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Differential Gene Expression in Explanted Human Retinal Pigment 
Epithelial Cells 24 hours Post-Exposure to 532 nm, 3.0 ns Pulsed Laser- 
Light and 1064 nm, 170 ps Pulsed Laser-Light 12 hours Post-Exposure: 

Results Compendium 

ABSTRACT 

The use of laser light for miUtary and commercial applications has sharply increased the 
likelihood of personnel exposure to laser light during operations. The increased potential 
for human exposure highhghts the fact that there is paucity of basic science at the cell and 
molecular level concerning the effects of laser exposure of human cells. Current safety 
standards are largely extrapolations of exposure limits using a minimal visible lesion 
endpoint in the Rhesus monkey retinal model. A non-animal model for assessing laser- 
light damage to tissue, particularly human, is quite desirous for obvious scientific, 
political, and fiduciary reasons. We assessed the sublethal insult to human retinal 
pigment epithelial cells using a cadaver organ donor explant system for genes 
differentially expressed 12 and 24 hours post-exposure using gene expression microarray 
technology (gene chip). It appears that pulses of laser hght are sensed and markedly alter 
gene expression. The two experiments presented herein are intended to add to the 
database of laser-tissue interaction at the molecular level using gene expression profiling 
as the assessment endpoint. This investigative approach also showcases a global 
methodology for characterizing environmental stressors on a living system via genetic 
profiling and halhnarks the use of human explants as an experimental model for assessing 
laser-induced bioeffects at the cell and molecular level. Additionally, we offer 3 
conceptual cartoons outlining our vision for the future progress of laser bioeffects 
research, metabonomic risk assessment modeling and knowledge building firom laser 
bioeffects data. 

BACKGROUND 

In the interest of brevity the reader is referred to USAFA-TR 2004-01 for the 
background. 

MATERIALS AND METHODS 

Explant procurement and processing: General overview 

Tissues were received as a tissue donor gift through the Rocky Mountain Lion's Eye 
Bank who accomplishes all of the donor consent paperwork. Posterior globes of both 
eyes were harvested 8 hours post time of death and put into a 50 ml vial with approx. 25 
ml of buffered saline. The tissue was transported directly to tissue culture lab where the 
vitreous humor and retina were mechanically removed. Then the RPE still attached to 
the sclera were cut into 3-5 mm square pieces. The pieces were then placed into 96 well 
microtiter plates (1 per well) with 150 microliters (ul) of the media (DME/F12 with 10% 
FBS plus antibiotics) and cultured at 37 degrees C in 5% C02 until re-plated for 



exposure. In a fresh 96 well plate the pieces were placed RPE side up centered in the 
well, in 50 ul media (just covers the explant) to be exposed. Explants were kept at 37 
degrees until they were transported in a pre-warmed insulated box to the laser lab and 
exposed at room temperature in the plates on an X-Y translation stage one well at a time 
as quickly as possible to minimize temperature fluctuations then returned to the 
incubator after stereoscopic examination and the additional 100 ul of warm media. At the 
desired time post exposure, RPE was mechanically removed from the sclera and collected 
in microcentrifiige tubes, labeled and frozen at -65 degrees C. Samples were shipped 
frozen to the vendor with approx. 10 lbs of dry ice via overnight deUvery. We accepted 
donors age 65 years or younger, either sex, with no mitigating ocular or retinal pathology 
such as glaucoma, diabetic retinopathy, retinitis pigmentosa, etc. 

This report provides the results of two gene expression experiments. The fu-st was a 532 
nm, nanosecond pulse width exposure designated as N2. The second was a 1064 nm, 
picosecond pulse width exposure designated as P4. 

Donor: 

The RPE tissue donor for N2 was a 65 year old Caucasian, blue eyed, male that died of 
cancer. The RPE tissue donor for P4 was a 41 year old Caucasian, blue eyed, female 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 LS055S3 W8 
Shutter Controller nmLaser model CX2450 
Vehnex XY Stage model NF90-2 

Laser: Equipment Used for P4 

Laser (Nd:YAG) EKSPLA, model SL312T, serial number 017 
Power Meter Molectron OM4001 power meter, serial number 136C 
Detector Head J5 0 Detector Head, with diffuser, serial number 1518B 
Shutter nmLaser model LS055S3W8 
Shutter Controller nmLaser model CX2450 
Velmex XY Stage model NF90-2 

In both exposures the 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. In the table below are the exposure parameters 
for the experiments reported herein. 

