
A Quantitative Proteomic Workflow for Characterization of
Frozen Clinical Biopsies: Laser Capture Microdissection
Coupled with Label-Free Mass Spectrometry

John P. Shapiro1, Sabyasachi Biswas4, Anand S. Merchant, Anjali Satoskar3, Cenny
Taslim1, Shili Lin6, Brad H. Rovin2, Chandan K. Sen4, Sashwati Roy4, and Michael A.
Freitas1,*

1Department of Molecular Virology, Immunology and Medical Genetics, College of Medicine,
Columbus, Ohio 43210
2Department of Internal Medicine, College of Medicine, Columbus, Ohio 43210
3Department of Pathology, College of Medicine, Columbus, Ohio 43210
4Comprehensive Wound Center, College of Medicine, Columbus, Ohio 43210
5Department of Molecular and Cellular Biochemistry, College of Medicine, Columbus, Ohio 43210
6Department of Statistics, The Ohio State University, Columbus, Ohio 43210

Abstract
This paper describes a simple, highly efficient and robust proteomic workflow for routine liquid-
chromatography tandem mass spectrometry analysis of Laser Microdissection Pressure
Catapulting (LMPC) isolates. Highly efficient protein recovery was achieved by optimization of a
“one-pot” protein extraction and digestion allowing for reproducible proteomic analysis on as few
as 500 LMPC isolated cells. The method was combined with label-free spectral count quantitation
to characterize proteomic differences from 3,000–10,000 LMPC isolated cells. Significance
analysis of spectral count data was accomplished using the edgeR tag-count R package combined
with hierarchical cluster analysis. To illustrate the capability of this robust workflow, two
examples are presented: 1) analysis of keratinocytes from human punch biopsies of normal skin
and a chronic diabetic wound and 2) comparison of glomeruli from needle biopsies of patients
with kidney disease. Differentially expressed proteins were validated by use of
immunohistochemistry. These examples illustrate that tissue proteomics carried out on limited
clinical material can obtain informative proteomic signatures for disease pathogenesis and
demonstrate the suitability of this approach for biomarker discovery.
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INTRODUCTION
Given the many factors that regulate protein transcription, it is critical to directly
characterize cellular protein expression and identify proteomic signatures in order to
determine the molecular and/or physiological dysfunctions that cause disease. The ability to
obtain quantitative proteomic profiles from human clinical specimens is challenging because
of tissue heterogeneity and the limited material available in a typical biopsy. Laser
microdissection pressure catapulting (LMPC) is a technology that can extract homogeneous
cell populations from complex tissues. Using frozen and formalin-fixed tissue sections, it is
possible to retrieve and analyze RNA, DNA and proteins present in the LMPC captured cells
[1–5]. However, in contrast to RNA and DNA, the ability to recover high quality protein and
the time required for sample collection have severely constrained the routine use of LMPC-
isolated samples for proteomic analysis of clinical biopsies. Increasingly more research
groups are using laser capture as a method to examine the cellular proteome even for sample
where fewer than 10,000 cells are captured [6, 7]. More routinely 10,000 to 100,000 cells
are captured for mass spectrometry analysis [8–16]. Unfortunately, clinical needle biopsies
typically provide less than 10,000 cells of a single (homogeneous) cell type.

In this report, we describe a proteomics workflow for routine quantitative liquid
chromatography-tandem mass spectrometry (LC-MS/MS) analysis of LMPC isolates from
frozen biopsies. An important feature of this workflow is a “one-pot” protein extraction and
digestion method. This sample preparation strategy uses commercially available reagents
and delivers efficient protein recovery resulting in highly reproducible proteomics data
appropriate for label-free spectral counting quantification. To demonstrate the capability of
this approach with human tissues, we analyzed punch biopsies of normal skin and chronic
wound keratinocytes from a diabetic patient and glomeruli from needle biopsies of patients
with diabetic, lupus and genetic kidney diseases. Statistical analysis of protein abundances
differences was possible by the use of the bioconductor package edgeR orginally developed
for analysis of tag-count RNA-Seq data and recently applied to proteomics [17–20].
Validation of several differentially expressed proteins was performed by use of
immunohistochemistry as well as by correlation with previously reported results. The data
reported here for the proteomic characterizations of a chronic wound and diseased kidneys
provide supporting evidence that the workflow is capable of routine biomarker candidate
identification from frozen tissues.

