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Differential Protein Expression in Explanted Human Retinal Pigment Epithelial Cells 24- 
hours Post-Exposure to 532 nm, 3.0 ns Pulsed Laser Light. 

ABSTRACT 

The use of laser light for targeting devices and weapons has dramatically increased the 
likelihood that personnel will be exposed to laser energy during military operations. 
Expanded medical, research, and industrial laser use may lead to excessive risk of 
exposure of researchers and technicians and also during commercial applications. The 
increased potential for exposure of humans to lasers, especially sub-nanosecond laser 
pulses in the visible and near-infrared regions of the spectrum (Rockwell, 1999a, b), 
highlight the need for scientifically based safety standards for laser exposure at the ultra 
short pulse lengths. The great peak powers achieved at ultrashort pulse lengths suggests 
that the current standards may not be appropriate to protect personnel. Further, the nature 
and relative importance of the biophysical mechanisms of photon-tissue interaction at 
such pulse widths and irradiances are not understood at the fundamental cell and 
molecular level. Current ultrashort pulse laser safety standards are based on a minimal 
visible lesion (MVL), i.e. histological, damage endpoint in the Rhesus monkey model 
(Shaver, 2000). A human in vitro model for assessing laser-light damage to tissue at the 
cell and molecular level is desirable for scientific, political and fiduciary reasons. This 
research assesses the effects of sublethal pulsed laser-light treatment to a human cadaver 
donor retinal pigment epithelial (RPE) tissue using BD Transduction Laboratories' BD 
PowerBlot™ Western Array screening service with antibodies for 859 known human 
proteins involved in cell signaling, apoptosis, cell adhesion, kinase and GTPase activity 
as well as several other functions. Some of these functions have been shown to be 
important in biological processes that could lead to important biological sequelae such as 
loss of function, cancer or cell death. The results of Western Array immuno-screening 
analysis of lased human RPE are discussed. This research was done in an effort gain 
basic scientific insight into the physiological state of cells at the level of protein 
expression after laser exposure. Of specific interest is the amount and type of 
damage/perturbation cells undergo due to laser irradiation. To our knowledge this is the 
first ever application of Western Array screening to laser-bioeffects research. 

BACKGROUND 

A search of the literature revealed no other efforts to understand laser-tissue 
interactions using a proteomic approach. The only other similar work previously 
performed by Obringer using two-dimensional SDS-PAGE to separate proteins and 
matrix-assisted laser desorption/ionization mass spectroscopy (MALDI Mass Spec) to 



Identify proteins of interest in laser exposed ocular cells which laid the basis for the 
plausibility of this project. Therefore, this research opens a novel approach to 
investigation of laser-tissue interactions. New aspects include the focus optical tissue 
explants obtained from human cadaver donors, the use of an ex vivo model, and the focus 
of the investigation at the cell-molecular level using proteomics. Due largely to technical 
limitations, previous research has focused on laser-tissue interactions at the histological, 
i.e. tissue level. Most often this has been in corneal and retinal tissues, though there has 
been some work on dermal tissues (Roach, 2001; Stuck, 1981; Lund, 1970; Zuclich, 
1995). 

A large void currently exists in the current understanding of laser-tissue 
interactions at the cell and molecular levels. Specifically, previous research has focused 
on the (macroscopic) histopathological minimum visible lesion (MVL) threshold of 
various laser exposures in consideration of multiple variables (Cain, 1995,1999) while 
failing to consider possible long-term sequelae of sublethal (non-lesion forming) 
irradiation or as occurs to the cells in the margins of lesions. Biochemical studies have 
investigated free radical formation in the ocular melanosomes in retinal pigmented 
epithelia (pigmented cells behind the retina) which are hypothesized to lead to oxidative 
damage as one mechanism capable of producing sublethal sequelae of biological 
significance (Glickman et al., 1996a, 1996b, 1995,1993,1992,1989, Lam et al., 1992). 