Treatment N2 P4 
532 1064 
508 1150 
50.8 ± 1.2 115±5 
3.0 ns 170 ps 
3251 3220 
1.69 X lO'' 6.76 X 10* 
108 244 
6.4 2.8 
10 10 
6 mm 6 mm 
18.0 40.7 

Wavelength (rmi) 
Average Power (mW) 
Pulse Energy (mJ) 
Pulse Length (FWHM) 
Total Incident Energy (mJ) 
Peak Power (W) 
Fluence (mJ/cm^) 
Exposure Time (sec) 
Laser Repetition Rate (Hz) 
Beam Diameter (1/e^) 
Irradiance (kW/m^) 

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

Laser exposure of Human RPE Explants 

The Nd: YAG laser hght 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/m^ 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 ANZI Z136.1-2000 Table 5a). The exposure described 
above for treatment P4 was calculated to be 4.1 k J/m^ which is about 16%o of the MVL 
value and approximately 20%) above the MPE for the pulse width and wavelength 
considered (Sliney and Wolbarsht, 1980 and ANZI ^136.1-2000 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. In experiment P4 the cells 
were exposed to either 1) sham exposed to no laser-light (beam blocked upstream), or 2) 
28 pulses of 1064 nm visible laser-light. Each pulse containing 115.5 mJ ± 5 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 gene chip analysis; while sample 
P4 was harvested at 12 hours post-exposure. A "C" beginning the sample designation 
(i.e. CP4 or CN2) indicates the control sample for comparison. The "HX" designation 
indicates the use t)f 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 a complete listing of sequence sources and human array design the reader should visit 
Affymetrix's website at www.affymetrix.com. Technical Note: Array Design for the 
GeneChip Hiraian Genome U133 Set. 

RESULTS 

The results (Appendix A and B) of a gene expression microarray are expressed in fold 
change in expression for one gene in the control versus the experimental samples. For 
example, if gene YFG is expressed four times greater in the treated cells than in the sham 
exposed controls, it would show a fold change of positive four (4) in Appendix A that 
functionally means that gene YFG mRNA was found in 4 times greater concentration in 
the treated cells than in the controls. Thus, we conclude that the treatment induced the 
genetic expression of gene YFG four times greater in the experimentally treated cells 
than in the shame treated cells, presumably in response as the biological effect of the 
treatment. Conversely, if the YFG mRNA is 4 fold less in the experimental sample that in 
the control then a value of-4.0 fold is calculated. The assignment of the plus or minus 
designations on Appendix A is a fiinction of the algorithm in the software used to 
calculate the fold change. In the context of understanding the significance of fold change 
or fold induction of a gene, the analysis software calculates a 95% confidence level of 
fold change for each experiment. For this set of hybridizations labeled N2 and P4 the 
confidence was calculated to be +/- 1.2 for both. 

« 

Appendices A and B presents the most pertinent genes (at or above the absolute value for 
significance) listed in rank ordered by absolute fold change minus to plus at or above the 
significance value. To help clarify the interpretation of this appendix the following 
heading explanations are offered. Probe set: the listed name of the gene being probed. 
Control probe sets have been deleted from the data set in Appendix A. All signals in 
Appendix A have passed the quality control standards established by the manufacturer. 
The internal controls are used by Affymetrix to calibrate the array and as quality control 



elements. Control signal: the balanced (adjusted for background) signal strength for the 
control sample.   Exptl Signal: the balanced (adjusted for background) signal strength for 
the experimental sample. Control vs Exptl Fold Change: the fold change based on the 
comparative signal strength of the control RPE sample as compared to the experimental. 
This is the fold change value that is used as the endpoint value, and for further 
analysis in the interpretation of the differential gene expression microarray results 
for the designated genetic elements listed under "Probe set." Description: a brief 
description of the gene or EST that is represented in the probe set. The appendix 
obviously contains only a portion of the total number of elements probed and only those 
whose absolute fold change was at least at the minimum significance level or higher that 
has been calculated to be at or above the statistical significance of 95%. 

