed for cell counts
per high powered field (HPF), cell area and cell perimeter using Image J 1.40g (National
Institute of Health, USA; http://rsb.info.nih.gov/ij/) and Prism 4.03 (GraphPad Software, Inc.,
San Diego, California).

Cell Viability and Growth Measurements

Cell viability was confirmed and proliferation was measured using the CellTiter 96® Aqueous
One Solution cell proliferation assay (Promega Corp.; Madison, WI).

Apoptosis Measurements

Apoptosis was measured using sSDNA Apoptosis ELISA kit (Chemicon International,
Billerica, MA) in which formamide is used to denature cellular DNA with subsequent
assessment of chromatin changes specific to apoptotic (and not necrotic) cells. The detection
of denatured DNA was accomplished by using a monoclonal antibody to single-stranded DNA.

Intracellular Signaling Measurements

Potential changes in intracellular signaling molecules were assessed pair-wise for selected
treatment groups. Each treatment group was composed of one to two pooled 6-well plates. Cell
lysates were obtained by treatment with ice-cold lysis buffer (5 ml lysis buffer, 15 pl pepstatin
A, Img/ml DMSO, 25 mg of a protease inhibitor cocktail (Roche Molecular Biochemicals,
Indianapolis, IN) and 0.77 mg DTT). Lysates were centrifuged at 15,000 rpm at 4° C for 30
minutes and the supernatant was aspirated and collected and frozen at —80° C. Samples were
then sent on dry ice for microarray processing (Kinexus Bioinformatics Corporation,
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Vancouver, B.C. Canada). Expression levels and phosphorylation states of cell signaling
proteins were assessed in duplicate.

Cytokine Secretion Measurements

Cytokine secretion was measured by testing the conditioned media on a quantifiable cytokine
microarray (RayBiotech, Inc., Norcross, GA). Briefly, glass slides impregnated with antibodies
of 20 cytokines in 16 replicate microarrays were incubated with blocking buffer, a 6-sample
standard curve cytokine cocktail and conditioned media samples obtained from the four strain
groups described above. Slides were then incubated with a detection antibody cocktail (Alexa
Fluor 555-conjugated streptavidin) and the signal was detected with an Agilent Scanner
G2505B. Data were extracted from the image via GenePix Pro 4.0 (Molecular Devices,
Sunnyvale, CA), and then further analyzed with Q-Analyzer v3.5 (RayBiotech, Inc., Norcross,
GA;). All data were corrected for volume and cell number before statistical analyses.

Statistical Analysis

Results

Two to four experiments (with two to four replicates each) were completed to obtain the
proliferation, cell count, protein, DNA, apoptosis and cytokine data presented. NHDF area and
perimeter measurements were derived from 42-48 random cells per experimental group.
Intracellular protein measurements were derived from 6-12 pooled replicate wells and each
array was completed in duplicate. Cytokine results were then evaluated by Grubbs’ Test to
determine significant outliers from data set and further analyzed by a two-way ANOVA
Bonferroni post-test. Additionally, all data were analyzed with a one-way ANOVA with post
hoc Tukey’s Multiple Comparison tests using Microsoft Excel (Microsoft Corporation) and
Prism 4.03 (GraphPad Software, Inc., San Diego, California). Group means were considered
significantly different if p<0.05.

RMS-induced morphologic changes appear mediated when followed three hours later by

MFR

Eight hours of RMS caused elongate lamellopodia, cellular decentralization, larger
intercellular distances and reduced cell-cell contact area when compared to all other groups
(Fig 3). Sixty seconds of MFR did not appear to cause these morphologic changes. When RMS
is followed three hours later by MFR, the degree of lamellopodia presence / elongation and
cytoplasmic condensation was reduced while intercellular distances and cell-cell contact area
were mostly restored.

RMS causes NHDF area and perimeter changes

NHDF from all three strain groups displayed significantly decreased cellular area when
compared to control cells (one-way ANOVA p<0.0001; Tukey post-hoc; Fig 4, top). RMS
caused a significant increase in cell perimeter compared to all other treatment groups (one-way
ANOVA p<0.0001; Tukey post-hoc; Fig 3, middle), while MFR resulted in significantly
reduced cell perimeters vs. control and RMS groups only. NHDF from the control group
displayed significantly greater area to perimeter ratios than any other group, NHDF from the
RMS group displayed significantly reduced area to perimeter ratios vs. any other group (One-
way ANOVA p<0.0001; Tukey post-hoc; Fig 4, bottom).

Fibroblast proliferation does not appear to be strain regulated

Cellular proliferation — as measured by cells per high powered field, the calorimetric
proliferation assay, and DNA content — did not differ significantly among any of the four
treatment groups (Figs 5 and 6). Differences in protein concentration among RMS, MFR or
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RMS+MFR were found to be insignificant. A ratio of protein to DNA (as a proxy of cell
hypertrophy) also showed no significant differences among any treatment groups (Fig 6d).