Laser-tissue research in general is complicated by the number of variables 
involved, many of which concern technical aspects of laser illumination and the 
biological model used. In the 1990s an extensive effort was made to revise laser safety 
standards. This effort examined histological effects as a function of numerous variables, 
such as wavelength, pulse duration, total number of pulses, time between pulses etc. so 
that "the list of important variables expands to create a large matrix of possible 
experimental conditions" (Thomas, 2001). Due to technological limitations however, no 
attempt was made to undertake a comprehensive examination of the effects of irradiation 
at the molecular level and develop a similar matrix. 

The research described here attempts to gain a preliminary understanding of some 
details of laser-tissue interactions at the biomolecular (protein) level of cellular 
physiology. Nonetheless, detailed research at the histological level is not only relevant 
but also necessary to a full understanding of laser-tissue interactions.  As has been noted, 
this research was conducted on monolayer tissue cultures. While tissue cultures may 
serve as a model, application of the knowledge gained will be largely in the context of 
living organisms with fully developed tissues and organs. Thus previous research sets 
not only the background but also the very foundation for understanding how laser light 
interacts with the RPE of living persons. We believe that the ex vivo explanted tissue 
model most closely approximates the biological response of the tissue while in the 
organism. 

See USAFA-TR-2004-01 (Obringer, et al, 2004) for further background 
information on laser-light interaction on optical tissue and USAFA-TR-2002-02 (Lykins, 
et al., 2002) for background on the mechanisms of physical interaction of laser-light with 
biological materials. 



Western Blotting as a Means of Biological Inquiry 

Proteins carry out the majority of chemical activity necessary to life cellular life, 
serving as structural members of cells, enzymes, and regulating life processes. Western 
blotting and subsequent immunologic identification of proteins is one method of assaying 
the proteomic (comprehensive protein) response of a biological system to an 
environmental stimulus (Kiechle, 2002). 

The central dogma of modern biology is that all the chemical/biological 
information required by a life form is stored in DNA, which is transcribed to RNA and 
then translated to protein. According to this paradigm the potential response of a 
biological system to any variation in its environment is encoded in the DNA. The 
response to an environmental stimulus, such as exposure to a laser beam, may require 
changes in the transcriptional and translational levels to mediate the required response. 
Monitoring changes in the transcription levels of various messenger RNAs and the 
corresponding translation of the proteins they code for would therefore give direct 
indications of the cell's specific response to the environmental stimulus at the molecular 
level. Monitoring of protein expression patterns can be accomplished by western blotting 
techniques in conjunction with immunologic identification of the proteins and 
bioinformatics analysis of the resultant data set. 

Ideally there would be a quantitative means of measuring the transcription, 
translation and residency times for RNA transcripts and the proteins they code for. In 
lieu of such a robust system, multiple parallel western blots of cellular extracts are used 
in this research to query the biological response to laser exposure at the level of 
translation. By examining the differential protein expression patterns it is expected that 
insight in to the physiological state of the cells can be ascertained, including but not 
limited to the amount and type of damage/perturbation the cell has undergone. If this is 
possible, it may further be possible to predict whether the damage has induced an 
increased likelihood of future biological perturbation such as mitotic misregulation (an 
alteration of the control of cellular replication) due to mutagenesis (causing a mutation in 
the DNA) or a change that will result in the cell undergoing programmed cell death 
(apoptosis) outside of its normal developmental program. 

In this research the BD PowerBlotTM system, of BD Transduction Laboratories, 
San Diago, CA, was employed to provide proteomic analysis of laser-irradiatedRPE 
explants. The BD PowerBlot system assays proteins against 859 monoclonal mouse 
antibodies individually specific for physiologically relevant proteins known to be 
mediators of processes such as apoptosis, cell adhesion, transcription and translation 
regulation, cell cycling control and machinery, membrane interaction, organelle function, 
cytoskeleton components and regulation, nuclear transport, etc. Protein isolated from 
control versus experimental cells is densiometrically analyzed after contact with the array 
and compared for significant differences. These differences are presumably indicative of 
the metabolic differences between lased and unlased cellular responses, and equate to the 
cell's response at the protein level to laser-induced alteration in cellular physiologic state. 
Relative changes in expression are verified by comparison of control (sham-exposed) and 
experimental lysate samples on the same gel. 