For experiment N2 a quick survey of the Fold Change (Figure 1), Variable Bin 
Histogram (Figure 2) and Differential Expression Scatter Plot (Figure 3) (internal 
controls are not in the graph data set) and Appendix A yields the observation that RPE 
mRNA was above 1.2 absolute fold change in 146 of the approximately 22, 000 
(approximately 0.7%) probe elements on the GEM. Of those 77 (0.4% of the total 
possible elements and 52.7% of the significantly expressed elements) were up-regulated. 
The number of genes whose expression was down regulated was markedly less. 68 
(0.3% of the total possible elements and 46.6% of the significantly expressed elements) 
genes were down-regulated at or above significant levels. In summary, the number of 
significant changes in gene expression was approximately equal in the up-regulated 
direction versus down-regulated direction, but the greatest magnitude of change for single 
genes was up-regulation with over two times greater fold change. 

For experiment P4 a quick survey of the Differential Expression Scatter Plot (Figure 4) 
(internal controls are not in the graph data set) and Appendix B yields the observation 
that RPE mRNA was above 1.2 absolute fold change in 408 of the approximately 22, 000 
(approximately 1.9%) probe elements on the GEM. Of those 324 (1.5% of the total 
possible elements and 79.4% of the significantly expressed elements) were up-regulated. 
The number of genes whose expression was down regulated was markedly less. 83 
(0.4% of the total possible elements and 20.3% of the significantly expressed elements) 
genes were down-regulated at or above significant levels. In summary, the greatest 
number of significant changes in gene expression was in the up-regulated direction 
(nearly 4 times), and the greatest magnitude of change for single genes (over 2 times) was 
also up-regulation. 

DISCUSSION 

Selected genes and ESTs fi-om Appendices A and B can be reviewed as to the 
physiological function and/or biological marker for which they are known whenever 
possible. Also note that the appendices contain ESTs that were differentially regulated 
by the cells post laser exposure. As of the date of the experimental analysis, the functions 
of the genes related to the above ESTs were not known.   But recent updates of the NCBI 
genomic database, several ESTs in the appendices have been assigned 



genetic/physiologic functions.   However, other EST's that were differentially regulated 
functions remain unknown thus remain fertile ground for future exploration and analysis. 
Gene functions can easily be located through a PubMed query in the NCBI searchable 
database format found in the appendices. 

These two experimental data sets are offered as a contribution to the continuing efforts in 
understanding the response of RPE to the exposure of high energy pulsed laser-light 
exposure using gene expression profiling 12 hours and 24 hours post-exposure. In the 
multi-dimensional hyper-volume of laser settings versus various tissues' response and 
time of response post-exposure, these can provide insights at specific matrix data points 
to possible perturbation to cellular physiology to include aspects of damage, repair and 
decreased/absent/rescued function. 

Closing 

As a closing comment we offer the following observation: These are the last gene 
expression profile experiments using Affymetrix GeneChip technology done in the Laser 
and Optics Research Center, Department of Physics, United States Air Force Academy. 
We highly recommend that this type of work, started here, be continued to aid in 
understanding the effect of laser-light exposure on affected human tissue. This use of 
living human cadaver donor tissue marks a major step forward toward assessing the 
cellular perturbation to be expected in the human organism and should be strongly 
considered as an experimental model until such time as the tissue microarray and 
organotypic model technologies more closely approximate the in vivo human response. 
We also suggest the employment of various statistical modeling techniques such as 
Taguchi's to establish the relevant orthogonal contrasts in the multi-dimensional 
hypervolume of laser settings versus biological response endpoints to rationally define 
the pertinent experimental data points to appropriately model laser-tissue interaction. In 
the context of more in depth analysis of the gene expression data, numerous higher order 
software platforms offer advance analyses, some employing artificial intelligence 
capabilities. As a closing thought we are attaching our concepts of future laser bioeffects 
research directions (Figure 5), a metabonomic risk assessment model of laser tissue 
interaction (Figure 6), and some suggestions for the transition to knowledge 
building/modeling from data collection (Figure 7) in laser bioeffects research. 
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