RMS causes apoptosis in fibroblasts

Eight hours of RMS caused a significant increase in apoptosis compared to control, MFR and
RMS+MFR (One-way ANVOA p<0.05; Tukey post-hoc; Fig 7). There were no significant
differences in apoptosis rates among control, MFR and RMS+MFR groups.

Intracellular Signaling Protein Results Suggest Support for Morphologic and Apoptotic

Changes

Over six hundred intracellular signaling proteins were identified and compared by microarrays
among the four treatment groups. While many displayed significant differences among the
strain groups (data not shown for brevity), we focused our analyses on those that might suggest
potential mediators of the observed cell morphology and apoptosis differences (Table 1). Our
intracellular signaling results in the RMS treatment group showed that tyrosine 576
phosphorylated focal adhesion kinase (FAKY379) is upregulated by 58% when compared to
control nonstrained NHDF. We also observed a 55% upregulation of phosphorylated peptide
in the RMS+MFR group compared to RMS alone while there was only a 23% increase in the
MEFR group compared to control (averaged data from duplicate microarray spot analyses of
6-12 pooled lysate samples each). Death associated protein kinase 2 (DAPK-2), a signaling
protein that mediates apoptosis, is upregulated by 74% in the RMS group compared to control.
The other two comparisons (MFR vs. Control and RMS vs. RMS+MFR) revealed
downregulation in this pro-apoptotic peptide of 12% and 10%, respectively. Serine 133
phosphorylated cyclic AMP response element binding protein (CREBS!33) causes an
upregulation in transcription of numerous genes (Shaywitz and Greenberg 1999). NHDF
subjected to RMS displayed a 159% increase in this phosphorylated peptide when compared
to control. NHDF strained with the MFR protocol displayed an increase of only 21% compared
to control, and those treated with RMS+MFR displayed only a 6% upregulation compared to
the RMS group.

Analysis of cytokine secretion

NHDF secretions of twenty human cytokines were assessed immediately after cessation of the
four strain treatments (Table 2). Of the 20 cytokines measured, IL-6, IL-8, and VEGF were
secreted from NHDF in concentrations in excess of 100 pg/mL and GRO and MCP-1 secretion
was greater than 1000 pg/mL as measured in conditioned media. All other cytokines were
measured to be minimal immediately after cessation of strain. There was a significant increase
in GRO secretion in the RMS+MFR group when compared to control and MFR group. All
other cytokine secretions measured were found to be non significant among the four treatment
groups.

DISCUSSION

To our knowledge, this is the first study to model MFR in an in vitro human fibroblast culture.
While reports have shown various repetitive strain-induced changes in fibroblast proliferation,
growth factor secretions and cellular alignment, ours is the first to show that several
morphological changes in fibroblasts seen post repetitive strain are reversed if followed by
modeled MFR. The lack of RMS-induced proliferation seen in this study may be masked by
DAPK-2 associated apoptosis, an effect not seen in MFR or RMS+MFR groups. While we
observed no differences among a number of secreted inflammatory and growth promoting
mediators with the strain paradigms tested, we can not rule out up- or downregulation of their
receptors, intracellular effectors or expression / secretion differences in non-measured
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mediators. This in vitro strain model may be useful to further explore key cellular mechanisms
that may underlie positive outcome of clinical MFR.

Fascia is a tough connective tissue that contains elastic fibers and its elasticity contributes to
its passive resistance to tensile forces. Under normal conditions the fascia tends to be fluid and
move with minimal restrictions. However, injuries resulting from physical trauma, repetitive
motion strain and inflammation can decrease fascia tissue length and elasticity resulting in
fascial restriction. Physical strain has also been shown to influence the density of fibroblasts,
connective tissue proteins such as collagen and fascial myofibroblasts which may be capable
of active fascial contraction (Schleip et al 2006). Injuries, such as repetitive motion strain,
result in abnormal changes to tissue texture affecting passive and active resistance to motion
which in turn leads to compromised joint articulation, discomfort, pain and reduced range of
motion. Improvement in these sign and symptoms are often seen post MFR treatment (Sucher
1993; Andersson et al 1999; Hou et al 2002; Fernandez de las Penas et al 2005; Sucher et al
2005).

In our in vitro RMS model, NHDF tissue constructs displayed fibrotic looking cells with
elongate actin-containing lamellopodia and general decentralization which are apparent in the
enclosed photomicrograph. Significant decreases in area to perimeter ratio confirmed that
substantial morphologic changes occurred in the RMS group that is indicative of cell
elongation, increased intercellular distances and decrease cell-cell attachment area. If similar
tissue changes occur in vivo in response to RMS, these findings may be characteristics of
abnormal tissue texture change which, in turn, may attribute to fascia restriction.