EXPERIMENTAL
Tissue sectioning and fixation

Frozen tissue blocks were cut into 8 μm sections, mounted on a thermoplastic
polyethylenenapthalate (PEN covered glass slide (Carl Zeiss MicroImaging GmbH,
Munchen, Germany) and kept at −80°C until use. When needed, sections were briefly
thawed and immediately fixed in ice cold 70% ethanol and rinsed in deionized H2O each for
1 min. After the water rinse, the wet sections were stained briefly (5–10 s) with hematoxylin
and immediately rinsed in two changes of deionized H2O. The sections were then
dehydrated in 70%, 95% and 100% ethanol for 2 min each. The dehydrated slide was
allowed to air dry for immediate capture on a PALM technology microdissection system.
All anonmymized samples used in this study were collected according to IRB approved
protocols and stored in internal biobanks.
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Laser capture and pressure catapulting (LMPC)
LMPC was performed using the laser microdissection system from PALM Technologies
(Carl Zeiss MicroImaging GmbH, Munchen, Germany) containing a PALM MicroBeam and
RoboStage for high-throughput sample collection and a PALM RoboMover (PALM Robo
software, Version 2.2). Typical settings used for laser cutting were UV-Energy of 75–85 and
UV-Focus of 52. Sections were cut and captured under a 10x ocular lens. Cut elements were
catapulted into 25 μl of 0.5% Rapigest (Waters Corporation, Milford, MA) and resuspended
in 50 mM NH3HCO3. Total number of cells captured was determined using the conversion
factor of 50,000 μm2 = 200 cells for keratinocytes or by assuming an average cell diameter
of 18 μm for kidney tissue. Upon completion of microdissection, the captured material was
spun down into a 0.2 ml PCR tube and held at −80°C until protein retrieval.

Immunohistochemistry
Tissue specimens were sectioned (10 μm) and mounted on positively charged Superfrost
slides (FisherScientific). Using the early wound and normal skin, immunohistochemical
staining was performed following standard procedures, using the following antibodies all of
which were IgG mouse monoclonal: anti-human keratin 6 from Cedarlane, (Burlinton NC),
anti-human desmocollin-2 and S100 A9 from Abcam (Cambridge, MA), anti-human
vimentin from BD Biosciences (San Jose CA) and anti-human keratin 14 from Covance
(Emeryville Ca). In brief, the sections were fixed with ice-cold acetone for 1 min and then
blocked with 10% normal goat serum to minimize non-specific binding before being
incubated with the primary antibodies for 1 h at room temperature. The primary antibody
was detected by using alexa-fluor tagged secondary antibodies from Molecular Probes.
Dilutions used were per manufacturer recommendations. Stained sections were mounted in
Vectamount (Vector labs, Burlingame, CA) containing Dapi and images were collected
using a Zeiss Axiovert inverted microscope and Axiovision software. For the kidneys,
Immunoperoxidase staining with a monoclonal antibody to fibulin −1 (Santa Cruz
Biotechnology, Santa Cruz, CA) and a polyclonal antibody to podocin (Alpha Diagnostic
Intl Inc., San Antonio, TX) was performed (dilution 1:100 and 1: 40 respectively) on
formalin-fixed paraffin embedded tissue sections of the fibronectin glomerulopathy biopsies,
and additional cases of diabetic nephritis and proliferative Class IV LN (different from the
cases used for mass spectrometry). Fibronectin immunostaining was performed in the
laboratory of the late Dr. Andrew Herzenberg, Toronto, Canada. The antibody used was a
mouse monoclonal antibody directed to the N-terminus of fibronectin.

