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INTRODUCTION:

Early identification of the specific proteins, which indicate delayed healing are critical to
long-term success of the patient and the development of new treatments. It is our hypothesis that
real time sensing of the wound proteome can be used to predict wound outcome, resulting in
tailored treatment that improve acute and chronic wound healing. The focus of this proposal isto
correlate protein targets and wound outcome and develop a technology that can sense the

microenvironment in acute and chronic wounds.

KEYWORDS.
Wound healing, proteomics, biomarkers, microarray, xerogel, SRM-MS, wound fluid, SI00A8,
S100A9, CXCLY, L-selectin, wound trajectory, MMP-9, TGFB3, RBP4

OVERALL PROJECT SUMMARY::
Statement of Work

Technical Objective 1:

Develop technologies for sensing multiple proteins in the wound microenvironment, in real time.
Subtask 1.1 Develop xerogel-based elements.
Subtask 1.2 Develop PBG-based sensor platforms.

Subtask 1.3 Sensor design and evaluation using wound fluids.

Technical Objective 2:

Test the suitability of our technology for the detection of multiple proteins from acute and

chronic wounds in vitro and in vivo, and correlate results with clinical outcomes.

Subtask 2.1 Collect fluid form subjects with pressure ulcers
Subtask 2.2 Collect samples from wounds in porcine model
Subtask 2.3 Proteomic analysis of wound fluid



Technical Objective 1:

Subtask 1.1 Develop xerogel-based elements.

L uminescence based detection is frequently used in chemical, medical, and biomedical
diagnostic applications. These sensors have several advantages including fast response and high
efficiency. They are less prone to contamination, and display high sensitivity and specificity
compared to competing approaches. Sol-gel derived xerogels have been widely used as the
platforms for immobilization of active agents. They are meso-porous materials that encapsulate
the optically active recognition elements while providing maximum surface interaction area.
New integrated sensors that included the xerogel as the selective sensing element were fabricated
and the polymer porous photonic bandgap (P°BG) structure as a tunable, high efficiency and
noise-free bandpass filter and wavelength selector. This integration provided atemplate for

luminescence based sensing with enhanced analytical signals(AS).

Subtask 1.2 Develop PBG-based sensor platforms.

Monitoring of the biochemical environment on the curved surface of animal and human skin
requires the development of a new class of sensing platform. A flexible optical sensing element
that conforms to the curved surfaces could potentially be integrated into a bandage. Porous
polymeric photonic bandgap (P°BG) structures have been demonstrated to be excellent platforms
for gas and liquid analyte sensing. Two main mechanisms are generally used for sensing with
these structures: 1) detecting the wavelength shift of the photonic bandgap caused by the
refractive index change induced by filling the pores with gaseous or liquid analytes; and 2)
embedding analyte specific luminophores within the pores and detecting the quenching of their
luminescence due to binding with the analyte. Porous polymeric PBG structures were fabricated
on large area flexible substrates (Figure 1).

Figure 1. Images of flexible PBG structures.



The optical properties were characterized and compared as a function of angle of incidence for
curved and flat porous polymer PBG structures. Specifically, samples were illuminated with the
white light beam at positions with a displacement of d (d=0mm, 2mm, 4mm,...) from the center
of the curved flexible PBG structure attached to the column of radius 12mm. The resulting
transmission spectra, as a function of displacement, are plotted (Figure 2a). This result can be
directly compared to the measurement of the transmission spectra of a flat PBG structure at
angles a=sin*(d/R) (Figure 2b). The colors in the graph stand for the transmission efficiency.

The dispersion curves from these two sets of data are in a good agreement with each other.

b)
Figure 2. Measurement geometry and dispersion curves of a) flexible PBG structure for
different displacements, d, and b) flat PBG structure at the corresponding incident angle o =sin’
1
(d/R).

Optical concentrators in the micron scale are important components for photonics devices. These
micro-concentrators can be used to enhance the detection of fluorescence signals in biosensors.
Micro-concave shaped Bragg reflector were fabricated using holographic photo-patterning by
recording the interference of plane wave and divergent wave from the reflection of a spherical
surface. The fabrication of these structures with dimensions down to several microns was
successfully completed (Figure 3). The resulting structures demonstrate good light focusing
(Figure 4). Thismethod is more efficient and lower-cost when compared to other fabrication
methods such as atomic layer deposition and electrochemical anodisation.



a) b)
Figure 3. The SEM images of a) the top-view of the formed concave shaped Bragg reflector
array (Scale bar: 5 um); b) the cross-section of one concave shaped Bragg reflector (Scale bar: 1
um), the white dash line indicates the profile of the concave layers.

a) b) C)

Figure 4. The microscope images of a)the microscopic image of the micro-spherical array
illuminated using white light (scale bar: 5 um); b) The variation of the gray value across the
centers of two concave shaped Bragg reflectors and ¢) The normalized reflectance spectrum of
the focusing points.

A one-step fabrication method was used to create a graded hol ographic photopolymer reflection
grating by using cylindrical lens. The period of the Bragg reflector at different lateral positions
along the structure is varied gradually, leading to a unique rainbow-colored reflection image in
the same viewing angle (Figure 5). Compared to previously reported graded photonic or
plasmonic structures prepared by expensive focus ion beam (FIB) milling or electron beam
lithography techniques, this holographic photopatterning method is low-cost and amenable to
large areafabrication. The dimension of these grating is scalable by using cylindrical lenses with
different focal lengths and diameters.

These graded holographic photopolymer reflection gratings provide alow-cost and light-weight
solution for multispectral imaging technology. By integrating these grating filters with other
imaging devices, they can be applied in bio-imaging and sensing. Sensing for wound healing
involves analyzing multiple proteins and growth factors in the wound microenvironment. The
graded grating has the potential to serve as multiplexed-channel analyte sensors. Series of
fluorescent labels with distinctive emission wavel engths can be employed to detect multiple
analytes on one sensor.



Figure 5. @) The reflection image of the graded holographic photopolymer grating under white
light illumination; b) The reflection spectra measured at different positions indicated by circlesin
(@); ¢) A second example of a graded holographic photopolymer grating fabricated using a
shorter focal length cylindrical lens. Scale bar: 5 mm.

Subtask 1.3 Sensor design and evaluation using wound fluids.

Oxygen responsive sensor platforms were fabricated by pin printing tris (4,7-diphenyl-1,10-
phenanthroline) ruthenium(l1) ([Ru(dpp).]**) doped sols onto reflective Bragg gratings. The
polymeric reflective Bragg gratings were fabricated using holographic lithography method. In an
epi-luminescence configuration, these Bragg gratings were designed to reflect selectively the O,
responsive [Ru(dpp),]** emission toward the detector to enhance the emission signal intensity.
The results show that this hybrid sensor platform exhibits linear, statistically equivalent O,
sensitivities and yields up to an eight fold increase in analytical signal in comparison to the
original sensor platform consists only with pin printing tris(4,7-diphenyl-1,10 phenanthroline)
ruthenium(l1) ([Ru(dpp),]**) doped sols (Figure 6).