We have previously reported that acyclic strain causes morphological changes in fibroblasts
(Dodd et al 2006; Eagan et al 2007) while others have found cyclic strain-induced reorientation
of fibroblasts (Jungbauer et al 2008; Wen et al 2009). Studies of fibroblast morphologic changes
due to cyclic strain are scarce. However, in other cell types, cyclic stretching induced
morphologic changes of HUVEC cells from a normal polygonal shape to elongated spindle-
like shapes (Naruse et al 1998) and cyclic stretching of vascular smooth muscle cells have been
shown to cause a variety of phenotypic changes including causing cell elongation (Riha et al
2005). To our knowledge this is the first study to investigate fibroblast morphology changes
that may be consistent with fascial restrictions evident after repetitive motion injuries.

In addition to observing morphological changes we investigated several intracellular proteins
that may be involved in the morphologic responses seen in the RMS group. We report
upregulation of Focal Adhesion Kinase (FAK) phosphorylation at Tyrosine 576 by 58% in the
RMS group compared to the control group. Focal Adhesion Kinase (FAK) is an important
mediator of actin-extracellular matrix interaction and cell motility (Calalb et al 1995;
Schlaepfer et al 2004) and the phosphorylation of FAK at Tyrosine 576 maximizes FAK
activation (Calalb et al 1995). Changes in physical morphology require modifications of cell
extracellular matrix interactions and our result of increased FAK activity is consistent with our
observed morphology changes allowing structural stabilization during actin-cytoskeleton
remodeling. In a related study, cyclic strain has been found to increase FAK tyrosine
phosphorylation from minutes to hours and decrease in time frames greater than 24 hours
(Naruse et al 1998; Molina et al 2001; Wang et al 2001). We observe similar results and report
immediate response changes in FAK tyrosine phosphorylation immediately upon cessation of
an 8hr cyclic strain.

Another intracellular protein that was accessed was death associated protein kinase (DAPK).
DAPK has been found to pre-apoptotically stabilize stress fibers, but not maintain focal
adhesions in quiescent murine embryonic fibroblasts (Kuo et al 2003). DAPK also triggers
uncoupling of the formation of stress fibers and focal adhesions, possibly predisposing cell to
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apoptosis which is found to occur after this uncoupling effect (Kuo et al 2003). Specifically,
DAPK-2 is involved in apoptotic signaling (Kawai et al 1999), and its regulation influences
overall fibroblast growth rates and, consequently, fibroplasia and alterations in tissue texture.
Compared to control, RMS strained cells had a significant 21% increase in apoptosis
concomitant with an upregulation of DAPK2 by 74%. Cyclic strain has been found to cause
increases in apoptosis in mesenchymal stem cells (Kearney et al 2008), vascular endothelial
cells (Kou et al 2009), and periodontal ligament cells (Zhong et al 2008). Fibroblasts apoptosis
in response to cyclic strain has been mixed with increases seen from minutes (Skutek et al
2003) to days (Barkhausen et al 2003), decreases (Danciu et al 2004) and no change (Persoon-
Rothert et al 2002; Nishimura et al 2007). Thus, the rate of apoptosis appears to be highly
dependant on sampling time. Barkhausen et al (Barkhausen et al 2003) found an upregulation
of apoptosis after one day, consistent with our findings, however, after two days apoptosis
decreased. Apoptotic response to strain may change over time as the cells adapt to modified
environments as induced, for example, by additional injurious strains or by manually directed
strain maneuvers such as MFR.

Furthermore, we also observed a 159% increase in CREB phosphorylation at Serine 133 in the
RMS test group. CREB phosphorylation at serine 133 is essential for CREB-mediated
transcription and studies have shown its involvement in key cellular processes that include
proliferation, differentiation and adaptive response (Shaywitz and Greenberg 1999).
Upregulation in gene transcription may be associated with apoptotic, morphologic genes or
cell surface receptor protein increasing NHDF sensitivity to select cytokine and growth factors.
For example, studies have shown that fibroblasts cyclically strained resulted in an increase in
cell proliferation (Webb et al 2006; Eagan et al 2007) but here we report that there were no
significant changes in cell proliferation among the test groups. Cell proliferation was accessed
by cell count per high powered field and confirmed be quantifying dsDNA. In addition, we
have also shown that RMS treated cells resulted in an increase in apoptotic signaling.
Significant increases in apoptosis should result in a decrease in total cell number however, this
was not the case. Together, these data suggest that proliferation may have increased but the
increase in apoptosis may have masked the proliferation rate resulting in no net gains. These
data suggest that RMS in our NHDF tissue constructs bears many resemblances to injurious
strain profiles noted in vivo.