Protein Retrieval
Samples that had been stored at −80°C were thawed briefly and sonicated (in the original 0.2
ml tube) on the low power setting for a total instrument time of 60 s with a 3 s on 3 s off
time interval using a Diagenode Bioruptor (model UCD-200, Sparta NJ.). The samples were
placed in a boiling water bath for 5 min and cooled to room temperature. Trypsin was added
in a ratio of 1:30 trypsin:protein assuming ~2 μg retrieved protein/10,000 isolated cells.
After overnight incubation at 37°C with gentle shaking, formic acid was added to a final
concentration of 30% and the suspension was incubated for 30 min at 37°C to precipitate the
Rapigest. The samples were centrifuged 2x at 15,000 RPM at 4°C for 10 min to eliminate
cellular debris and the precipitated Rapigest from the sample. The extracts were dried in a
speedvac to dryness. Dried protein digests were re-suspended in 20 μl of a solution of 2%
acetonitrile with 0.1% formic acid and sonicated for 1–2 min in a water bath sonicator at
4°C to ensure peptide solubilization. Final peptide concentrations were controlled by
measurement of 280 nm absorbance on the tryptic digest using a Nanodrop ND-1000
spectrometer.
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Mass Spectrometry
Peptides (1–2 μg) were separated by reversed-phase HPLC (Dionex Ultimate 3000 capillary/
nano HPLC system, Dionex, Sunnyvale, CA) and mass analyzed with a Thermo Fisher LTQ
Orbitrap XL, equipped with micro/nanospray ionization sources (Michrom Bioresources
Inc., Auburn, CA). HPLC separations were carried out at a flow rate of 2 μL/min on a
0.2mm × 150 mm C18 column (5 μm, 300 Å, Michrom Bioresources Inc., Auburn, CA). In
general, 1.5 – 2 μg of protein was loaded/sample if sample size was non-limiting; otherwise
the entire sample was loaded for a single run with at least 1μg. The mobile phases consisted
of HPLC grade water and acetonitrile (ACN) with formic acid added as ion-pairing reagent.
A 10–32% gradient was run over 5 hours followed by a 32–90% gradient run over 40
minutes. The heated capillary temperature and electrospray voltage were set at 175°C and
2.0kV, respectively. Data were acquired in the top 5 data-dependent mode with dynamic
exclusion and Orbitrap preview modes enabled. Dynamic exculsion settings are as follows:
repeat count=2, repeat duration=30.00, exclusion list size=200, exclusion duration=350s and
exclusion mass width of ±1.50 m/z. Protein identifications were obtained using the
MassMatrix search engine searching the IPI Human (v3.65) FASTA database. Search
parameters included: variable oxidation of methionine, two missed trypsin cleavages,
precursor ion tolerance of 20 ppm and product ion tolerance of 0.8 Da. The false discovery
rate (FDR) was estimated using the target decoy strategy by appending the target databases
with reversed sequences. The protein identifications and respective spectral counts were
parsed from each sample data file and then combined taking in consideration parsimony for
protein groupings[21] using an in-house developed application written in python. The
combined protein list was sorted by maximum protein score. Protein matches were retained
above an FDR threshold of 1% based on max protein score for a row and one sample having
at least two different unique peptide matches.

Statistical Analysis
Label free relative quantitation was accomplished by the spectral count approach [22, 23] in
which the number of MS/MS spectra identified from the same protein is used to represent
relative protein abundance. Spectral counts did not include modified, or semitryptic peptides
and shared peptides from multiple protein isoforms contributed equally to each isoform.
Significance analysis of relative protein abundance was determined by analysis of the
spectral count data using the edgeR bioconductor package [19]. Peptide spectral counts were
modeled as an overdispersed Poisson / negative binomial distribution in which an empirical
Bayes procedure was used to moderate overdispersion across each protein [17–19]. An exact
text for overdispersed data was then used to assess difference in protein abundance [18]. A
Benjamini-Hochberg multi-test correction (α=0.05) was applied to final p-values to control
for false discoveries [24].

RESULTS
The protocol used to process the frozen biopsies is shown in Fig. 1A. The quantity and
quality of peptides generated following trypsin digestion of proteins recovered from LMPC
isolates was controlled for by monitoring peptide absorbance. A Nanodrop spectrometer
(using 280 absorbance) was used to quantify peptides after tryptic digestion of capture tissue
when > 5,000 cells were isolated. A typical Nanodrop spectrum of the trypsin digest
recovered from a normal kidney LMPC glomerular isolate is provided in Supplemental Data
1. In general, tryptic digestion of proteins from 106 cells yields ~200–300 μg.[25] We
estimate that the total available tryptic peptides from 10,000 LMPC isolated cells to be ~2–3
μg. Using this estimate, ~70–90% of the available tryptic digests was recovered from the
LMPC isolates when samples were analysed for peptide concentration. Supplemental Data 1
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shows examples of tryptic digestion recovery/efficiency from 4 individual keratinocyte
LMPC isolations.