Figure 6. False-color image at 610 nm in the presence of 50% N.,; an O, responsive hybrid pin
printed sol-gel sensor array comparing with an original pin printed sol-gel sensor array.

The PIXIES (protein imprinted xerogels with integrated emission site) platform was used to
detect cytokines of both in vitro and in vivo wound fluids. Porcine wound fluids were analyzed
for KGF, IL-1, IL-6, IL-12, TNFo TGF-beta, VEGF and EGF. Detection limits were < 2 pg/ml

and results were compared with ELISA.

Preliminary studies were undertaken to evaluate novel amino acid-modified hydrogel materials
for wound healing. HaCaT keratinocyte cells were tested for ability to attach and proliferate on
these materials and culture fluid was collected for growth factor/cytokine analysis using PIXIES.

Ultimately issues remain with implementation of PIXIES for wound sensing. The primary issue
is the long timeline ahead of the technology. The PIXIES sensor technology must be integrated
into another platform for use. Ultimately, it is not a common technology and has a long road to
bedside use due to the early stages of the technology. Additionally, the wound bed presents an
extremely challenging environment for any type of proteomic technology. Wound fluid is a
complex mixture of proteins and protein fragments due to the aggressive proteolysis in the
environment. PIXIES is a molecular imprinting technology and although it has been shown to
work well with intact proteins, but protein fragments are likely abundant in wound fluid and it
may prove difficult to keep the fragments necessary for fluorescence change to occur in a timely
fashion. During the analysis of samples using iTRAQ technology as part of the planned
workflow for the proteomic analysis, a new potential tool for analysis of the wound fluid in a

cost effective, low sample usage technology came to light. Selected reaction monitoring mass



spectrometry (SRM-MS) is a targeted proteomics technology used to identify and quantify
proteins with high sensitivity, specificity and high reproducibility. SRM-MS is ideally matched
to analysis of intact proteins and peptides. SRM-MS is a much more sensitive and reproducible
method for quantifying lower abundance proteins in complicated biological samples. Itisa
targeted technique that differs from the mass spectrometry approaches widely used in discovery
proteomics. Furthermore, SRM-MS is being developed for use in a wide variety of applications
including the diagnosis of disease processes including different types of cancer (1-3). The
technique identifies and quantifies the proteins present and it allows much greater flexibility for
samples analyzed. Rather than requiring sample collection directly from the wound bed, wound
exudate collected as part of treatment using negative pressure wound therapy (NPWT) could be
analyzed. This common treatment is widely used in chronic, acute, and burn wounds. SRM-MS
IS a repeatable technique across laboratories and does not require development of new
technology for the platform, thus allowing a faster track to development and bedside application.

SRM-MS findings are in section Subtask 2.3 of this report.

Technical Objective 2:

Subtask 2.1 Collect fluid from subjects with pressure ulcers

Enrollment was below the target set even though no cost extensions allowed additional time for

recruitment. Final enrollment was 15 men and 2 women with an average age of 63.2 years.

Wound surface area (WSA) measurements were completed for each subject and weekly time
point using VeVMD software. The percent change in WSA from the original timepoint was
calculated and plotted as the wound trajectory. A combined plot of all wounds is shown below
(Figure 7).
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Figure 7. Wound trajectories, the change in wound surface area relative to the initial area, for
chronic wounds observed for up to 8 continuous weeks.

This second plot of WSA (Figure 8) differs by the exclusion of 3 wounds (A,S, and U) that

increased dramatically in area or were intermittently sampled and is shown to illustrate the trend

in area changes for the remaining chronic wounds enrolled.
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Figure 8. Wound trajectories with wounds with large-scale area changes (n=3) removed to
illustrate fine scale differences for the remaining and majority of enrolled wounds.

Evaluation of wound fluids for markers of clinical outcomes is a rapidly expanding field, but the
determination of outcome for subjects and sample timepoints is not generally agreed upon.
Many studies rely on subjective clinical appearance when classifying wounds and samples (4).
Previously, we determined that tissue type does not predict wound outcome for chronic wounds
(5). Additionally, although wound healing trajectories can be indicative of healing (6), the
overall trend of a wound does not accurately reflect the status of the wound at any single
timepoint. Use of measurements comparing initial size to subsequent timepoints, healing
trajectories, are generally accepted for tracking progress (tracking). There is no known rate of

healing in chronic wounds.

Commonly, chronic wounds experience fluctuations in wound dimensions, both decreasing and
increasing in size during the overall path to wound closure. Figure 9 shows 2 wounds sampled in
this study. One wound is clearly healing throughout and the other is fluctuating, which makes

12



the determination of status for the timepoints difficult to classify. If overall a wound heals, but

during a period the wound worsens should that point be a healing or worsening sample?

Figure 9. Trends in wound surface area changes for two wounds. Wound E has oscillating area
changes, but after 8 weeks is larger than when initially measured. Wound P remains on a healing
course throughout the 8 weeks of observation.

Clearly the wounds have varying surface area trends and amplitudes. Commonly, wound
outcomes are determined by final percentage of healing, ignoring healing and declining phases
throughout the study. When using wound fluid samples to evaluate potential biomarkers it is
critical that the samples be sorted into healing and non-healing cohorts correctly. Without any
standard in the literature, we sought to define a technique to classify a sampling timepoint based
on a sliding 3 timepoint scale that uses the prior and following timepoint data to describe the
trend for the wound during the middle timepoint. We divided the timepoints into categories for
analysis and comparison using the area changes calculated on a weekly basis with the week prior
as the standard to measure changes in WSA rather than the initial measurement. A sliding scale

13



was used to identify wound timepoints that serve as representative samples for wounds that are
decreasing in area or increasing in area. A 2 point sliding scale considers only area changes from
the last timepoint, The 3 point sliding scale uses 3 consecutive area measurements and evaluates
if the wound was following a constant trajectory of increased or decreased area. Three
consecutive wound area data measurements must be consistently increasing or decreasing for the
middle timepoint to be assigned to a cohort. The scale slides down the temporal scale
considering each set of 3 data measurements in turn. The first and last samples are never
considered for cohort inclusion since their immediate history and future are unknown. If the
middle point decrease in size and the next point increases in size it is not possible to determine
the status of the middle point. The 3 point is being used to confirm the direction of the middle
point and allow sorting of the samples. The middle timepoint is selected as a potential
representative of closing or expanding wound healing processes.