In clinical application, manual manipulative therapy is effective in immediate response changes
in tissue texture and pain threshold with patients diagnosed with mechanical neck pain
(Fernandez de las Penas et al 2005). In a related report, MFR -- when used with other treatment
modalities -- showed immediate reduction in pain and improved range of motion in patients
with cervical myofascial dysfunction (Hou et al 2002). Our in vitro RMS+MFR model
incorporated a three hour delay in between treatment to reflect the delay associated with patient
seeking treatment at times after initially sustaining an injury. Although this delay may
contribute to cell recovery after RMS, clinically this delay might be insignificant. In vitro
analysis of the NHDF immediate proliferative response to a modeled MFR after injury showed
a significant reduction in cellular apoptosis accompanied with a 10% decrease in DAPK-2
activation. To maintain non-fluctuation in cell numbers, as we did not observe changes in net
cell proliferation in comparison to other treatment groups, the decrease in apoptosis may be
correlated with a reduction in proliferation rate, as opposed to RMS.

Morphological changes induced by RMS were not observed in the RMS+MFR group. These
data are complemented by results indicating significant increases in area to perimeter ratio in
RMS+MFR when compared to RMS alone. It is interesting to speculate that the change in
morphology and increase in area to perimeter ratio could be a reflection of tissue texture
changes and increase elasticity of the myofascial layer resulting in improved range of motion
seen in clinical applications.
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In this study we broadened the search of cytokines that may be involved in immediately post
treatment changes. Of the twenty cytokines measured we only observed a significant increase
in GRO secretion in the RMS+MFR group when compared to control and MFR. GRO has been
classified as a neutrolphil chemotractant and although studies have shown that GRO is
unresponsive to induce proliferation in fibroblasts there is evidence to support its effect on
regulating fibroblast collagen expression (Unemori et al 1993). This suggests that GRO may
play a potential role in fibroblast actin-extracellular matrix remodeling as observed here in this
study. All other cytokines secretion investigated were found to be non significant, however,
we did observe an increasing trend in IL-1a in the RMS group compared to control which is
consistent with our previous report (Meltzer and Standley 2007). Interestingly, RMS induced
IL-1a expression was attenuated with the addition of MFR following RMS. The morphologic
and apoptotic changes observed here appears to be independent of the cytokines we examined.
However, the possibility of mechanical strain altering NHDF sensitivity to select cytokines
through upregulating surface cell protein receptors is plausible. A 24hr post treatment
investigation of cytokines is out of the scope of this study; however it may elucidate delayed
cytokines secretion in response to the stimuli. Future studies will examine delayed secretion
of cytokines and the immediate mediators of the morphologic and apoptotic changes observed
in this study. Clinically, temporal delays from hours to days in cytokine induction,
inflammatory processes, and pain after a repetitive motion strain type injury or a soft tissue
trauma are well documented (Smith et al 2000; MacIntyre et al 2001; Hildebrand et al 2005).
However, in this study we focused only on potential mediators of cellular changes that take
place immediately post treatments.
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Figures 1.

AB. Still images captured from video clips of a clinical MFR treatment. (A) Clinician’s hands
and patient’s back before treatment, and (B) the same placements during a 90 second MFR.
Note the simultaneous superior, lateral and clockwise strain directions.
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Figure 2.
Strain paradigm specifics for repetitive motion strain (RMS; A), and a complete 60 second
cycle of modeled myofascial release (MFR; B).
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Control

RMS+MFR

Figure 3.

Representative photomicrographs of human fibroblast construct morphology, growth patterns
and actin architecture of the four treatment groups: Control, repetitive motion strain (RMS),
myofascial release (MFR), and RMS+MFR.
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Figure 4.
Cell area (top), perimeter (middle) and area:perimeter (bottom) assessed from

photomicrographs via digital image capturing. Different letters denote significant relationships
among groups (one-way ANOVA with post hoc Tukey Multiple Comparisons Test; p<0.05;
N=42 to 48 cells analyzed per treatment group.
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Figure 5.

Proliferation indicies, as measured calorimetrically with the CellTiter 96® Aqueous One
Solution cell proliferation assay, of the treatment groups as a percent of non-strain control;
N=3-4 (p>0.05).
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Figure 7.

Apoptosis indices of treatment groups as a percent of positive control. Significance determined
via one-way ANOVA with post hoc Tukey Multiple Comparisons Test; p<0.05; N=2; *=
significantly different from all other groups.
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Table 1
Intracellular proteins of interest, their function, and percent change from control as assayed via Kinex™ Antibody
Microarray
Protei Control | Control RMS
rotein or F .
Phosphorylation Site unction vs. vs. Vs
RMS MFR | RMS+MFR
DAPK-2 Positively m@dlates +74% —12% ~10%
apoptosis
Maximizes FAK
Y576
FAK activation +58% | +23% +55%
CREBIS Upregulates gene | ysg0, | 12704 6%

transcription
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