Examination of the LC-MS/MS base peak chromatograms of peptides from LMPC isolates
demonstrates a high degree of sample complexity. LC-MS/MS base peak chromatograms
from three separate LMPC keratinocyte captures (from the same late wound biopsy) indicate
excellent reproducibility (Fig. 2A). Additionally, log-log scatter plots of spectral counts for
500, 1,000 and 3,000 LMPC cell isolates, each comparing spectral counts from 2 individual
biological replicates provide further indication of the technique’s reproducibility (Fig. 2B).
Spectral count data for the three replicates of 500, 1,000 and 3,000 cell captures is provided
in Supplemental Data 2.

Fig. 2C i shows the chronic wound tissue section before and after LMPC collection of
keratinocytes. Following LMPC sample processing and analysis, protein identifications and
respective spectral counts were parsed from each sample data file and then combined taking
in consideration parsimony for protein groupings using an in-house developed application.
Spectral count data from normal skin and early and late wound keratinocyte LMPC isolates
was analyzed using edgeR for pair-wise comparisons between identified proteins in normal
vs early wound, normal vs. late wound and early wound vs late wound. The data analysis
pipeline is shown in Fig. 1B.

The statistical comparison of normal vs. early and late wound keratinocytes identified over
144 and 98 statistically significant differentially expressed proteins / protein groups.
Comparison of the spectral count data of the early wound vs. late wound biopsies (collected
one month apart) identified 59 statistically significant differentially expressed proteins /
protein groups. The number of significant differentially expressed proteins represents a
significant fraction of the proteins identified. This is not surprising as these cells types are
differentiated between normal keratinocytes and those involved wound healing. The raw
spectral counts and edgeR analysis of wound spectral counts comparing normal to early and
late wound as well as the comparison of early to late wound keratinocytes are provided as a
spreadsheet in Supplemental Data 3. The unsupervised hierarchical clustering of the spectra
counts correctly grouped normal, early and late wound keratinocytes (Fig. 3A).

Smear plots (log2 concentration vs. log2 fold change) of the normalized differential spectral
count data from the keratinocytes of normal skin vs. the two chronic wounds show the
distribution of significant protein expression changes as determined by the edgeR analysis
(Fig. 3B). The differential expression of many of these identified proteins matches previous
reports describing wound or chronic wound healing [26–30]. Immunohistochemistry was
used to validate 3 over-abundant (desmocollin-2, S100-A9, Keratin 6), 1 under-abundant
(vimentin) and one non-differential (keratin 14) protein in early wound biopsies (Fig. 3C).

Glomeruli isolated with LMPC from needle biopsies of two patients known to have
fibronectin glomerulopathy (FNG) were compared to glomeruli isolated from normal (n=3),
diabetic (n=2), and lupus nephritis (class IV n=3 and class V n=2) needle biopsies. Fig. 2C ii
shows pre- and post-LMPC collection of glomeruli. FNG is a rare familial kidney disease
that eventually leads to kidney failure and is thought to be caused by abnormal glomerular
deposition of fibronectin[31]. Although fibronectin deposits have been confirmed using
immunohistochemistry in prior studies, fibronectin staining is often mild suggesting other
proteins present in the glomerular deposits may be more informative. Proteomic analysis of
the FNG glomeruli showed a significant increase in the presence of fibronectin isoforms 1,
3, 4, 5, 8. More interestingly, the spectral counts revealed several additional changes in
protein abundance compared to normal glomeruli, including an increase in fibulin isoforms
1 and 5. Immunohistochemistry confirmed the increases in fibronectin 1 and fibulin 1 (Fig.
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4A). Unsupervised cluster analysis of glomerular proteins indicated good correlation withn
the normal and FNG biopsies (Fig. 4B). In lupus nephritis, a disease with a different
pathogenesis than FNG, examination of spectral count data showed over abundance of IgG
and complement factor-proteins that are well-known to be deposited in the glomeruli of
patients during active glomerulonephritis. Similar to the wound/normal samples, a signifcant
fraction of the proteins identified were found to be differentially expressed in FNG when
compared to the normal kidney glomeruli. These results were also not surprising. The
protein changes we are observing are due to protein accumulation in the glomeruli and the
inflammatory response proteins associated with damage to the kidney. The complete list of
spectral count data for glomerular proteins from all biopsies and the edgeR analysis of
normal vs FNG are provided in Supplemental Data 4.