Further refinement of the data requires a minimum change in WSA. A threshold is used to filter
the wound timepoints based on a minimum change in wound area. Filtering in one direction,
single threshold, requires the threshold to be true for only one direction from the middle
timepoint. Filtering on the percent change in area before and after, dual threshhold, further
refines the potential representatives. As the degree of change filter increases (more stringent),
fewer wound timepoints are included as representative samples. A one-way or single threshold
of 15% yields 10 or more samples in each category (Figures 10 and 11). 15% was chosen based
on the pressure ulcer and chronic wound healing literature, which indicates 20-40% healing over

a course of 2-4 weeks is indicative of healing (6).
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Figure 10. The sampling space for enrolled wounds begins with 143 timepoints. The application
of a 2 point sliding scale and imposing a minimum 15% change in wound area relative to the
previous measurement reduces the number of timepoints to 95. Further refining the data by
applying a 3 point sliding scale where the trajectory must be unidirectional increases the
confidence that the wound fluid proteins are representative of a healing or worsening wound.
Applying a one-way threshold of 15% reduces the number of data points to 28. The highest
confidence is achieved with a dual threshold, applied to both the previous and following area
measurement but the data is reduced to 18 timepoints.
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Figure 11. Effect of scale and threshold on data inclusion. As the inclusion criterion increases

in

stringency from a 2 point to a 3 point scale the amount of data used in each analysis is reduced.

This relationship is true also for the threshold set for increasing levels of area change between
measurements. With increased stringency comes greater confidence, but fewer data points.

A technology to evaluate the proteome for biomarkers of healing would not be particularly useful

in wounds that are obviously healing, but for chronic wounds that are slow to respond to
treatment, a biomarker would allow for identification of improving or worsening wounds. In
order to identify and validate these biomarkers samples from wounds must include points
throughout the wounds progress. The classification technique described is applicable to all
wounds. All wound samples were evaluated using the above analysis and divided into bigger
(worsening) or smaller (healing). Samples were then group accordingly for proteomic analysis
(Figure 12).
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Figure 12. Using wound area measurements, the samples were divided into healing or smaller
and increasing or larger sample groups. The groups were built using a 2 point scale and 15%
threshold, a 3 point scale with single 15% threshold and a 3 point scale with dual 15% threshold
before proteomic analyses.

Subtask 2.2 Collect samples from wounds in porcine model
A partial-thickness dermatome-induced wounds were generated in a porcine model and wound

healing parameters included wound fluid cytokine analysis.

Subtask 2.3 Proteomic analysis of wound fluid

Porcine wound fluid samples were analyzed using PIXES see section Subtask 1.3

Human wound fluid samples were analyzed in using both antibody dependent and antibody
independent techniques. The workflow for the analysis is shown in Figure 13.
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Figure 13. Pooled wound fluid samples were subjected to antibody independent and antibody
dependent surveys to identify new potential biomarkers.

Antibody Independent

ITRAQ Analysis

Two sets of pooled samples, one representing wounds increasing in area and the other
representing wounds decreasing in area were submitted for mass spectrometry using iTRAQ
methodology. The iTRAQ experiments included a biological replicate as well as a technical
replicate and data was normalized for direct comparison. Through iTRAQ labeling quantitative

proteomics analysis, the expression levels of 2561 proteins were analyzed.

For the plots below, the technical replicates are defined as Experiment 1 and Experiment 2 and in
each experiment, there were two ratios, a Larger/Smaller ratio (corresponding to 115/114 ratios

in both datasets) and a biological repeat of Larger/Smaller ratio (corresponding to 117/116 ratios
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in both datasets). See Appendices A and B for data. The experimental matrix is represented in

Figure 14.

Experiment 1 Experiment 2
Protein Larger Larger /Smaller Larger Larger /Smaller
Accession /Smaller (biological repeat) /Smaller (biological repeat)
126032350 0.949 1.093 0.967 1.169

Figure 14. Technical repeat data are shown with 4 relative ratios from 2 datasets corresponding

to a unique protein ID.

Outliers were observed from comparisons of biological repeats in both technical replicate

experiments and the data were manually inspected. Outliers were identified as not reproducible

in biological replicates, which indicates the possibility of random bias for certain proteins with

ITRAQ channel specificity. Raw spectrum data of the outliers were checked and their data

qualities were confirmed. Median normalization was chosen to apply to raw data and normalize

the reported ratios of the proteins comparing Larger Wound group to Smaller Wound group.

Histograms were made to compare the data before and after normalization (Figures 15a and

15b).
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Box Plot for Un-Normalized Dataset
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Figure 15a. Histogram of data prior to normalization.

Box Plot for Normalized Dataset
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Figure 15b. Histogram of data after normalization.
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From the different expression levels of 2561 proteins analyzed by iTRAQ, the top 20 proteins

overexpressed in wound fluid from the wounds that are worsening are shown in Figure 16.

Gl

Protein Names

EXP1

EXP 1
BioRep

EXP 2

EXP 2
BioRep

14790190

msx2-interacting protein [Homo
sapiens]

NA

NA

1.2659

2.5466

530373465

PREDICTED: 26S proteasome
non-ATPase regulatory subunit 6
isoform X1 [Homo sapiens]

1.3928

2.5876

NA

NA

4557831

pterin-4-alpha-carbinolamine
dehydratase isoform 1 [Homo
sapiens]

1.1306

2.3861

NA

NA

578806381

PREDICTED: kinesin-like protein
KIF15 isoform X2 [Homo sapiens]

1.5623

2.1505

1.7042

2.4234

578805065

PREDICTED: protein TANC1
isoform X8 [Homo sapiens]

1.2014

1.5009

NA

NA

556503347

vacuolar protein sorting-associated
protein VTA1 homolog isoform ¢
[Homo sapiens]

1.1944

1.4609

0.9064

1.0607

40354201

2'-deoxynucleoside 5'-phosphate
N-hydrolase 1 isoform 2 [Homo
sapiens]

1.2841

1.4524

NA

NA

7657381

pre-mRNA-processing factor 19
[Homo sapiens]

1.1834

1.4294

1.0737

1.7417

578818239

PREDICTED: CUGBP Elav-like
family member 2 isoform X22
[Homo sapiens]

1.5374

1.4107

NA

NA

578836106

PREDICTED: retinoblastoma-like
protein 1 isoform X1 [Homo
sapiens]

1.2901

1.3265

NA

NA

578811945

PREDICTED: large proline-rich
protein BAG6 isoform X12 [Homo
sapiens]

1.1216

1.2781

NA

NA

5453914

phospholipid transfer protein
isoform a precursor [Homo
sapiens]

1.1595

1.2381

NA

NA

530398960

PREDICTED: dynamin-1-like
protein isoform X2 [Homo
sapiens]

1.0499

1.2372

1.0030

1.1129

578827454

PREDICTED: AP-3 complex
subunit beta-2 isoform X2 [Homo
sapiens]

1.4237

1.2185

NA

NA

12056473

sialic acid synthase [Homo
sapiens]

1.0249

1.1539

NA

NA

93204867

probable G-protein coupled
receptor 158 precursor [Homo
sapiens]

1.4516

1.1182

1.5050

1.3661

4557313

angiogenin precursor [Homo
sapiens]

1.2682

1.1156

NA

NA

Figure 16. Top 20 proteins overexpressed in wound fluid from the wounds that are getting larger
over the 8 week period.