MATERIALS AND METHODS 

This particular experiment was labeled "N2" (3.0 nanosecond pulse width, 532 
nm laser light exposure). 

Donor: 

The RPE tissue donor for N2 was a 65 year old Caucasian, blue eyed, male that 
died of cancer.  No ocular pathologies were noted. 

Explant preparation: See USAFA-TR-2004-01 

Laser: Equipment Used for N2 

Laser (Nd:YAG) Coherent Infinity XPO Laser 
Power Meter Scientech Power Meter model S310 
Detector Head Scientech model PHDX50 
Shutter nmLaser model LS055S3W8 
Shutter Controller nmLaser model CX2450 
Velmex XY Stage model NF90-2 

Exposures pulse energy was determined by placing a power meter on the x-y 
translation stage (the site of target exposure) and dividing the measured average power by 
the pulse repetition rate. This method was considered adequate since pulse-to-pulse 
energy typically varied less than 10%. The beam profile is a "top hat" with less than 5% 
variation across the wave front. 

Laser-light exposure: 

For procedures see USAFA-TR-2004-01. The table below contains the exposure 
parameters for the experiment reported herein. 

Treatment N2 
Wavelength (nm) 532 
Average Power (mW) 508 
Pulse Energy (mJ) 50.8 ± 1.2 
Pulse Length (FWHM) 3.0 ns 
Total Incident Energy (mJ)    3251 
Peak Power (W) 1.69 xlO7 

Fluence (mJ/cm2) 108 



Exposure Time (sec) 6.4 
Laser Repetition Rate (Hz) 10 
Beam Diameter (1/e2) 6 mm 
Irradiance (kW/m2) 18.0 

Total incident energy (TIE) is defined as the amount of laser-light energy that was 
delivered to the 6 mm well containing the RPE explants. Abbreviations: nm- 
nanometer; m-meter, mm-millimeter, ns-nanosecond; mJ-milliJoule; mW- 
milliWatt; FWHM-Full Width Half Max; Hz-Hertz; sec-second; W-watt; e- 
naturallog. 

Laser exposure of Human RPE Explants 

The Nd: YAG laser light exposure regimen was based on empirical data (not 
shown) that established cell viability after a range of laser exposures. The exposure 
described above for treatment N2 was calculated to be 1.8 k J/m2 which is about 10% of 
the MVL value and approximately 65% above the MPE for the pulse width and 
wavelength considered (Sliney and Wolbarsht, 1980 and ANSI Z136.1-2000 Table 5a). 

In experiment N2 the cells were exposed to either 1) sham exposed to no laser- 
light (beam blocked upstream), or 2) 64 pulses of 532 nm visible laser-light. Each pulse 
containing 50.8 mJ ± 1.2 mJ (on average) of energy was delivered to a microtiter plate 
well 6 mm in diameter containing 50 microliters of medium. See Figure 2 in USAFA- 
TR-2004-01 for a general overview of the experimental procedures. 

Exposed RPE collection 

Sample N2 was harvested 24 hours post-exposure for Affymetrix gene chip 
analysis and protein analysis. A "C" beginning the sample designation (i.e. CN2) 
indicates the control sample for comparison. The "HX" designation indicates the use of 
human explanted tissue as the experimental model. See USAFA-TR-2004-01 for further 
procedural details. 

Oligonucleotide Microarray Description Protocol and Analysis: 

See USAFA-TR-2004-01 for the oligonucleotide microarray (gene chip) gene 
expression results. 

For a complete listing of sequence sources and human array design the reader 
should visit Affymetrix's website at www.affvmetrix.com, Technical Note: Array Design 
for the GeneChip Human Genome U133 Set. Figures 3, 4 and 5 of USAFA-TR-2004-01 
are offered to familiarize the reader with the Affymetrix platform, general procedures for 
target preparation and the GeneChip array, respectively. 



Control Procedures 

Explants cultured as controls were exposed to the same conditions including 
transfer to the laser room, exposure to open air for the shoot period, and movement on the 
x-y translation state in order to expose both samples and controls to the same open air 
conditions, noise, and electromagnetic fields, etc. The controls, however, were not 
exposed to laser light, as the laser beam was blocked for the period of time the controls 
were sham exposed to the open air x-y translation stage conditions. 