DISCUSSION
These examples demonstrate the capability of this proteomic workflow to characterize
samples with <10,000 cells obtained by LMPC from frozen biopsies. The ethanol used to fix
the frozen biopsy sections on the LMPC PEN slides precipitates the proteins present in a
frozen histological sample and avoids protein cross-linking. This method allows for efficient
recovery of proteins from the ethanol fixed LMPC isolates collected from the frozen
biopsies using the methods described here. Variations of the methods described here may
also achieve successful protein digestion from a formalin fixed specimens, which is the
more common method of biopsy preservation and also amenable to LMPC combined with
proteomics [15, 32].

The ability to use LMPC to isolate homogeneous populations of cells from complex tissue
samples such as the frozen clinical biopsies examined here affords one an opportunity to
characterize and dissect the underlying physiological mechanisms that lead or contribute to a
disease. The ability to gain insight into these underlying physiological mechanisms will
provide for an enhanced capability to design novel and more effective treatment(s) for these
disorders. The approach is robust, with all individual biopsies described here requiring only
one LMPC capture and LC-MS/MS analysis. This was particularly critical for the analysis
of the glomeruli given that the individual needle biopsies from the two FNG patients were
each one-of-a-kind with no opportunity for a repeat biopsy or LMPC collection.

In order to function as an effective proteomics method for characterization of differential
protein expression in small tissue samples such as the frozen needle biopsies (1 mm X 3
mm) examined in this study, it was presumed that the maximum number of LMPC
homogenous collected cells should be 10,000 or less. This assumption requires both
sensitive and highly reproducible methods. The base peak chromatograms of the three 3,000
cell biological replicates as well as the log-log scatter plots comparing spectral counts from
two biological replicates clearly demonstrates the method reproducibility (Fig. 2A and B).
Perhaps most remarkable is the ability of the 500 wound keratinocyte LMPC isolates to
identify proteins / protein groups in a reproducible manner as demonstrated by the linearity
of the log-log scatter plots. Additionally, the unsupervised cluster analysis of all of the
biologic specimens described here further supports the capability of these methods to
provide the reproducibility necessary for small sample analysis.

Pearson and Spearman rank correlation analysis were performed on the normal (N=4), early
wound (N=3) and late wound (N=5) biopsies (Supplemental Data 5) to assess technical
reproducibility. In addition principal component analysis (PCA) was performed on all three
examples. The PCA analysis show tight clustering across the technical replicates for the
wound example consistent with the hierarchical clustering results. In addition the Pearson
and Spearman rank correlation analysis showed very good consistency within replicates
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(Normal r=0.9603–0.9822, Early Wound r=0.9881–0.9959, Late Wound r=0.9086–0.9825).
These data are consistent with strong linearity observed when plotting protein spectral
counts across replicates (see example in Supplemental Data 5). Not surprisingly the
correlation between peptide spectral counts is not as strong due to fewer counts observed for
each individual peptide. Protein IDs across samples was also very consistent. An example
Venn diagram comparing three replicate normal biopsies is provided in Supplemental Data
5.

For the kidney data we also saw good reproducibility across biological replicate biopsies for
normal individuals and the familial FNG patients. The diabetic and SLE patients showed
much higher heterogeneity (although different from normal) and would therefore require a
greater number of samples to better rank differentially expressed proteins between these
groups. While this study set is smaller than would be needed to evaluate diabetic and SLE
cases, the normal and FNG case demonstrate the applicability of this approach to clinic
material. For future experiments where biological variability is high, the number of
biological replicates would be increased and statistical analysis that includes mixture
modeling or pairwise analysis would be employed to rank differentially expressed proteins.

In order to validate the capability of the method for biomarker discovery,
immunohistochemistry studies were used to verify the differentially expressed proteins
identified by analysis of spectral counts. The differential expression of 5 keratinocyte
normal vs. early wound proteins selected from the edgeR analysis were confirmed using
immunohistochemistry. As noted in the results, the methods employed here for protein
isolation and data analysis were sensitive enough to identify the differential expression of
desmocollin 2 in spite of the narrow difference in spectral counts between the normal and
early wound isolates. Additionally, the previously reported FNG fibronectin 1 over-
abundance was confirmed by both the spectral counts analysis and immunohistochemistry.
Finally, the novel finding identifying increased accumulation of fibulin 1 in FNG was also
confirmed using immunohistochemistry. These confirmations of the spectral count statistical
analysis establish the ability of this technology to provide identification of biomarkers and
function as a discovery tool for diseased tissue.