21



Antibody Dependent
Antibody Microarrays

Antibody arrays are a high-throughput ELISA based platform for efficient protein expression
profiling in chronic wound fluid. A large number of targets can be profiled using a small volume
of sample leading to the identification of differentially expressed proteins. The wound fluid
proteins are biotin labeled, incubated with the antibody array, and detected using dye or
fluorescent-tagged streptavidin. Because the proteins remain non-denatured, false positives may
result from protein-protein interactions and non-specific binding and follow-up validations are
necessary. Pooled samples using a dual threshold of 15% and a 3 point sliding scale were used
on the arrays.

Four antibody arrays were utilized to test for differentially expressed proteins from chronic
wound fluid. The cytokine profiling array (Appendix C) features 310 unique antibodies for
profiling cytokines and related biomarkers in human cells, tissues, serum or culture media. The
explorer antibody array (Appendix D) is a broad-scope antibody array with 656 highly specific
and well-characterized antibodies from more than ten signaling pathways. The signaling
explorer array (Appendix E) features 1358 unique antibodies covering twenty biological
signaling pathways and is ideal for high-throughput biomarker screening and discovery. Targets
with a greater than 2 fold difference in expression are differentially given in Figure 17.

. Expression
Protein Target FF)%atio Array
Vacular Endothelial Growth Factor(VEGF) 4.59 E
Tubulin alpha 441 SE
Actin beta 3.40 E
Survivin 2.78 E
Beta actin 2.62 C
CD57 2.47 E
CD2 2.33 E
ADP-ribosylation Factor (ARF-6) 2.28 E
TGF beta Receptor |11 2.27 C
HPV 16-E7 2.23 E
FSH 2.20 E
Golgi Complex 2.20 E
Total PSA 2.18 C
BAD 2.15 SE
CD1 2.12 E
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Laminin-s 2.11 E
Catenin-alphal 2.02 C
CEA 2.01 C
MHC | (HLA25 and HLA-Aw32) 2.01 E
Thymidylate Synthase 2.00 E
pl8INK4c 0.50 E
DFF40 (DNA Fragmentation Factor 40) / CAD 0.50 E
c-Src 0.50 E
PARP 0.50 E
Endostatin 0.49 E
Cullin-1 (CUL-1) 0.49 E
PARP (Poly ADP-Ribose Polymerase) 0.49 E
XRCC2 0.48 E
MyD88 0.48 E
Cdk3 0.44 E
MMP-23 0.44 E
Cullin-2 (CUL-2) 0.42 E
Stat-1 0.42 E
CDC34 0.41 E
BRCAZ2 (aa 1323-1346) 0.35 E
PTHrP 0.10 C

* Cytokine (C), Explorer (E), Signaling Explorer (SE)

Figure 17. Targets with a greater than 2 fold difference in expression.

Finally, a phophoprotein array was used to look for differences in protein abundance,
phosphorylation and protein-protein interactions. The array utilizes ~510 pan-specific antibodies
for protein expression and ~340 phosphosite-specific antibodies for phosphorylation. The
antibodies profile 287 different phosphosites, 189 protein kinases, 31 protein phosphatases and
142 regulatory subunits of these enzymes and other cell signaling proteins that regulate cell
proliferation, stress and apoptosis. Two strategies were used to explore differences between
healing and worsening wound fluid, evaluation of the 15% dual threshold pooled sample groups
(Appendix F) and individual testing of 10 wounds in each category (Appendix G). Differentially
expressed targets from the microarrays are pre-validated using western blots to confirm antibody
specificity by including molecular weight of the target. Inall, 11 pre-validation blots tested 238
antibodies for their sensitivity and specificity. The blot images and potential targets are given in
(Appendix H). Forty-four known and 41 cross-reactive unknown targets were identified as
potential biomarkers from the pre-validation western blots. Eighteen antibodies were probed
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using pooled samples to identify proteins with significant changes between sample groups
(Figure 18).

Figure 18. Eighteen antibodies probed using pooled samples to identify proteins with significant

changes between sample groups.

Overlays of the gel images were used to highlight similarities and differences in the samples
(Figure 19).
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Figure 19. Overlay of the gel images, the blue color represents the pooled “worsening” samples
and the red color the pooled “healing” samples. When the protein bands are of the same

magnitute in both samples, then the protein bands show up as white.

Differences in expression for targets of the 18 antibodies are shown Figure 20. Eleven targets
were measurable with 9 differentially expressed with a 25% minimum threshold.
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Figure 20. Differences in expression for targets of the 18 antibodies. Eleven targets were
measurable with 9 differentially expressed with a 25% minimum threshold.

A microsphere-based suspension microarray was used to simultaneously measure the
concentration of 7 analytes, C-X-C motif chemokine 9 (CXCL9), L-selectin (SELL), matrix
metalloproteinase-9 (MMP9), protein S100-A8 (S100A8), protein S100-A9 (S100A9),
Transforming growth factor beta receptor type 3 (TGFBR3), and

retinol binding protein 4 (RBP4) in 96 wound fluid samples. The assay methodology is based
upon the Luminex ® bead-based immunoassay platform. Samples were measured in duplicate
and standardized using the wound fluid total protein concentration (Appendix I). The three
cohorts of healing and worsening wounds were tests for differential expression and p values are
given in Figure 21. Of the 6 targets, S100A8 and TGFBR3 were significantly different between

healing and worsening wounds.
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p value
Scale Threshold CXCL9 MMP9 RBP4 S100A8 S100A9 TGFBR3
2 point 15% 1.000 0.347 0.097 0.029 0.149 0.035
3 point 15% Single 0.785 0.379 0.205 0.644 0.750 0.575
3 point 15% Dual 0.525 0.351 0.226 0.022 0.062 0.093

Figure 21. Quantitative Microarray for 7 analytes, C-X-C motif chemokine 9 (CXCL9), L-
selectin (SELL), matrix metalloproteinase-9 (MMP9), protein S100-A8 (S100A8), protein S100-
A9 (S100A9), Transforming growth factor beta receptor type 3 (TGFBR3), and

retinol binding protein 4 (RBP4).

SRM-MS Analysis

Through iTRAQ labeling quantitative proteomics analysis, the different expression levels of
2561 proteins were evaluated and 6 proteins out of these were selected as SRM-MS protein
targets. 14 proteins were further added into the SRM-MS quantification panel using data from
previous research and the microarray results of this study. Four individual samples and 2 pooled
samples were prepared and subject to SRM-MS analysis using algorithm based and/or ITRAQ
data dependent SRM-MS methods. The pooled samples were taken from the highest confidence
cohort, 15% dual threshold and 3 point sliding scale. The potential clinical diagnostic utility of

the panel was further evaluated.