Harvest and Cell Lysing for BD PowerBlot™ Assay 

Twenty four hours post-treatment, the harvest protocol was initiated. The tissue 
was placed in labeled, pre-chilled microcentrifuge tubes and stored at -65°C until they 
were packed on dry ice for overnight express shipment to BD Transduction Labs, Below 
is a brief overview of the protocol used by the vendor to extract total cellular protein. 
The harvest protocol consisted of washing twice with Hanks5 balanced saline solution 
(HBSS), once with 50 phosphate-buffered saline (PBS) to remove extraneous protein. 
The lysis buffer consisting of lOmM Tris (pH 7,4), 1 mM sodium ortho-vanadate, and 
1% SDS, The tissue was placed in the lysis buffer and was heated to just below boiling. 
The lysate was heated in a boiling water bath for 30 seconds and then cellular DNA was 
mechanically sheared via homogenization. The homogenized samples were then 
processed as outlined below for BD PowerBlot™ analysis. 

BD PowerBlot™ Materials and Methods 

The following procedures were performed by BD Transduction Laboratories, 133 
Venture CtXexington, Kentucky 40511. Descriptions of procedures conveyed below 
were provided by Ms. Bryden Heywood at BD Transduction Labs. 

Experimental and control samples were received, thawed and total protein 
quantitated using the Pierce BCA reagent colorimetric assay to ensure adequate sample 
quantity. Protein concentration in solution was equalized by dilution and the samples are 
loaded for SDS PAGE. The separated proteins on the PAGE gels were transferred to 
PVDF membranes (western blotted) so that samples of the proteins were transferred to 
the surface of the membrane, replicating their exact relative positions on the PVDF 
membrane. This allows correlation of lane number and molecular weights (as determined 
by electrophoresis) with protein identification obtained from the next steps. The 
membranes containing the electrophoretically separated proteins are then probed with 
specific mouse monoclonal antibodies. The complete list of these antibodies can be 
found in Appendix A, Antibodies bind to those proteins in the blots for which they are 
specific, while antibodies not bound are rinsed away. The antibody-protein complexes 
are then incubated with fluorescently tagged anti-mouse antibodies. Binding of the 
fluorescently tagged antibodies allows the bound proteins to be visualized under the 
proper wavelength of light. The data is captured as an electronic photograph when 
membranes are exposed to infrared light and read with the Odyssey™ Infrared Imaging 
System. PDQuest software (by Bio-Rad) automates the spot-finding and spot-matching 
functions that correlate SDS Page information (molecular weight) with Western blot data 



(immunologic binding, spot size). Finally, bioinformatics techniques are used to generate 
confidence levels based on reproducibility, fold change and spot intensity, and present the 
data set in an MS Excel spreadsheet (see Appendix A). 

The Western blotting protocol is listed below, per the BD Transduction Labs 
PowerBlot™ Service product information sheet, (Bryden Heywood, January 2002, 
personal communication). Prior to this procedure protein concentrations were quantitated 
using the Pierce BCA reagent colorimetric assay. Protein concentrations were then 
equalized by dilution and rechecked prior to Western blotting as described below. 

Western blotting 

1. The gel is 13x1 0 cm, 4-15% gradient SDS-polyacrylamide, 0.5mm thick (Bio-Rad 
Criterion IPG well comb). A gradient system is used so a wide size range of proteins can 
be detected on one gel. 

2. 200 ug of protein is loaded in one big well across the entire width of the gel. This 
translates into -10 ug per lane on a standard 10 well mini-gel. The gel is run for 1.5 hours 
at 150 volts. 
1. The gel is transferred to Immobilon-P membrane (Millipore) for 2 hours at 200 

mAmp. We use a wet electrophoretic transfer apparatus TE Series from Hoefer. 
2. After transfer, the membrane is dried and re-wet in methanol. The membrane is 

blocked for one hour with blocking buffer (LI-COR). 
3. Next, the membrane is clamped with a western blotting manifold that isolates 40 

channels across the membrane. In each channel, a complex antibody cocktail is 
added and allowed to hybridize for one hour at 372C. 