The ability of the spectral count data to identify which proteins are differentially expressed
between disease and normal samples is also supported by standard clinical observations and/
or previous reports. For instance, it is well established that both IgG and complement factors
are two protein families involved in Lupus pathogenesis and are found deposited in the
glomeruli of patients during active disease. Here, the spectral count data confirm the
increased presence of complement proteins and immunoglobulins in Lupus glomeruli. The
over-abundance of complement components in the FNG and diabetic patients, was
unexpected, but clearly demonstrates the utility of this technique as a discovery tool.
Furthermore, many of the proteins differentially expressed in the wound keratinocytes have
been described in prior studies [26–30]. In an additional study, 65 genes identified as up or
down-regulated using mRNA microarray analysis examining chronic wound biopsies are
also found in the keratinocyte wound LMPC samples collected here [33]. The direction of
protein expression determined by the edgeR analysis matched gene expression in 75% of
these common identifications.

Confirmation of the edgeR spectral count analysis using immunohistochemstry substantiates
the reliability of the large array of identified, differentially expressed proteins shown in the
volcano plots. The ability to identify a large number of differentially expressed proteins
provides opportunities to discover physiological mechanisms that are amenable to novel
therapeutic intervention. For example, one of the proteins significantly down-regulated in
both chronic early and late wounds is ATPase alpha 1 (ATP1A). This protein provides
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energy for the active transport of nutrients, and its down-regulation could impair the ability
of keratinocytes to participate effectively in the healing process [34]. This report also
describes the ability of glycosides such as ouabain or digoxin to up-regulate the expression
of ATP1A, and use of ouabain for wound treatment was associated with improved wound
healing in a rat wound model.

CONCLUSION
In conclusion, the robust qualities and sensitivity of the proteomic workflow described here
will allow for routine proteomic analysis of frozen tissue biopsies. The efficiency of protein
recovery from the LMPC isolates provides the capability for analysis of small samples
(<10,000 cells). The general utility of this workflow will advance the capability to identify
protein biomarkers in human tissues leading to greater understanding of disease molecular
physiology for design, development and testing of novel therapeutic treatments.
Additionally, the quantitative analysis of proteomic profiles may allow for better disease
staging and provide clinicians with the ability to deliver more guided and appropriate
treatment. The comparison of normal and FNG glomerular proteome profiles has already
provided new insight into the underlying disease mechanism and may eventually “translate”
into better targeted therapeutic intervention for treatment or improved individualized patient
disease classification/stratification.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

➢ highly efficient proteomic workflow for Laser Microdissection proteomics

➢ demonstrates proteomics analysis on as few as 500 captured cells

➢ easily combined with label-free spectral count quantitation

➢ tissue proteomics carried out on limited clinical biospecimens
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Fig. 1.
(A) Flowchart illustrating steps for sample preparation and protein recovery from LMPC
isolates. (B) Flowchart describing spectral count data acquisition and analysis
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Fig. 2.
(A) Base peak chromatograms following LC-MS/MS analysis of LMPC captures of three
biological replicates of 3,000 keratinocytes collected from a single chronic wound biopsy;
(B) Log-log scatter plots comparing spectral count data from two biological replicates each
from 500, 1,000 or 3,000 keratinocytes; (C) Photomicrographs of hematoxylin stained
histological sections from frozen biopsies before and after sample capture using LMPC.
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Fig. 3.
Analysis of keratinocytes from normal skin and chronic diabetic wound biopsies. (A)
unsupervised hierarchical cluster analysis showing grouping of normal (4 biological
replicates) vs. early (3 biological replicates) and late (5 biological replicates) from chronic
wound with yellow indicating positive and blue indicating negative expression; (B) smear
plots showing proteins (red) with BH corrected p-values > 0.05; (C) Immunohistochemistry
shows expected staining of both differentially and non-differentially abundant proteins
following spectral count analysis. Staining was performed on frozen sections from punch
biopsies. Dapi (nuclei) = red, protein of interest = green.
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Fig. 4.
Analysis of glomerular proteins from normal and diseased diseased kidneys. (A)
Immunohistochemistry showing expected over-abundance of fibulin 1 and fibronectin-1 in
the FNG glomeruli; (B) Unsupervised hierarchical cluster analysis of 809 proteins from 3
normal and 9 diseased kidneys with yellow indicating positive and blue indicating negative
expression showing grouping of normal and diseased kidneys.
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