The abundance of each of the 20 SRM-MS target proteins was represented by a single peptide
mapped uniquely to the target protein (Appendix J). Each protein was independently quantified
in 6 wound fluid samples, containing 2 samples from the larger or worsening group and 2
samples from the healing group in addition to the pooled samples derived from the 3 point
sliding scale and dual 15% threshold. Relative expression levels and a p value for each protein
target is shown in Figure 22. The abundance of a target protein is represented by the relative

ratios normalized to abundance in the pooled sample.

27



Larger Smaller

Wounds Wounds
A-14 B-35 | 15% Dual N-14 0-28 15% Dual p-value

Threshold Threshold
Pooled Pooled
Previous Research

Protein S100-A7 2.1374 | 1.9030 1.9051 0.6081 | 1.1605 1.0000 0.0115
Protein S100-A9 2.6713 | 2.2497 2.1554 1.0347 | 1.5528 1.0000 0.0085

Retinol binding protein 4 0.2684 | 0.3491 | 0.2202 0.9024 | 1.4188 1.0000 0.0292
(RBP4)

Matrix Metalloproteinase-9 | 7.8121 | 3.3984 | 5.9998 0.6842 | 1.6546 1.0000 0.0626
(MMP9)

Profilin-1 (PFN1) 0.3224 | 0.4516 0.3517 0.6439 1.1512 1.0000 0.0578
TGFBR3 3.8634 | 4.0737 3.0818 0.9321 1.8031 1.0000 0.0042
L-selectin 0.3167 | 0.2136 0.2701 0.5844 0.8289 1.0000 0.0401

Microarrays

VEGF-A 0.0652 | 0.1433 0.1512 0.4367 1.1530 1.0000 0.0740
Beta actin (ACTB) 0.1352 | 0.1965 0.0658 0.6448 0.7958 1.0000 0.0136
ADP-ribosylation Factor 0.1927 | 0.1765 | 0.2414 1.1945 | 1.0360 1.0000 0.0023
(ARF-6)

Cdk3 0.3652 | 0.2209 0.3525 0.9531 0.9833 1.0000 0.0026
Cullin-2 (CUL-2) 5.6360 | 6.6595 4.4842 0.8459 2.3464 1.0000 0.0073
STAT1 6.0845 [ 7.3875 6.2529 0.6372 1.0247 1.0000 0.0028
CDC34 6.8297 [ 7.5555 5.6390 0.7289 1.3683 1.0000 0.0054

iTRAQ

kinesin-like protein KIF15 9.2240 | 11.966 | 7.8970 1.0777 | 2.7340 1.0000 0.0102
isoform X2 0

DCC-interacting protein 2.2750 | 0.6348 0.8614 | 1.9063 1.0000 0.4422
13-alpha 2.7902

26S proteasome non- 7.8246 | 6.2612 5.1769 0.6427 | 1.2660 1.0000 0.0153
ATPase regulatory subunit

6 isoform X1

CUGBP Elav-like family 3.5516 | 4.9279 3.2949 0.5281 1.3657 1.0000 0.0149
member 2 isoform X22

pre-mRNA-processing 4.1619 | 5.6161 3.2654 0.5665 | 2.2474 1.0000 0.0259
factor 19

pterin-4-alpha- 4.2906 | 4.8014 3.9016 0.4900 2.1487 1.0000 0.0107
carbinolamine dehydratase

isoform 1

Figure 22. Selected reaction monitoring (SRM-MS) analysis of 20 proteins in chronic wound
fluid from pressure ulcers.



KEY RESEARCH ACCOMPLISHMENTS:

» Fabricated a new integrated sensor that included a xerogel as a selective sensing
element

» Fabricated a porous polymetric PBG on large flexible substrates

» Methodology developed and refined during this project was employed in a project
evaluating pressure ulcer fluid in people with and without SCI

o Edsberg LE, Wyffels JT, Ogrin R, Craven C, Houghton P. A pilot study
evaluating protein abundance in pressure ulcer fluid from people with and
without spinal cord injury. J Spinal Cord Med. 2014 Jun 26. [Epub ahead of
print] PMID: 24968005 [PubMed - as supplied by publisher]

» 3 Point sliding scale threshold sample classification system

CONCLUSION:

The goal of this research was to evaluate the wound proteome and outcome and develop a
technology to measure protein targets. The analysis of the proteome started with the
development of a classification system for wound fluid samples. A technique to classify a
sampling timepoint based on a sliding 3 timepoint scale that uses the prior and following
timepoint data to describe the trend for the wound during the middle timepoint was developed.
This technique offers the potential to standardize and objectively classify samples from a variety
of wound types, rather than utilizing subjective clinical judgement. Classification of the samples

is integral to the identification of targets.

The proteomic analysis utilized antibody dependent and independent techniques. Of the 6 targets
analyzed using a quantitative microarray, S100A8 and TGFBR3 were significantly different
between healing and worsening wounds. This finding further supports work by this team
investigating the levels of S100 calcium binding proteins in chronic wounds.

PIXIES technology was fabricated, but ultimately it was decided that this novel technology has a
longer timeline to clinical use due to the early stages of the technology. Additionally, the wound
bed presents an extremely challenging environment for any type of proteomic technology due to
the complex mixture of proteins and protein fragments. SRM-MS, cost effective, low sample
usage technology, is well suited to analysis of intact proteins and peptides. Additionally, the
technology has been shown to be suitable for a diagnostic tool in disease processes. The SRM-
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MS data indicated several intriguing findings, but can be utilized in follow-up studies for panel
marker confirmation. Validation of this technology is integral to the final development of a
bedside collection sample being evaluated for markers of healing. The utilization of SRM-MS
for wound fluid analysis is a significant development in the path to bedside wound outcome
diagnosis. Ultimately this work may allow the development of personalized wound care based

on the proteomic characteristics of the wound.
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 “Bring Revised NPUAP Guidelines and Research to the Bedside”, 20™ Annual Symposium
to Promote Clinical Excellence, Saratoga Springs, NY, May 22, 2015

* “Proteomic Characterization of Pressure Ulcers”, Invited Lecture, World Union of Wound
Healing Societies (WUWHYS), 4th Congress, Yokohama, Japan, September 2012.

* KaYi Yung, Huina Xu, Ke Liu, Greggory J Martinez, Frank V. Bright, Michael R Detty,
and Alexander N. Cartwright, “Hybrid Oxygen-responsive Reflective Bragg Grating
Platforms”, Analytical Chemistry 2012; 84 (3):1402-1407.