4. The blot is removed from the manifold, washed and hybridized for 30 minutes at 
372C with secondary goat anti-mouse conjugated to Alexa680 fluorescent dye 
(Molecular Probes). 

5. The membrane is washed, dried and scanned using the Odyssey Infrared Imaging 
System (LI-COR). 

6. MW Standards - Standards are composed of an antibody cocktail added to lane 40 of 
Template A, B, C, and D PowerBlot gels. Lanes 16 and 17 of Template E blots are 
loaded with two standard cocktails, standard cocktail #1 and standard cocktail #2, 
respectively. 

MW Standards: (kD) 

PI 90 Glued 190 
Adaptin beta 160 
STAT-3 92 
Mek-2 46 
RACK-1 36 
GRB-2 24 
Rap2 21 



Standard Cocktail#l: (kP) 

Exportin-1/CRMl 112 
MCM 83 

Nucleoporm p62 62 
a-tubulin 55 
Actin 42 
KNP-1/HESl 28 
NTF2 15 

Standard Cocktail#2: (kD) 

pl90 190 
HiplR 120 
Transportin 101 
Calreticulin 60 
Arp3 50 
elF-6 27 
Rap2 21 

Statistical Procedures 

The following information was provided by BD Transduction Laboratories, 
Lexington, Kentucky, regarding statistical analysis of samples and interpretation of 
resulting data labels: Fold change is a "semiquantitiave value" representing the general 
trend of protein changes for the experimental sample relative to the control. Protein 
expression levels were determined by the following procedure: Separated proteins from 
SPS-PAGE are transferred to PVDF membranes by Western Blot, assayed with cocktails 
of mouse-derived antibody cocktails (listed above), and rinsed. The mouse antibodies are 
then incubated with fluorescently tagged anti-mouse antibodies. Binding of the 
fluorescently tagged antibodies allows the bound proteins to be visualized under the 
proper wavelength of light. The data is captured as an electronic photograph when the 
membranes are exposed to infrared light and read with the Odyssey™ Infrared Imaging 
System. PDQuest software (by Bio-Rad) automates the spot-finding and spot-matching 
functions that correlate SDS Page information (molecular weight) with Western blot data 
(Immunologie binding, spot size). Raw data was the total intensity value of a spot. 

Calculation of Fold Change 

The raw values determined as described above were normalized by dividing the 
raw quantity of a spot by the total intensity value of all pixels in an image multiplied by 
1,000,000. The ratio of normalized quantity for experimental samples to the 
corresponding spot on the control sample is the protein expression fold change. 
Specifically, differential protein expression, i.e. "fold change" was calculated by dividing 
the signal strength of the experimental sample by that of the control sample for each run 



of the Western blots. "+" Indicates an increase in expression of a protein in the laser 
exposed samples, while "-" indicates a decrease in expression, and div/0 indicates that the 
protein was not detected in the experimental but was detected in the controls or it was 
detected in the control sample but not the experimental sample, so that calculation of fold 
change would result in irrational number (division by zero). Thus + div/0 means the 
protein was detected in the laser exposed sample but not the control, while - div/0 
indicates the protein was detected in the control but not in the laser-exposed 
(experimental) sample. 

A protein fold expression confidence level was calculated for each protein based 
on a combination of signal strength and the absolute value of the fold increase itself, as 
well as whether all Western Blot runs agreed in the direction of fold change (i.e. did they 
all increase/decrease, or was one run in conflict with the others).   Following is a guide to 
data interpretation of the protein fold changes presented in Appendix A. 

Data analysis 

Data analysis includes raw and normalized signal intensity data from each blot 
with changes greater than 1.25 fold indicated. A description of characteristics of the 
analysis follows immediately: 

1. Quantity - total intensity of a defined spot. 
2. Normalized Quantity - the raw quantity of a spot divided by the average intensity 

value of normalization standards in an image. 
3. Ratio - The Normalized Quantity for experimental bands expressed as a ratio of the 

Normalized Quantity for the corresponding control bands. The Ratio is used to 
determine increases or decreases in protein expression. 

4. Samples run in duplicate and analyzed using a 2X2 matrix comparison method. For 
example, run 1 of control is compared to runs 1 and 2 of experimental. Run 2 of 
control is compared to runs 1 and 2 of experimental. 

5. Results are also expressed as Fold Change, a.semi-quantitative value that represents 
the general trend of protein changes, either increasing or decreasing, for the 
experimental sample relative to control. 

6. Changes are listed in order of confidence, level 10 being the highest confidence. 
Confidence levels are defined as: 
a) Level 10 - Changes greater than 2 fold in all 4 comparisons from good quality 

signals that also pass a visual inspection 
b) Level 9 - Changes 1.5 to 1.9 fold in all 4 comparisons from good quality signals 

that also pass a visual inspection 
c) Level 8 - Changes greater than 2 fold in all 4 comparisons from low signals that 

pass a visual inspection 
d) Level 7 - Changes 1.25 to 1.5 fold in all 4 comparisons from good quality signals 

that pass a visual inspection 
e) Level 6 - Changes greater than 2 fold in all 4 comparisons that do not pass 

visual inspection 
f) Level 5 - Changes 1.5 to 1.9 fold in all 4 comparisons that do not pass visual 

inspection 



g) Level 2 - Changes greater than 2 fold in all 4 comparisons from low signals that 
do not pass a visual inspection 

h) Level 3 - Changes 1,25 to 1.5 fold in all 4 comparisons from good quality 
signals that do not pass a visual inspection 

i) Level 2a - Changes 1,5 to 1.9 fold in all 4 comparisons from low quality signals 
j) Level 2a - Changes 1.25 'to 1.5 fold in all 4 comparisons from low quality signals 
k) Level la - Changes greater than 2 fold in 3 of 4 comparisons from good quality 

signals 
I) Level lb- Changes 1,5 to 1.9 fold in 3 of 4 comparisons from good quality 

signals 
m) Level 0 - No significant protein changes 

As mentioned, fold changes represented as div/0 in the appendices represent the 
presence verses absence of a protein, in which case the fold change cannot be calculated 
mathematically because division by zero is not possible. In essence, these changes 
represent a profound change in signal strength. Signals with numeric levels below 
305000 as read by the Odyssey™ Infrared Imaging System, were deemed low signals. 
"Comparisons based on low signals can be inconsistent" (BD PowerBlot™ Service 
Technical Data Sheet). Technical descriptions of the proteins identified can be found by 
accessing the PowerBlot Informatics website at 
http://bioinfo.clontech.com/powerblot. From this site the reader can access the 
online catalog and review the technical data sheets that describe known protein functions 
and expressions patterns, as well as, link to the Swiss-Prot and Locus-Link protein 
databases. 

RESULTS 

Appendix A contains the results of the BD PowerBlot™  analysis, A total of 104 
proteins showed some level of significant change and an additional 17 were identified to 
be present in measurable quantities, but had not significantly changed from the control. 
The table below indicates the confidence level with the number of proteins classified in 
that level and the number that increased (up) or decreased (down) in the order of 
confidence (10 being the highest). 
Confidence Level       number of proteins     Up      Down 
10 7 
9 4 
8 1 
7 6 
6 0 
5 7 
4 13 
3 21 
2a 15 
2b 14 
la 3 
lb 13 

4 3 
0 3 
1 0 
4 2 
0 0 
5 2 
4 9 
3 18 
5 10 
5 9 
2 1 
6 7 



o ; 17 -          
104 39       64 

Clearly the number of identifiable proteins that decreased in concentration after 
laser exposure is nearly 2 (1.6) to 1 compared to the number that increased.  Also, there 
were several proteins that were altered in near or greater than 5 fold concentration after 
laser-light exposure that would most likely qualify as excellent candidates for biomarker 
investigations. A few were Calreticulin (+), Calnexin 105kD (+), Annexin VI-78kD (+) 
and P-Cadherin (-) , interestingly all involved in Ca-binding and/or signaling. Also of 
note were Clatherin Heavy Chain-180kD (+), Gelsolin (+), V-1/Myotropin (+) and 
EPLIN (-) all involved in cytoskeletal structure and/or metabolism. Obviously, those that 
increased in concentration after treatment would be the primary candidates for further 
investigations as biomarkers. 