* Liu, K., Xu, H., Hu, H., Gan, Q. and Cartwright, A. N. (2012), One-Step Fabrication of
Graded Rainbow-Colored Holographic Photopolymer Reflection Gratings. Adv. Mater.,
24:1604-1609. doi:10.1002/adma.201104628

* Huina Xu, Ke Liu, Qiaogiang Gan, and Alexander N. Cartwright, “Flexible Porous Polymer
Photonic Bandgap Structures for Chemical and Biomedical Sensing”, IEEE Photonics 2011
Conference, Oct. 2011, Arlington, Virginia.

» Ke Liu, Huina Xu, Qiaogiang Gan, and Alexander N. Cartwright, “Polymeric Concave Bragg
Reflectors Fabricated using Optical Lithography”, Materials Research Society, Nov. 2011,
Boston, Massachusetts.

*  “What Are the Effects of Load on Tissue?”, Scientific Basis of Wound Healing, Wound
Principles & Assessment, Wound Management Track, Master’s Clinical Science (MCISc)
Program, School of Physical Therapy, University of Western Ontario, London, Ontario,
September 2011.

* Ke Liu, Huina Xu, Qiaogiang Gan, and Alexander N. Cartwright, “One-step Holographic
Lithography Fabrication of a Rainbow-colored Photonic Bandgap Structure”, IEEE
Photonics 2011 Conference, Oct. 2011, Arlington, Virginia

30



* “Proteins and Pressure Ulcer Outcomes”, Chronic Wounds — Mechanisms and Diagnostics,
2nd Meeting of the Australian Wound and Tissue Repair Society, Perth, Western Australia,
March 2010.

INVENTIONS, PATENTS AND LICENSES: Nothing to report

REPORTABLE OUTCOMES:

o Utilization of selected reaction monitoring mass spectrometry (SRM-MS) for
wound fluid samples

OTHER ACHIEVEMENTS:

» Graduate Certificate in Bioinformatics & Computational Biology (May 2014) University of
Delaware (not funded by award, but admission to program supported by need from funded
grant for data analysis).

» Pilot studies (not funded by this award, but based on the work in this award) are being
conducted to evaluate genomic methodology to identify genes involved with proteins present
in healing and non-healing wounds. Sample type (fluid vs. tissue) is also being assessed.

* Novel Compounds From Shark and Stingray Epidermal Mucus With Antimicrobial Activity
Against Wound Infection Pathogens. Department of Defense, U.S. Army Medical Research &
Materiel Command (USAMRMC), Congressionally Directed Medical Research Programs.
Basic Research Award W81XWH-11-2-0110. Non-traditional model antibody independent
evaluation of mucus based on the methodology developed in this award.

» Integrated Proteomic Analysis and siRNA Therapy for Treatment of Heterotopic
Ossification. Department of Defense, U.S. Army Medical Research & Materiel Command
(USAMRMC), Congressionally Directed Medical Research Programs. Idea Development
Award, W81 XWH-10-2-0139. Wound fluid and tissue analysis based on the methodology
developed in this award.

* A Randomized Controlled Pilot Study of Hyperbaric Oxygen Therapy versus Sham Controls
in the Early Treatment of Deep Partial Thickness Burns. U.S. Army Medical Research and
Materiel Command Broad Agency Announcement, 2014. Proteomics work flow and updated
technology will be utilized for this project.
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Appendix A
iTRAQ Set 1