DISCUSSION 

An analysis of the change in protein concentrations tabulated in Appendix A 
reveals that the RPE cells lased with 3 ns pulsed, 532 nm laser-light and assayed 24 hours 
post exposure had a number of physiological responses to the treatment.   One striking 
observation was that Calnexin-105 kD increased an average of approximately 6 fold 
across the 4 comparisons. Calnexin is a calcium-binding protein that interacts with the 
newly synthesized glycoproteins in the endoplasmic reticulum. It is also reputed to act in 
assisting protein assembly and/or in the retention within the ER of unassembled protein 
subunits. It seems to play a major role in the quality control apparatus of the 
endoplasmic reticulum by the retention of incorrectly folded proteins (Swiss- 
Prot:P27824). UbcH7 was increased by nearly 3-fold across 3 comparisons as well as 
UbcH6. These findings are consistent with the previous observations that 120 ps, pulsed 
532 nm laser-light disrupts the function of the protein synthesis apparatus and induces the 
ubiquitin-proteosome pathway (UPP) (Obringer, et al. 2004). The total energies for the 
two experiments were nearly identical, but the difference between this and the 
experiment reported in USAFA-TR-2004-01 is the pulse width (3 ns vs 120 ps) thus 
resulting in a 25-fold increase in peak power [Peak Power (W) 1.69 x 107 vs Peak Power 
(W) 4.2 lx 108]. In the picosecond treated RPE the devastation to the protein synthesis 
apparatus and protein structure appeared to be far more extensive based on gene 
expression profiling which makes intuitive sense given the difference in peak power. See 
US AFA TR-2004-02 for the gene expression profile for this experiment which indicates a 
5-fold increase in the gene expression of ribosomal protein L37a mRNA, just to highlight 
one, providing evidence of protein synthetic apparatus perturbation when assayed at the 
gene expression level.   So it would appear that gene expression profiling and protein 
concentration profiling are graded responses that are concordant with each other as to the 
physiological consequence in this metabolic pathway. 

Further examination of the data in Appendix A reveals that several proteins 
involved in all involved in Ca-binding and/or signaling. Such as 
Calreticulin (+), Calnexin 105kD (+), Annexin VI-78kD (+) and P-Cadherin (-) and 
others differentially expressed at the protein level thus indicating a perturbation to 
calcium trafficking affecting several cellular/physiological pathways. 



Consistent with this same pattern are the observations of alterations in 
cytoskeletal metabolism with the down regulation of EPLIN and the up regulation of 
gelsolin, clatherin and E, NCK, Paxillin-109kD and P-cadherin to highlight a few. 
Overall, the cell appears to be remodeling the microtuhecular lattice and plasma 
membrane adaptors and cytoskeletal-connected membrane associated surface 
architectures, some dramatically.  For example, Caveolin 1-81 kD, a surface adaptor, 
showed over a 20 fold increase in two of the 4 assays, averaging a 13 fold increase across 
the 4 assays. 

In a few other systems, proteins involved in apoptosis showed a mixed response, 
but overall indicated a non-apoptotic response.   And the affect on cell cycling indicates a 
slowing or halting of mitosis including DNA replication, nucleotide synthesis, and cell 
division. Not surprisingly, these findings are consistent with previous work at the gene 
expression level. 

To the best of our knowledge, this report represents the first-ever application of 
differential protein expression analysis to assess laser-light induced perturbation within 
the metabolic framework of explanted human cadaver RPE cells. It is heartening to note 
that the differential protein expression pattern largely agrees with the differential genes 
expression patterns reported previously. It is our opinion that the melding of the 
genomics and proteomics of laser tissue-interaction will provide powerful insight into the 
viable functioning of tissue after an environmental Stressor occurrence, whether it be 
laser-light exposure or some other agent. 
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