Accession | Description Coverage | 3#Proteins | 3# Unique Peptides | 5# Peptides | # PSMs | AS: 115/114 | AB: 115/114 Count | AB: 115/114 Variability [%] | AB:117/116 | A8: 117/116 Count | AB: 117/116 Variability [%] | Score AG.6.7) | Coverage A(36.7) | # Peptides AB6.7)| #PSMA@6.7) | #AAs | MW [kDa] calc. pl
109715837 ‘protein NDNF precursor [Homo sapiens] 282 1 1 2 3 1874 1 1.016 1 22.30 282 2 3 568 646 8.94
578807153 PREDICTED: basic helix-loop-helix domain-containing protein KIAA2018 isoform X1 [Homo sapi 317 3 1 7 18 1.681 1 1.180 1 28.33 317 10 18 2211 237.6 7.52
62632769 DNA-3-methyladenine glycosylase isoform a [Homo sapiens] 9.06 3 1 3 7 1.601 1 1275 1 61.21 9.06 7 7 298 328 9.57
578806381 PREDICTED: kinesin-like protein KIF15 isoform X2 [Homo sapiens] 7.24 36 1 10 21 1.567 1 2529 1 69.08 7.24 17 21 1285 147.9 6.89.
578818239 PREDICTED: CUGBP Elav-like family member 2 isoform X22 [Homo sapiens] 13.65 17 1 3 1 1542 1 1.659 1 14525 13.65 7 11 403 424 8.85
93204867 probable G-protein coupled receptor 158 precursor [Homo sapiens] 469 1 i 6 35 1.456 4 18 1315 4 33 66.33 4.69 8 35 1215 135.4 8.28
578827454 PREDICTED: AP-3 complex subunit beta-2 isoform X2 [Homo sapiens] 3.37 5 1 4 6 1.428 1 1.433 1 3318 3.37 4 6 1038 1144 572
530373465 PREDICTED: 268 proteasome non-ATPase regulatory subunit 6 isoform X1 [Homo s¢ 9.02 6 1 3 7 1.397 1 3.043 1 160.84 9.02 7 7 410 48.0 554
578824847 PREDICTED: neurobeachin isoform X10 [Homo sapiens] 167 10 1 7 21 1.396 3 291 0.995 3 56 4154 167 10 21 2938 326.8 6.16
578828247 PREDICTED: SUMO-conjugating enzyme UBC isoform X4 [Homo sapiens] 30.38 2 2 3 7 1.376 2 516 1.095 1 158.46 30.38 7 7 158 18.0 8.66
555943926 heme oxygenase 2 isoform ¢ [Homo sapiens] 6.62 3 1 1 2 1.348 1 1.024 1 4384 6.62 2 2 287 328 5.91
578817959 PREDICTED: collagen alpha-1(XXV11) chain isoform X3 [Homo sapiens] 2.85 4 4 3 12 1.301 3 27 1.207 3 35.8 95.72 2.85 5 12 1087 107.8 7.85
578836106 PREDICTED: retinoblastoma-like protein 1 isoform X1 [Homo sapiens] 435 12 2 5 8 1.204 2 52 1.560 2 21.0 43.95 435 3 8 896 1011 7.56.
40354201 2'-deoxynucleoside 5'-phosphate N-hydrolase 1 isoform 2 [Homo sapiens] 22.30 2 4 4 3 1.288 1 1.708 1 196.54 22.30 3 3 148 162 6.79
149363656 exocyst complex component 68 [Homo sapiens] 244 2 1 4 9 1274 1 1.040 1 30.99 244 4 9 811 941 6.46
4557313 angiogenin precursor [Homo sapiens] 19.73 4 i 2 3 1272 i 1312 1 50.70 19.73 3 3 147 165 9.64
48675813 transportin-2 isoform 2 [Homo sapiens] 248 2 1 3 a4 1.254 1 1.059 1 33.30 248 3 a4 887 1003 4.98
554505586 replication protein A 32 kDa subunit isoform 2 [Homo sapiens] 17.82 3 1 2 4 1.250 1 1.188 1 145.96 17.82 4 4 174 19.1 5.73
50053795 eukaryotic translation initiation factor 48 [Homo sapiens] 9.49 2 2 4 13 1.249 3 8.3 1.047 1 395.67 9.49 10 13 611 69.1 5.73
625180307 hemicentin-2 precursor [Homo sapiens] 2.58 2 1 1 16 1232 1 1.043 1 26.28 2.58 1 16 5079 5437 5.87
14277685 protocadherin gamma-C5 isoform 2 precursor [Homo sapiens] 114 2 1 1 2 1.229 1 1141 1 35.31 114 2 2 878 95.1 511
11559929 coatomer subunit gamma-1 [Homo sapiens] 3.78 1 1 2 4 1.209 1 1135 1 285.60 3.78 4 4 874 97.7 5.47
578805065 PREDICTED: protein TANC1. isoform X8 [Homo sapiens] 6.20 8 1 9 320 1.205 1 1.765 1 4107.27 6.20 13 320 1677 1833 8.85
4502491 complement component 1 Q subcomponent-binding protein, mitochondrial precursor [Homo sa 14.18 1 1 2 7 1.200 2 6.4 1.052 2 57.1 473.33 14.18 4 7 282 313 484
556503347 vacuolar protein sorting-associated protein VTAL homolog isoform ¢ [Homo sapiens] 10.81 3 1 1 3 1.198 1 1718 1 109.96 10.81 3 3 222 245 5.29
6912280 activator of 90 kDa heat shock protein ATPase homolog 1 [Homo sapiens] 8.88 1 1 2 5 1.193 1 1.394 1 122.63 8.88 4 5 338 383 5.53
4557663 immunoglobulin-binding protein 1 [Homo sapiens] 6.49 1 1 1 25 1.193 2 126 1.187 2 244 379.65 6.49 3 25 339 392 5.38
40353729 ras and Rab interactor 3 [Homo sapiens] 8.43 1 1 7 10 1.189 1 1.313 1 286.23 8.43 9 10 985 107.8 6.61
7657381 pre-mRNA-processing factor 19 [Homo sapiens] 6.94 1 1 4 17 1.187 1 1.681 1 79.05 6.94 9 17 504 55.1 6.61
190341024 'SPARClike protein 1 isoform 1 precursor [Homo sapiens] 13.10 2 2 4 1 1.186 2 17 0.929 2 230 412.48 13.10 8 1 664 752 481
21361176 retinal dehydrogenase 1 [Homo sapiens] 3.39 10 2 2 5 1.186 2 281 1.025 2 75 143.73 3.39 5 5 501 548 6.73
4506715 40 ribosomal protein 528 [Homo sapiens] 4058 1 2 3 6 1184 2 17.7 1.070 2 69.1 153.54 4058 6 6 69 78 10.70
612407822 carcinoembryonic antigen-related cell adhesion molecule 6 preproprotein [Homo sapiens] 6.69 1 2 2 6 1.180 2 330 1.017 2 126 130.86 6.69 6 6 344 37.2 5.82
47458820 signal transducer and activator of transcription 3 isoform 3 [Homo sapiens] 16.90 6 2 1 27 1.180 3 15 1.330 3 143 362.34 16.90 16 27 722 831 7.12
47933379 alpha-soluble NSF attachment protein [Homo sapiens] 5.08 1 1 2 4 1179 1 1.251 1 146.99 5.08 4 4 295 332 5.36
206597509 arf-GAP domain and FG repeat-containing protein 1 isoform 4 [Homo sapiens] 192 8 1 1 3 1174 1 1714 1 84.54 1.92 3 3 522 541 8.92
200180448 target of Myb protein 1 isoform 3 [Homo sapiens] 18.70 3 1 5 15 1173 1 2.013 1 155.75 18.70 12 15 460 502 478
385731627 UPF0G87 protein C200rf27 isoform 2 [Homo sapiens] 19.54 2 2 3 7 1171 2 6.1 1217 2 17.7 263.66 19.54 7 7 174 193 6.84
5453014 phospholipid transfer protein isoform a precursor [Homo sapiens] 4.06 4 2 2 22 1.163 3 13 1.456 2 206 257.35 4.06 5 22 493 547 7.01
16933567 ras-related protein Rab-8A [Homo sapiens] 27.54 21 1 6 72 1.163 1 1.028 1 1235.51 27.54 17 72 207 237 9.07
71773329 annexin AG isoform 1 [Homo sapiens] 74.74 2 1 46 438 1.163 3 10.4 1.286 3 152 14776.62 74.74 133 438 673 758 5.60
116734849 glycogen debranching enzyme isoform 2 [Homo sapiens] 3.83 3 2 6 17 1.163 3 65 1134 3 27 34463 3.83 11 17 1515 1725 6.71
530362188 PREDICTED: microtubule-associated serine/threonine-protein kinase 2 isoform X3 [Homo sapiet 451 10 1 8 a2 1.162 2 16 85.93 451 17 a2 1797 196.2 8.16
578811543 PREDICTED: disheveled-associated activator of morphogenesis 2 isoform X2 [Homo sapiens] 317 8 1 4 8 1.158 1 1.365 1 30.38 317 7 8 1167 1342 6.73
388240770 reticulon-3 isoform f [Homo sapiens] 174 5 1 2 8 1154 2 128 1.059 2 37.2 22129 174 4 8 920 100.8 493
46389554 alpha-endosulfine isoform 4 [Homo sapiens] 3162 8 2 2 9 1153 3 0.1 1.053 3 7.4 503.07 3162 6 9 17 130 8.27
578823793 PREDICTED: nucleosome assembly protein 1-like 1 isoform X18 [Homo sapiens] 11.89 6 2 3 8 1153 2 216 1.293 2 281 194.77 11.89 8 8 328 382 456
17986001 ‘major histocompatibility complex, class 1, B precursor [Homo sapiens] 13.54 12 2 3 10 1151 3 13.9 1131 3 5.9 307.53 1354 7 10 362 404 5.85
4507797 ubiquitin-conjugating enzyme E2 variant 2 [Homo sapiens] 4207 6 1 7 39 1.150 1 1144 1 674.87 42,07 21 39 145 16.4 8.09
530411696 PREDICTED: probable ATP-dependent RNA helicase DDX5 isoform X1 [Homo sapiens] 14.66 4 1 10 24 1.149 1 1.027 1 505.74 14.66 24 24 614 69.1 8.92
156564401 vesicle-fusing ATPase [Homo sapiens] 3.49 2 1 2 4 1147 1 1.059 1 11319 3.49 4 4 744 825 6.95
5729850 guanine nucleotide-binding protein G(K) subunit alpha [Homo sapiens] 2119 14 1 7 21 1.146 1 1.383 1 688.56 2119 17 21 354 405 5.60
91208426 pre-mRNA-processing-splicing factor 8 [Homo sapiens] 5.05 1 2 1 2 1142 2 0.2 1.306 2 382 298.99 5.05 18 2 2335 273.4 8.84
530382450 PREDICTED: dystonin isoform X17 [Homo sapiens] 8.07 5 1 30 81 1.140 1 1.023 1 69.02 8.07 45 81 3186 368.9 6.76
578838069 PREDICTED: protein-cysteine N-palmitoyltransferase porcupine isoform X10 [Homo sapiens] 433 14 1 2 17 1.139 1 1.116 1 86.12 433 6 17 323 363 7.99
578833709 PREDICTED: AP-3 complex subunit delta-1 isoform X1 [Homo sapiens] 3.82 3 2 4 7 1.136 2 10.9 1.276 2 9.1 160.70 3.82 7 7 1203 1353 7.64
4885153 crk-like protein [Homo sapiens] 12.87 1 2 3 23 1135 2 17.8 1.362 2 36 232.95 12.87 8 23 303 338 6.74
578833911 PREDICTED: tubulin-folding cofactor B isoform X1 [Homo sapiens] 12.95 2 1 2 6 1134 1 1.210 1 249.49 12.95 4 6 193 218 494
4557831 pterin-4-alpha-carbinolamine dehydratase isoform 1 [Homo sapiens] 20.19 2 1 2 6 1134 1 2.806 1 89.69 20.19 4 6 104 120 6.80
223633991 pantetheinase precursor [Homo sapiens] 10.72 1 1 3 5 1134 1 2.439 1 223.37 10.72 5 5 513 57.0 5.55
69122931 TAFS5-like RNA polymerase 11 p300/CBP-associated factor-associated factor 65 kDa subunit 5Lis ~ 11.38 3 1 3 a8 1132 1 1.329 1 85.76 11.38 5 48 325 37.0 6.18
239735600 totex1 domain-containing protein 1 [Homo sapiens] 247 1 1 1 3 1132 1 1.416 1 26.10 247 1 3 179 207 8.95
115495445 ankyrin repeat domain-containing protein 30A [Homo sapiens] 7.61 2 1 10 a1 1129 7 32 1.288 7 248 137.24 7.61 13 a1 1341 1526 6.33
530848098 biogenesis of lysosome-related organelles complex 1 subunit 2 isoform 3 [Homo sapiens] 28.42 4 1 1 2 1128 1 1.006 1 103.60 28.42 2 2 95 111 9.23
578804706 PREDICTED: putative GTP cyclohydrolase 1 type 2 NIF3L1 isoform X2 [Homo sapiens] 5.61 5 1 2 9 1127 1 1.189 1 173.23 5.61 5 9 285 321 8.68
530384981 PREDICTED: aminoacyl tRNA synthase complex-interacting multifunctional protein 2 isoform X1 9.58 5 1 3 8 1126 1 1.269 1 131.20 9.58 5 8 313 346 8.02
414144872 coatomer subunit zeta-1 isoform 3 [Homo sapiens] 6.25 3 1 1 2 1.126 1 0.987 1 4233 6.25 2 2 160 18.4 291
578811945 PREDICTED: large proline-rich protein BAG6 isoform X12 [Homo sapiens] 6.55 22 1 4 10 1125 1 1503 1 300.47 6.55 6 10 1114 175 6.00
4506121 vitamin K-dependent protein Z isoform 2 precursor [Homo sapiens] 10.00 2 1 2 7 1125 1 1.187 1 62.22 10.00 4 7 400 27 5.97
578808297 PREDICTED: protein FAM193A isoform X1 [Homo sapiens] 3.30 6 1 6 16 1124 1 1.269 1 49.07 3.30 10 16 1424 158.3 6.35
4501893 alpha-actinin-2 isoform 1 [Homo sapiens] 24.27 39 2 24 268 1124 2 5.0 1.092 1 8350.41 24.27 69 268 894 103.8 5.45
52627151 olfactory receptor 2AE1 [Homo sapiens] 495 1 1 2 6 1121 1 37.57 495 4 6 323 36.6 9.06
45545435 COMM domain-containing protein 2 [Homo sapiens] 23.62 1 2 4 15 1121 2 267 1.407 2 3635 150.16 23.62 9 15 199 227 6.73
578817221 PREDICTED: FK506-binding protein 15 isoform X2 [Homo sapiens] 5.65 3 1 7 48 1121 1 0.907 1 21451 5.65 14 48 1151 1267 5.20
17158044 408 ribosomal protein S6 [Homo sapiens] 16.47 1 1 5 21 1.120 1 1.048 1 12183 16.47 9 21 249 287 10.84
530361586 PREDICTED: peptidyl-prolyl cis-trans isomerase H isoform X5 [Homo sapiens] 10.27 14 1 2 8 1.120 1 1.874 1 110.02 10.27 6 8 146 16.0 8.07
530366678 PREDICTED: unhealthy ribosome biogenesis protein 2 homolog isoform X1 [Homo sapiens] 282 2 1 5 13 1119 1 0.914 1 37.28 282 7 13 1487 166.5 7.20
5031767 heat shock factor protein 1 [Homo sapiens] 473 1 1 2 4 1.116 2 7.4 1.003 2 0.7 33.22 473 2 4 529 57.2 519
25777612 265 proteasome non-ATPase regulatory subunit 3 [Homo sapiens] 16.67 1 3 8 15 1115 3 119 1.236 3 0.1 395.86 16.67 14 15 534 60.9 8.44
389565487 programmed cell death protein 6 isoform 4 [Homo sapiens] 9.09 4 1 1 3 1114 1 1.005 1 77.96 9.09 3 3 121 144 5.29
150417973 supervillin isoform 2 [Homo sapiens] 5.06 14 2 12 88 1113 2 231 1.087 2 153 215.40 5.06 21 88 2214 2476 6.98
65787364 coronin-18 [Homo sapiens] 8.18 1 1 6 27 1113 1 1.069 1 220.84 8.18 14 27 489 542 5.88
190341099 V-set and transmembrane domain-containing protein 4 isoform 1 precursor [Homo sapiens] 15.00 3 1 4 5 1113 1 34.66 15.00 4 5 320 36.1 9.86
73622130 BolA-like protein 2 [Homo sapiens] 16.45 1 1 2 9 1112 1 1547 1 150.88 16.45 6 9 152 16.9 8.19
530376803 PREDICTED: exocyst complex component 1 isoform X4 [Homo sapiens] 8.65 4 1 8 39 1112 1 1136 1 21073 8.65 17 39 879 1002 6.60
6715607 h